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EXECUTIVE SUMMARY 
Introduction 

ES-  

Union County (County) is seeking to develop a Yadkin River Water Supply Project (YRWSP) to 
ensure long-term, sustainable water supply to its current, and projected, future service areas in 
the Yadkin River Basin. This effort includes securing the required regulatory permits and 
approvals for delivering additional water to the County’s customers in the Rocky River Basin, 
which is a part of the greater Yadkin River Basin. Under the current legislative and regulatory 
framework, the County must obtain an interbasin transfer (IBT) certificate for this project. 

Purpose of Proposed Action 
Union County has seen significant growth over the past two decades and is expected to 
continue to have steady growth and development into the foreseeable future. In response to this 
growth, the County has worked diligently to meet the increasing demands for public water 
supply and other services. Further, the County has completed an extensive water supply 
planning effort, and has identified opportunities to provide a long-term, sustainable water supply 
solution for its citizens and community. 

The Union County Water System currently serves customers in both the Catawba River Basin 
(Catawba River Basin Service Area) and the Rocky River IBT Basin (Yadkin River Basin 
Service Area) of the Yadkin River Basin as illustrated in Figure 1-1 (All maps and “figures” 
referenced within this document are located in Appendix A). The ridgeline between the Catawba 
River Basin and Yadkin River Basin divides the County, with neither of these two major rivers 
flowing within the County boundaries. 

The County currently holds a 5 million gallons per day (mgd) authorized transfer (i.e., a 
grandfathered IBT amount) of water from the Catawba River Basin to the Rocky River IBT 
Basin. To maintain compliance with the Catawba River Basin grandfathered IBT, the County 
currently returns a portion of the transferred water back into the Catawba River Basin. The 
County also has plans to return additional water to the Catawba River Basin via the Crooked 
Creek Wastewater Treatment Plant. Additionally, the County currently holds a water purchase 
agreement (which is up for renewal in 2017) with Anson County for 4 mgd of water supply that is 
utilized in the County’s Yadkin River Basin Service Area. 

Water needs in the County’s Yadkin River Basin Service Area are projected to increase from a 
current (2013) maximum month average daily demand of 7.7 mgd to 28.9 mgd by 2050 
(equivalent to a current maximum daily demand of 9 mgd to 35.3 mgd by 2050). The projected 
increase in the County’s water demand is a combined result of projected county population 
growth and Union County water system service area growth, as further detailed in Section 2.3. 
The County’s current grandfathered IBT from the Catawba River Basin and the Anson County 
water supply are not capable of meeting the projected future demand within the Rocky River IBT 
Basin; and therefore, the County must secure a reliable water supply from other sources to 
meet its future demand in this service area. As reflected in Illustration ES-1, it is the intent of the 
YRWSP to meet these additional future water demands. This illustration depicts the current and 
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proposed water sources and wastewater treatment facilities serving the County’s Yadkin River 
Basin Service Area, along with their corresponding current (2013) and future (2050) flow 
projections. 

 
Illustration ES-1 Union County Yadkin River Basin Service Area Projected Water Supply and Demand 

Description of Proposed Action 
Union County is pursuing an IBT certificate to meet the water supply needs of its current and 
future residents, and on behalf of the wholesale communities served by the County. On August 
12, 2013, the County submitted a Notice of Intent to the North Carolina Environmental 
Management Commission (EMC) regarding its request for an IBT for a maximum month 
average daily amount of 23 mgd (equivalent to a maximum day amount of 28 mgd) from the 
Yadkin River IBT Basin (Basin code 18-1) to the Rocky River IBT Basin (Basin code 18-4), both 
of which are part of the Yadkin River Basin. While these two IBT basins are each part of the 
primary Yadkin River Basin, North Carolina IBT statute considers these two IBT basins as 
separate, and the proposed water transfer to be an interbasin transfer. 

The requested amount is based on 2050 water demand projections in the County’s Yadkin River 
Basin Service Area. The intent of this IBT is to supplement the County’s existing water supply 
sources to meet projected water demands through 2050. Illustration ES-2 depicts the County’s 
current (2012) and projected future water use, including authorized and requested IBT amounts 
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within their Yadkin River Basin Service Area. This illustration additionally outlines how this future 
water demand is anticipated to be met through the year 2050. 

 
Illustration ES-2 Union County Yadkin River Basin Service Area Projected Water Supply and Demand  

Description of Proposed Alternatives 
Twelve (12) alternatives for Union County’s Yadkin River Water Supply Project, including the No 
Action Alternative, have been identified for evaluation in the EIS and include the following: 

 Surface Water Supply Alternatives: 
- Alternative 1 - Pee Dee River raw water supply from Lake Tillery (IBT from Yadkin 

River IBT Basin to Rocky River IBT Basin) with a new water treatment plant in Union 
County. 

o Alternative 1A – Raw water transmission alignment from Lake Tillery to new 
WTP in northern Union County primarily following road Right-of-Ways. 

o Alternative 1B – Raw water transmission alignment from Lake Tillery to new 
WTP in northern Union County primarily following power utility easements. 

- Alternative 2A - Yadkin River raw water supply from Narrows Reservoir (Badin 
Lake) (IBT from Yadkin River IBT Basin to Rocky River IBT Basin) with a new water 
treatment plant in Union County. 
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- Alternative 2B - Yadkin River raw water supply from Tuckertown Reservoir (IBT 
from Yadkin River IBT Basin to Rocky River IBT Basin) with a new water treatment 
plant in Union County. 

- Alternative 3 - Pee Dee River raw water supply from Blewett Falls Lake (IBT from 
Yadkin River IBT Basin to Rocky River IBT Basin) with a new water treatment plant 
in Union County. 

o Alternative 3A – Raw water transmission alignment from Blewett Falls Lake 
to new WTP in northern Union County primarily following power and natural 
gas utility easements. 

o Alternative 3B – Raw water transmission alignment from Blewett Falls Lake 
to new WTP in eastern Union County primarily following US-74 Right-of-Way. 

- Alternative 4 - Raw water supply from the main stem of the Pee Dee River (from 
Yadkin River IBT Basin to Rocky River IBT Basin) with a new water treatment plant 
in Union County. 

- Alternative 5 - Raw water supply from the Rocky River within Union County (non-
IBT alternative) with a new water treatment plant in Union County. 

- Alternative 6 - Expansion of the Catawba River Water Supply Project (CRWSP) 
(modification to existing grandfathered IBT amount for a larger IBT from the Catawba 
River Basin to the Rocky River IBT Basin of the Yadkin River Basin). 

- Alternative 7 - Interconnection with Charlotte Water (IBT from Catawba River Basin 
to the Rocky River IBT Basin of the Yadkin River Basin). 

 Interbasin Transfer Minimization Alternatives: 
- Alternative 8 - Raw water supply through groundwater withdrawal within Union 

County with a new water treatment plant in Union County. 
- Alternative 9 - Water demand management/conservation. 
- Alternative 10 - Direct potable reuse. 
- Alternative 11 - Evaluation of water returns (wastewater) from the Rocky River IBT 

Basin back to the Yadkin River IBT Basin. 
- Alternative 12 - No Action Alternative 

The surface water supply alternatives being evaluated and their relative locations are illustrated 
in Figure 2-3, found in Appendix A.   

Evaluation of Impacts 
The potential environmental, cultural and socioeconomic impacts associated with the proposed 
action alternatives are documented in the EIS.  The resources evaluated in the EIS include: 

 Topography and Geology 
 Soils 
 Land Use 
 Public Lands and Scenic, Recreational, and State Natural Areas 
 Prime or Unique Agricultural Lands 
 Areas of Archaeological or Historic Value 
 Resources of Historic Value 
 Air Quality 
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 Noise Levels 
 Floodways and 100-Year Floodplains 
 Wetlands 
 Water Resources (Surface and Groundwater), to include water quantity and quality 
 Shellfish or Fish and Their Habitats 
 Forest Resources 
 Wildlife and Natural Vegetation 
 Environmental Justice 
 Introduction of Toxic Substances 

The relative severity of an impact is denoted in this EIS as negligible, minor, moderate, or 
significant. Negligible impacts are those impacts that may occur but may not be detectable. 
Minor impacts are those impacts that are measurable but are clearly not significant. Moderate 
impacts are impacts whose effects may require additional care, employment of best 
management practices (BMPs), application of precautionary measures to minimize adverse 
impacts, or have some uncertainty inherent in whether the effects forecast by a predictive model 
would occur. Major impacts are defined by the Council on Environmental Quality regulations 40 
CFR 1508.27 as requiring consideration of both context and intensity of the effect. 

The following basic definitions were used in evaluating impacts: 

 Temporary impact:  A temporary impact is an impact associated with a particular activity 
for a finite period. Typically, a temporary impact occurs during construction. 

 Permanent impact:  An impact that is persistent or chronic. 
 Negligible impacts:  Negligible impacts are not detectable or are slight. 
 Minor impacts:  Minor impacts are not readily noticeable. 
 Moderate impacts:  Moderate impacts are readily noticeable. 
 Major impacts:  Major impacts are clearly noticeable and severely adverse or 

exceptionally beneficial. 
 Secondary (indirect) impacts: Impacts that are reasonably foreseeable from growth and 

development induced or supported by an infrastructure project 
 Cumulative impacts: Environmental impacts resulting from the incremental effects of an 

activity when added to other past, present and reasonable foreseeable future activities. 

The State Environmental Policy Act (SEPA) requires that the impacts of the No-Action 
Alternative be evaluated. No new infrastructure is planned as part of the No-Action Alternative, 
so there are no direct impacts to the natural or human environment. However, growth and 
development in the service area would still occur with the No-Action Alternative. The resulting 
indirect impacts are documented in the impacts analysis. 

Summary of Impacts for Alternatives 
Direct, secondary, and cumulative environmental impacts have the potential to occur as the 
result of implementation of a project alternative. Secondary (indirect) impacts are defined as the 
impacts that are reasonably foreseeable from growth and development induced or supported by 
an infrastructure project. Cumulative impacts are environmental impacts resulting from the 
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incremental effects of an activity when added to other past, present and reasonable foreseeable 
future activities.  

A summary of the potential environmental, cultural, and socioeconomic impacts associated with 
the proposed action alternatives are provided in Table ES-1. 

There are twelve jurisdictions in Union County that have the potential to be served with water as 
a result of the proposed action. The number of jurisdictions in the service area will vary 
depending on the selection of a specific project alternative. No communities are anticipated to 
be served outside of county borders. 

Existing local, state, and federal programs and ordinances will mitigate the potential for direct 
and indirect impacts from the proposed action. Mitigation for secondary and cumulative impacts 
related to stormwater, floodplain, riparian buffer, erosion and sedimentation control, wetland 
protection, open space and parks, water use, land use, historic preservation, tree preservation, 
endangered species protection, and regional transportation planning measures will be provided, 
as directed by the state and federal programs and local ordinances for each community, where 
applicable. 

A summary of impacts shown in Table ES-1 is as follows: 

Topography and Geology 

 Direct Impact Potential (minor impacts) 
- Temporary impacts during construction of raw water collection system and 

transmission lines 
- Permanent impacts from grading at pump stations, intakes, access roads, and 

WTP site 
 Indirect and Cumulative Impact Potential (minor impacts) 

- Topography changes from development 
 Direct and indirect impacts will be mitigated via local programs and ordinances 

Soils 

 Direct Impact Potential (minor impacts) 
- Temporary impacts from land clearing and construction activities 
- Permanent impacts at pump stations, intakes, access roads, transmission lines, 

and WTP site 
 Indirect and Cumulative Impact Potential (minor impacts) 

- Soil erosion from new development 
 Direct and indirect impacts will be mitigated via local programs and ordinances 

Land Use 

 Direct Impact Potential (minor impacts) 
- Permanent conversion of agricultural and undeveloped, wooded land use for 

utility easement, pump stations, access roads, and WTP site  
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 Indirect and Cumulative Impact Potential (minor impacts) 
- Conversion of agricultural and undeveloped, wooded land use to residential and 

commercial use 
 Direct and indirect impacts will be mitigated via local programs and ordinances 

Public Lands and Scenic, Recreational, and State Natural Areas 

 Direct Impact Potential (moderate impacts) 
- Temporary impacts during construction 
- Permanent impacts from utility easement  

 Indirect and Cumulative Impact Potential (minor impacts) 
- Conversion of adjacent land uses 

 Direct and indirect impacts will be mitigated via local programs and ordinances 

Prime or Unique Agricultural Lands 

 Direct Impact Potential (negligible to minor impacts) 
- Permanent conversion of agricultural land for utility easement, pump stations, 

access roads, and WTP site  
 Indirect and Cumulative Impact Potential (minor impacts) 

- Conversion of adjacent land uses 
 Direct and indirect impacts will be mitigated via local programs and ordinances 

Areas of Archaeological or Historic Value 

 Direct Impact Potential (negligible to minor impacts) 
- No impacts to historic sites 
- Archaeological impact unknown, analysis to be completed upon review of 

preferred alternative; however, no impacts anticipated by utilizing existing, 
previously disturbed right-of-ways 

 Indirect and Cumulative Impact Potential (negligible impacts) 
- Conversion of adjacent land uses 

 Direct and indirect impacts will be mitigated via local programs and ordinances 

Air Quality 

 Direct Impact Potential (minor impacts) 
- Temporary increase in airborne particulates during project construction 
- Negligible permanent impacts from intermittent generator operation 

 Indirect and Cumulative Impact Potential (minor impacts) 
- Minor impacts from potential new development reducing air quality and visibility 

due to increased automobile traffic 
 Direct and indirect impacts will be mitigated via local programs and ordinances 

Noise Levels 

 Direct Impact Potential (minor impacts) 
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- Temporary increase in noise during construction 
- Permanent increase in noise associated with pump station and WTP operation 

 Indirect and Cumulative Impact Potential (minor impacts) 
- Increased overall noise in service area 

 Direct and indirect impacts will be mitigated via local programs and ordinances. 

Floodways and 100-Year Floodplains 

 Direct Impact Potential (minor impacts) 
- Temporary impacts during construction of raw water collection system and 

transmission lines 
- Permanent impacts from grading at pump stations, intakes, access roads, and 

WTP site 
 Indirect and Cumulative Impact Potential (negligible impacts) 

- Potential loss of 100 year floodplain from development 
- Isolation of floodplain due to stream channel entrenchment 

 Direct and indirect impacts will be mitigated via local programs and ordinances. 

Wetlands 

 Direct Impact Potential (negligible to moderate impacts) 
- Temporary impacts during construction to jurisdictional wetlands 
- Permanent conversion of forested wetlands to non forested wetlands 

 Indirect and Cumulative Impact Potential (negligible to minor impacts) 
- Wetland loss via development 
- Loss of habitat and habitat fragmentation 
- Loss of attenuation in flow 
- Loss of wetland function from pollutant loading  

 Direct and indirect impacts will be mitigated via local programs and ordinances. 
 

Surface Water Resources 

 Direct Impact Potential (minor to moderate impacts) 
- Temporary impact from stream crossings during construction 
- Permanent impact from stream / reservoir withdrawal 

 Indirect and Cumulative Impact Potential (minor to moderate impacts) 
- Water quality degradation due to increase in stormwater runoff 
- Water quantity and quality impacts from withdrawal 
- Alteration of natural hydrograph 
- Alteration of channel morphology  

 Direct and indirect impacts will be mitigated via local programs and ordinances. 

Groundwater Resources 

 Direct Impact Potential (negligible to major impacts) 
- Temporary impacts to during construction 
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- Permanent impact from groundwater withdrawal (Alternative 8) 
 Indirect and Cumulative Impact Potential (negligible to major impacts) 

- Potential for contamination leading to reduction in use for drinking water 
- Decrease in groundwater inflow reduces stream base flow, particularly during 

droughts  
 Direct and indirect impacts will be mitigated via local programs and ordinances. 

Shellfish or Fish and Their Habitats 

 Direct Impact Potential (minor impacts) 
- Temporary impacts to during construction 
- Permanent impact from stream withdrawal (Alternatives 4, 5 and 6) and low head 

dams (Alternative 5 only) 
 Indirect and Cumulative Impact Potential (minor impacts) 

- Aquatic habitat degradation 
- Change in stream morphology 
- Reduction in aquatic diversity 
- Reduction in long-term population sustainability  

 Direct and indirect impacts will be mitigated via local programs and ordinances. 

Forest Resources 

 Direct Impact Potential (minor impacts) 
- Temporary impacts to forest resources during construction 
- Permanent conversion to other land uses at pump stations, transmission lines, 

access roads, and WTP sites 
 Indirect and Cumulative Impact Potential (minor impacts) 

- Conversion to other land uses 
- Habitat fragmentation 
- Potential reduction in air quality 

 Direct and indirect impacts will be mitigated via local programs and ordinances. 

Wildlife and Natural Vegetation 

 Direct Impact Potential (minor impacts) 
- Temporary impacts to habitat during construction 
- Permanent impacts to habitat at pump station, access road, and WTP sites 

 Indirect and Cumulative Impact Potential (minor impacts) 
- Reduction in habitat 
- Habitat fragmentation 
- Reduction in species diversity and tolerance 
- Reduction in long-term population sustainability 

 Direct and indirect impacts will be mitigated via local programs and ordinances. 

Environmental Justice 

 Direct Impact Potential 
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- None to minor temporary disproportionate impacts to minority or low-income 
populations  

- No permanent impacts 
 Indirect and Cumulative Impact Potential 

- None 

Introduction of Toxic Substances 

 Direct Impact Potential (minor impacts) 
- Temporary increase in use of hazardous and toxic materials during construction 

 Indirect and Cumulative Impact Potential (negligible impacts) 
- Increase in likelihood of contamination 
- Negative impacts to human health  

 Direct and indirect impacts will be mitigated via local programs and ordinances. 

Table ES-1 on the following pages also provides a summary of the opinion of probable project 
costs associated with the YRWSP Alternatives. Cost opinions for Alternatives 9 and 10 were not 
developed, as Alternative 9 does not require new infrastructure or the use of land outside of the 
treatment facilities proposed by the other alternatives. Additionally, Alternative 10 has been 
eliminated from consideration based on current regulatory framework, thereby preventing it from 
meeting the project’s purpose and need. 
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Table ES-1 Summary of Temporary and Permanent Direct Impacts and Indirect Impacts for YRWSP Alternatives 

Environmental 
Resource 

Duration of 
Impact 

Alternative 1 

No-Action 
(12) 1A 1B 2A 2B 3A 3B 4 5 6 7 8 11 WTP A WTP B WTP C 

Topography 
and Geology 

Direct, 
Temporary 

No 
impacts 

Minor from 
pipe 

installation 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Minor from 
grading for 

construction 
of WTP 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Direct, 
Permanent 

No 
impacts 

Minor from 
grading for 
raw water 

intake, pump 
station and 
access road  

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Minor from 
grading for 
WTP, raw 

water intake, 
pump station 
and access 

road 

Same as 
Alternative 1A 

Minor from 
grading for 
low-head 
dam, raw 

water intake, 
pump station 
and access 

road 

Minor from 
grading for 
raw water 
intake and 

WTP 
expansion, 

pump station, 
and access 

road 

Minor from 
grading for 

pump station 
and access 

road 

Minor from 
grading for 
WTP and 

groundwater 
well 

installation 

Minor from 
grading for 
discharge, 

pump station 
and access 

road 

Minor from 
grading for 

WTP 

Same as 
WTP A 

Same as 
WTP A 

Indirect Same as 
Alternative 

1A 

Minor from 
new 

development 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Soils Direct, 
Temporary 

No 
impacts 

Minor from: 
o Impacts 

from land 
clearing, 

excavation 
and 

grading 
o Fuel, oil, 

and other 
emissions 

from 
construc-

tion 
vehicles 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Direct, 
Permanent 

No 
impacts 

Minor from 
construction of 

raw water 
intake, pump 
station, and 
access road 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Minor from 
construction 
of WTP, raw 
water intake, 
pump station, 
and access 

road 

Same as 
Alternative 1A 

Minor from 
construction 
of low-head 
dam, raw 

water intake, 
pump station, 
and access 

road 

Minor from 
construction 
of raw water 
intake and 

WTP 
expansion, 

pump station, 
and access 

road 

Minor from 
construction 

of pump 
station and 
access road 

Minor from 
construction 
of WTP and 
groundwater 

well 
installation 

Minor from 
construction 
of discharge, 
pump station, 
and access 

road 

Minor from 
construction 

of WTP 

Same as 
WTP A 

Same as 
WTP A 

Indirect Same as 
Alternative 

1A 

Minor from 
new 

development 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Land Use Direct, 
Temporary 

No 
impacts 

No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts 

Direct, 
Permanent 

No 
impacts 

Moderate from 
conversion of 

wooded/ 
undeveloped 

areas and 
residential, 

commercial, 
and 

agricultural 
uses to 

permanent 
utility use 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 
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Environmental 
Resource 

Duration of 
Impact 

Alternative 1 

No-Action 
(12) 1A 1B 2A 2B 3A 3B 4 5 6 7 8 11 WTP A WTP B WTP C 

Land Use 
(con’t) 

Indirect Same as 
Alternative 

1A 

Minor from 
new 

development 
 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Public Lands 
and Scenic, 
Recreational 
Areas, and 
State Natural 
Areas 

Direct, 
Temporary 

No 
impacts 

Minor to 5.3 
miles of bike 

routes and 7.2 
acres of other 

areas from 
transmission 

line 

Minor to 0.3 
mile of bike 
routes and 
6.5 acres of 
other areas 

from 
transmission 

line 

Minor to 14.0 
miles of bike 
routes and 
5.6 acres of 
other areas 

from 
transmission 

line 

Minor to 14.0 
miles of bike 
routes and 
9.4 acres of 
other areas 

from 
transmission 

line 

Minor to 46.5 
acres from 

transmission 
line 

Minor to 15.5 
acres from 

transmission 
line 

Minor to 0.5 
acre from 

transmission 
line 

Minor to 5.5 
acres from 

transmission 
line 

No impacts Minor to 0.6 
acre from 

transmission 
line 

Impacts from 
well field are 
not known 

Minor to10.6 
miles of bike 
routes and 
8.4 acres of 
other areas 

from 
transmission 

line 

No impacts No impacts Minor to 7.2 
acres from 

transmission 
line 

Direct, 
Permanent 

No 
impacts 

No impacts No impacts No impacts No impacts Minor to 0.5 
acre of Pee 
Dee River 

State Game 
Land from 

pump station 
and access 

road 

Minor to 0.8 
acre of Pee 
Dee River 

State Game 
Land from 

pump station 
and access 

road 

No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts 

Indirect Same as 
Alternative 

1A 

Minor from 
conversion of 
adjacent land 

uses 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Prime or 
Unique 
Agricultural 
Land 

Direct, 
Temporary 

No 
impacts 

Minor to 18.9 
acres from 

pipe 
installation  

Minor to 22.8 
acres from 

pipe 
installation 

Minor to 30.8 
acres from 

pipe 
installation 

Minor to 23.1 
acres from 

pipe 
installation  

Minor to 25.4 
acres from 

pipe 
installation 

Minor to 6.2 
acres from 

pipe 
installation  

Minor to 25.5 
acres from 

pipe 
installation 

No impacts Minor to 41.4 
acres from 

pipe 
installation 

Minor to 4.8 
acres from 

pipe 
installation 

Minor to 5.2 
acres from 

pipe 
installation 

 

Minor to 41.9 
acres from 

pipe 
installation 

No impacts Minor to 2.5 
acres from 

pipe 
installation 

 

Minor to 3.6 
acres from 

pipe 
installation 

 

Direct, 
Permanent 

No 
impacts 

No impacts No impacts No impacts Minor to less 
than 0.1 acre 
from pump 
station and 
access road 

No impacts Impact from 
WTP is not 

known 

Minor to 0.9 
acre from 

access road 

No impacts No impacts No impacts Impacts from 
WTP and well 
field are not 

known 

No impacts No impacts Impacts from 
WTP is not 

known 

Impacts from 
WTP is not 

known 

Indirect Same as 
Alternative 

1A 

Minor from 
conversion of 
agricultural 

land to 
residential and 

commercial 
use 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Areas of 
Archaeological 
or Historic 
Value 

Direct, 
Temporary 

No 
impacts 

 

ᴑ  No impacts 
to historic 

sites 
ᴑ  Impacts to 

archaeological 
resources 

unknown, but 
unlikely 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 
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Union County Public Works | Environmental Impact Statement 
 EXECUTIVE SUMMARY  

 

Environmental 
Resource 

Duration of 
Impact 

Alternative 1 

No-Action 
(12) 1A 1B 2A 2B 3A 3B 4 5 6 7 8 11 WTP A WTP B WTP C 

Areas of 
Archaeological 
or Historic 
Value 
(con’t) 

Direct, 
Permanent 

No 
impacts 

ᴑ  No impacts 
to historic 

sites 
ᴑ  Impacts to 

archaeological 
resources 

unknown, but 
unlikely 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Indirect Same as 
Alternative 

1A 

Minor from 
new 

development 
 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Air Quality Direct, 
Temporary 

No 
impacts 

Minor from 
increase in 

airborne 
particulates 

during project 
construction 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Direct, 
Permanent 

No 
impacts 

Negligible 
from 

intermittent 
generator 
operation 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Indirect Same as 
Alternative 

1A 

Minor from 
new 

development 
 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Noise Levels Direct, 
Temporary 

No 
impacts 

Minor 
nuisance 

noise 
associated 
with project 
construction 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Direct, 
Permanent 

No 
impacts 

Negligible 
from 

intermittent 
generator 
operation 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Indirect Same as 
Alternative 

1A 

Negligible 
from 

increased 
overall noise 

in service area 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Floodways and 
100 year 
Floodplains 

Direct, 
Temporary 

No 
impacts 

Minor impacts 
from 

construction to 
13.5 acres of 

100-year 
floodplain 

 

Minor 
impacts from 
construction 
to 32.2 acres 
of 100-year 
floodplain 

Minor impacts 
from 

construction 
to: 

ᴑ  1.6 acres 
of floodway 

ᴑ  21.2 acres 
of 100-year 
floodplain 

Minor impacts 
from 

construction 
to: 

ᴑ  1.0 acre of 
floodway 

ᴑ  19.9 acres 
of 100-year 
floodplain 

Minor impacts 
from 

construction 
to 86.9 acres 
of 100-year 
floodplain 

Minor impacts 
from 

construction 
to: 

ᴑ  6.7 acres 
of floodway 

ᴑ  49.3 acres 
of 100-year 
floodplain 

Minor impacts 
from 

construction 
to 33.4 acres 
of 100-year 
floodplain 

Minor impacts 
from 

construction 
to 1.7 acres 
of 100-year 
floodplain 

Minor impacts 
from 

construction 
to: 

ᴑ  0.6 acre of 
floodway 

ᴑ  7.6 acres 
of 100-year 
floodplain 

Minor impacts 
from 

construction 
to: 

ᴑ  0.2 acre of 
floodway 

ᴑ  4.7 acres 
of 100-year 
floodplain 

Minor impacts 
from 

construction 
to 0.2 acre of 

100-year 
floodplain 

Minor impacts 
from 

construction 
to: 

ᴑ  0.6 acre of 
floodway 

ᴑ  28.1 acres 
of 100-year 
floodplain 

No impacts No impacts Minor impacts 
from 

construction 
to 0.8 acre of 

100-year 
floodplain 
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Environmental 
Resource 

Duration of 
Impact 

Alternative 1 

No-Action 
(12) 1A 1B 2A 2B 3A 3B 4 5 6 7 8 11 WTP A WTP B WTP C 

Floodways and 
100 year 
Floodplains 
(con’t) 

Direct, 
Permanent 

No 
impacts 

Minor impacts 
to 0.1 acre of 

100-year 
floodplain 

Minor 
impacts to 
0.1 acre of 
100-year 
floodplain 

Minor impacts 
to 0.3 acre of 

100-year 
floodplain 

No impacts Minor impacts 
to 2.0 acres 
of 100-year 
floodplain 

Minor impacts 
to 2.0 acres 
of 100-year 
floodplain 

Minor impacts 
to 0.2 acre of 

100-year 
floodplain 

Minor impacts 
to 0.5 acre of 

100-year 
floodplain 

No impacts No impacts No impacts No impacts No impacts No impacts No impacts 

 Indirect Same as 
Alternative 

1A 

Negligible 
from: 

ᴑ  Potential 
loss of 100-

year floodplain 
from 

development 
ᴑ  Topography 
changes from 
development 
ᴑ  Isolation of 
floodplain due 

to stream 
channel 

entrenchment 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Wetlands Direct, 
Temporary 

No 
impacts 

No impacts Minor 
impacts to 

7.5 acres of 
forested 

wetland from 
transmission 

line 

Minor impacts 
to 0.6 acre of 

forested 
wetland from 
transmission 

line 

Minor impacts 
to 0.6 acre of 

forested 
wetland from 
transmission 

line 

Minor impacts 
from 

transmission 
line to: 

ᴑ  44.8 acres 
of forested 

wetland 
ᴑ  8.7 acres 

of non-
forested 
wetland 

Minor impacts 
from 

transmission 
line to: 

ᴑ  2.8 acres 
of forested 

wetland 
ᴑ  0.5 acre of 
non-forested 

wetland 

No impacts No impacts Minor impacts 
from 

transmission 
line to: 

ᴑ  0.5 acre of 
forested 
wetland 

ᴑ  0.1 acre of 
non-forested 

wetland 

Minor impacts 
from 

transmission 
line to 0.1 

acre of 
forested 
wetland 

No impacts 
from 

transmission 
line 

Impacts from 
well field are 
not known  

Minor impacts 
to 0.9 acre of 

forested 
wetland from 
transmission 

line 

No impacts No impacts No impacts 

Direct, 
Permanent 

No 
impacts 

No impacts Minor 
impacts to 
0.5 acre of 

forested 
wetland from 
transmission 

line 

No impacts No impacts Minor impacts 
to 3.2 acres 
of forested 

wetland from 
transmission 

line 

No impacts No impacts ᴑ No impacts 
associated 

with 
transmission 
line or pump 

station.  
ᴑ  Impacts 
due to low-
head dam 
unknown 

Minor impacts 
to less than 
0.1 acre of 

forested 
wetland from 
transmission 

line 

No impacts Minor impacts 
expected, but 
not quantified 

No impacts No impacts No impacts No impacts 

Indirect Same as 
Alternative 

A1 

Minor from: 
ᴑ  Wetland 

loss via 
development 

ᴑ  Loss of 
habitat and 

fragmentation 
ᴑ  Loss of 
wetland 

function from 
pollutant 
loading 

Same as 
Alternative 

A1 

Same as 
Alternative A1 

Same as 
Alternative A1 

Same as 
Alternative A1 

Same as 
Alternative A1 

Same as 
Alternative A1 

Same as 
Alternative A1 

Same as 
Alternative A1 

Same as 
Alternative A1 

Same as 
Alternative A1 

Same as 
Alternative A1 

Same as 
Alternative A1 

Same as 
Alternative A1 

Same as 
Alternative A1 
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Environmental 
Resource 

Duration of 
Impact 

Alternative 1 

No-Action 
(12) 1A 1B 2A 2B 3A 3B 4 5 6 7 8 11 WTP A WTP B WTP C 

Surface Water 
Resources 

Direct, 
Temporary 

No 
impacts 

Minor from 
transmission 

line to: 
ᴑ  2,848 feet 
of perennial 

streams from 
11 crossings 
ᴑ  11,014 feet 
of intermittent 
streams from 
20 crossings 
ᴑ  0.3 acre of 

buffer 

Minor from 
transmission 

line to: 
ᴑ  5,857 feet 
of perennial 

streams from 
14 crossings 

ᴑ  10,598 
feet of 

intermittent 
streams 
from 31 

crossings 
ᴑ  1.7 acre of 

buffer 

Minor from 
transmission 

line to: 
ᴑ  2,339 feet 
of perennial 

streams from 
11 crossings 
ᴑ  9,498 feet 
of intermittent 
streams from 
22 crossings 
ᴑ  1.0 acre of 

buffer 

Minor from 
transmission 

line to: 
ᴑ  1,914 feet 
of perennial 

streams from 
9 crossings 
ᴑ  9,572 feet 
of intermittent 
streams from 
27 crossings 
ᴑ  0.9 acre of 

buffer 

Minor from 
transmission 

line to: 
ᴑ  5,242 feet 
of perennial 

streams from 
20 crossings 
ᴑ  8,194 feet 
of intermittent 
streams from 
22 crossings 
ᴑ  4.1 acres 

of buffer 

Minor from 
transmission 

line to: 
ᴑ  4,634 feet 
of perennial 

streams from 
16 crossings 
ᴑ  7,683 feet 
of intermittent 
streams from 
24 crossings 
ᴑ  8.2 acres 

of buffer 

Minor from 
transmission 

line to: 
ᴑ  1,715 feet 
of perennial 

streams from 
7 crossings 

ᴑ  6,979 feet 
of intermittent 
streams from 
14 crossings 
ᴑ  11.6 acres 

of buffer 

Minor from 
transmission 
line to 1,343 

feet of 
intermittent 

streams from 
3 crossings 

Minor from 
transmission 

line to: 
ᴑ  1,509 feet 
of perennial 

streams from 
7 crossings 

ᴑ  3,913 feet 
of intermittent 
streams from 
18 crossings 
ᴑ  3.8 acres 

of buffer 

ᴑ  No impacts 
due to use of 

trenchless 
construction 
methods for 

installation of 
the 

installation 
line across 2 

perennial 
streams and 
7 intermittent 

streams 
ᴑ  6.4 acres 

of buffer 

Minor from 
transmission 

line to: 
ᴑ  407 feet of 

perennial 
streams from 
2 crossings 

ᴑ  1,530 feet 
of intermittent 
streams from 
5 crossings 

Minor from 
transmission 

line to: 
ᴑ  4,508 feet 
of perennial 

streams from 
18 crossings 
ᴑ  17,449 feet 
of intermittent 
streams from 
25 crossings 
ᴑ  3.7 acres 

of buffer 

No impacts Minor from 
transmission 
line to 1,438 

feet of 
intermittent 

streams from 
5 crossings 

Minor from 
transmission 
line to 3,426 

feet of 
intermittent 

streams from 
11 crossings 

Direct, 
Permanent   

No 
impacts 

Minor to: 
ᴑ  50 feet of 

Pee Dee River 
from raw 

water intake 
ᴑ  Less than 
0.1 acre of 
buffer from 
raw water 
intake and 

transmission 
line 

Minor to: 
ᴑ  50 feet of 

Pee Dee 
River for raw 
water intake 
ᴑ  0.1 acre of 

buffer  

Minor to: 
ᴑ  50 feet of 
Yadkin River 
for raw water 

intake 
ᴑ  0.1 acre of 

buffer 

Minor to: 
ᴑ  50 feet of 
Yadkin River 
for raw water 

intake 
ᴑ  0.1 acre of 

buffer 

Minor to: 
ᴑ  50 feet of 

Pee Dee 
River for raw 
water intake 
ᴑ  0.2 acre of 

buffer 
 

Minor to: 
ᴑ  50 feet of 

Pee Dee 
River for raw 
water intake 
ᴑ  0.3 acre of 

buffer 

Minor to: 
ᴑ  50 feet of 

Pee Dee 
River for raw 
water intake 
ᴑ  0.6 acre of 

buffer 

ᴑ  Minor 
impacts to 
100 feet of 

Rocky River 
for raw water 

intake and 
low-head 
dam or 

Ranney wells 
ᴑ  Unknown 
impacts to 

6,000 feet of 
Rocky River 
due to low-
head dam 

effects 

Minor to: 
ᴑ  50 feet of 

Catawba 
River for raw 
water intake 
expansion 

ᴑ  0.2 acre of 
buffer 

Minor impacts 
to 0.3 acre of 

buffer 

No impacts Minor to: 
ᴑ  50 feet of 

Pee Dee 
River for 

discharge  
ᴑ  0.2 acre of 

buffer 

No impacts No impacts No impacts 

Indirect Same as 
Alternative 

1A 

Minor from: 
ᴑ  Water 
quality 

degradation 
due to 

increase in 
stormwater 

runoff 
ᴑ  Alteration of 

natural 
hydrography 

ᴑ  Alteration of 
channel 

morphology 
ᴑ  Increased 

natural 
utilization of 

buffers due to 
increase in 
stormwater 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 
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Environmental 
Resource 

Duration of 
Impact 

Alternative 1 

No-Action 
(12) 1A 1B 2A 2B 3A 3B 4 5 6 7 8 11 WTP A WTP B WTP C 

Surface Water 
Quantity and 
Quality 

  Lake Levels 
- Aesthetics 

No 
Impacts 

Negligible to 
minor direct, 
permanent 
impacts to 
lake levels 

due to lower 
average lake 

elevations 

Same as 
Alternative 

1A 

Minor to 
moderate 

direct, 
permanent 
impacts to 
lake levels 
from water 
withdrawals 

Minor to 
moderate 

direct, 
permanent 
impacts to 
lake levels 
from water 
withdrawals 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Minor direct, 
permanent 
impacts to 
lake levels 

due to lower 
average lake 

elevations 

Minor to 
moderate 

direct, 
permanent 
impacts to 
lake levels 

due to lower 
average lake 

elevations 

Extent of 
impacts 

unknown; 
groundwater 
withdrawal 

likely to 
impact 

surface water 
through 

groundwater-
surface water 
interaction, 
similar to 

Alternative 1A  

Same as 
Alternative 1A 

No impacts No impacts No impacts 

 Lake Levels 
– Water 

Withdrawals 

No 
Impacts 

Negligible 
impact to 

water 
withdrawals 

based on 
restricted 

operation at 
lake located 

intakes 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Minor impact 
to water 

withdrawals 
based on 
restricted 

operation at 
lake located 

intakes 

Minor impact 
to water 

withdrawals 
based on 
restricted 

operation at 
lake located 

intakes 

Extent of 
impacts 

unknown; 
groundwater 
withdrawal 

likely to 
impact 

surface water 
through 

groundwater-
surface water 

interaction, 
similar to 

Alternative 1A 

Same as 
Alternative 1A 

No impacts No impacts No impacts 

 Reservoir 
Outflows 

No 
Impacts 

Negligible to 
minor direct, 
permanent 

impacts due to 
increased 

days below 
specified 
reservoir 

release values 

Same as 
Alternative 

1A 

Minor to 
moderate 

direct, 
permanent 

impacts due 
to increased 
days below 
specified 
reservoir 
release 
values 

Minor to 
moderate 

direct, 
permanent 

impacts due 
to increased 
days below 
specified 
reservoir 
release 
values 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Negligible 
impact to 
reservoir 
outflows 
based on 

days below 
specified 
reservoir 
release 
values 

Negligible to 
minor direct, 
permanent 

impacts due 
to increased 
days below 
specified 
reservoir 
release 
values 

Extent of 
impacts 

unknown; 
groundwater 
withdrawal 

likely to 
impact 

surface water 
through 

groundwater-
surface water 
interaction, 
similar to 

Alternative 1A 

Same as 
Alternative 1A 

No impacts No impacts No impacts 

 Water 
Quantity 

Mgmt 

No 
Impacts 

Negligible 
impact to 

water quantity 
management, 
based on time 
in LIP stages 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Minor impact 
to water 
quantity 

management, 
based on 
increased 

time in more 
severe LIP 

stages 

Minor to 
moderate 
impact to 

water quantity 
management, 

based on 
increased 

time in more 
severe LIP 

stages 

Extent of 
impacts 

unknown; 
groundwater 
withdrawal 

likely to 
impact 

surface water 
through 

groundwater-
surface water 

interaction, 
similar to 

Alternative 1A 

Same as 
Alternative 1A 

No impacts No impacts No impacts 
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Environmental 
Resource 

Duration of 
Impact 

Alternative 1 

No-Action 
(12) 1A 1B 2A 2B 3A 3B 4 5 6 7 8 11 WTP A WTP B WTP C 

Surface Water 
Quantity and 
Quality 
(con’t) 

Hydropower 
Generation 

No 
Impacts 

Negligible to 
minor direct, 
permanent 
impacts to 
lake levels 

due to lower 
average lake 

elevations 

Same as 
Alternative 

1A 

Minor to 
moderate 

direct, 
permanent 
impacts to 
lake levels 
from water 
withdrawals 

Minor to 
moderate 

direct, 
permanent 
impacts to 
lake levels 
from water 
withdrawals 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Minor direct, 
permanent 
impacts to 
lake levels 

due to lower 
average lake 

elevations 

Minor to 
moderate 

direct, 
permanent 
impacts to 
lake levels 

due to lower 
average lake 

elevations 

Extent of 
impacts 

unknown; 
groundwater 
withdrawal 

likely to 
impact 

surface water 
through 

groundwater-
surface water 
interaction, 
similar to 

Alternative 1A  

Same as 
Alternative 1A 

No impacts No impacts No impacts 

Groundwater 
Resources 

Direct, 
Temporary 

No 
impacts 

Negligible 
from 

construction of 
transmission 

line, raw water 
intake, pump 
station and 
access road 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Negligible 
from 

construction 
of 

transmission 
line, WTP, 
raw water 

intake, pump 
station and 
access road 

Same as 
Alternative 1A 

Negligible 
from 

construction 
of 

transmission 
line, low-head 

dam, raw 
water intake, 
pump station 
and access 

road 

Negligible 
from 

construction 
of 

transmission 
line, raw 

water intake 
and WTP 

expansion, 
pump station, 
and access 

road 

Negligible 
from 

construction 
for 

transmission 
line, pump 

station, and 
access road 

Negligible 
from 

construction 
of 

transmission 
line, WTP, 

and 
groundwater 

well 
installation 

Negligible 
from 

construction 
of 

transmission 
line, 

discharge, 
pump station, 
and access 

road 

Negligible 
from 

construction 
of WTP 

Negligible 
from 

construction 
of WTP and 
transmission 

line 

Negligible 
from 

construction 
of WTP and 
transmission 

line 

Direct, 
Permanent 

No 
impacts 

No impacts No impacts No impacts No impacts No impacts No impacts Moderate if 
Ranney well 

option is 
selected 

Moderate if 
Ranney well 

option is 
selected 

No impacts No impacts Major from 
extraction of 
28 mgd of 
raw water 
from 1,295 

wells 

No impacts No impacts No impacts No impacts 

Indirect Same as 
Alternative 

1A 

Minor from: 
 ᴑ  Potential 

for 
contamination 

leading to 
reduction in 

use for 
drinking water 
ᴑ  Reduction 

in 
groundwater 

inflow 
contribution to 
stream base 

flow, 
particularly 

during 
droughts 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Shellfish or Fish 
and Habitats 

Direct, 
Temporary 

No 
impacts 

Minor from 
erosion and 

sedimentation 
during 

construction 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Negligible 
from erosion 

and 
sedimentation 

during 
construction 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 7 

Same as 
Alternative 1A 

Same as 
Alternative 1A 
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Environmental 
Resource 

Duration of 
Impact 

Alternative 1 

No-Action 
(12) 1A 1B 2A 2B 3A 3B 4 5 6 7 8 11 WTP A WTP B WTP C 

Shellfish or Fish 
and Habitats 
(con’t) 

Direct, 
Permanent 

No 
impacts 

Minor from 
raw water 

intake 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Minor from 
low-head 

dam and raw 
water intake 

Same as 
Alternative 1A 

No impacts Anticipated to 
be negligible 

from 
infrastructure 

footprint 

Minor from 
discharge 

No impacts Same as 
Alternative 8 

Same as 
Alternative 8 

 Indirect Same as 
Alternative 

1A 

Minor from: 
ᴑ  Aquatic 

habitat 
degradation 
ᴑ  Change in 

stream 
morphology 
ᴑ  Reduction 

in aquatic 
diversity 

ᴑ  Reduction 
in long-term 
population 

sustainability 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Forest 
Resources 

Direct, 
Temporary 

No 
impacts 

Minor impacts 
to 130 acres 

for 
transmission 

corridor 

Minor 
impacts to 

226 acres for 
transmission 

corridor 

Minor impacts 
to 129 acres 

for 
transmission 

corridor 

Minor impacts 
to: 

ᴑ  126 acres 
for 

transmission 
corridor 

ᴑ  1 acre for 
access road 

Minor impacts 
to: 

ᴑ  325 acres 
for 

transmission 
corridor 

ᴑ  Less than 
1 acre for 

access road 

Minor impacts 
to: 

ᴑ  116 acres 
for 

transmission 
corridor 

ᴑ  Less than 
1 acre for 

access road 

Minor impacts 
to 121 acres 

for 
transmission 

corridor 

Minor impacts 
to 4 acres for 
transmission 

corridor 

Minor impacts 
to 56 acres 

for 
transmission 

corridor 

Minor impacts 
to 34 acres 

for 
transmission 

corridor 

Minor impacts 
to 14 acres 

for 
transmission 

corridor 
Impacts from 
WTP and well 
field are not 

known 

Minor impacts 
to 163 acres 

for 
transmission 

corridor 

No impacts Minor impacts 
to 18 acres 

for 
transmission 

corridor 

Minor impacts 
to 27 acres 

for 
transmission 

corridor 

Direct, 
Permanent 

No 
impacts 

Minor impacts 
to 11 acres for 
transmission 

corridor 

Minor 
impacts to 18 

acres for 
transmission 

corridor 

Minor impacts 
to 1 acre for 
transmission 

corridor 

Minor impacts 
to: 

ᴑ  9 acres for 
transmission 

corridor 
ᴑ  Less than 
0.5 acre for 

pump station 
ᴑ  Less than 
0.5 acre for 
access road 

Minor impacts 
to: 

ᴑ  27 acres 
for 

transmission 
corridor 

ᴑ  Less than 
0.5 acre for 

pump station 
ᴑ  Less than 
0.5 acre for 
access road 

Minor impacts 
to: 

ᴑ  3 acres for 
transmission 

corridor 
ᴑ  Less than 
0.5 acre for 

pump station 
ᴑ  Less than 
0.5 acre for 
access road 
ᴑ  Impacts 

not known for 
WTP 

Minor impacts 
to: 

ᴑ  11 acres 
for 

transmission 
corridor 

ᴑ  Less than 
0.5 acre for 

pump station 

Minor impacts 
to less than 
0.5 acre for 

transmission 
corridor 

Minor impacts 
to 7 acres for 
transmission 

corridor 

Minor impacts 
to 3 acres for 
transmission 

corridor 

Minor impacts 
to: 

ᴑ  1 acre for 
transmission 

corridor 
ᴑ  Impacts 

not known for 
WTP or well 

field 

Minor impacts 
to 13 acres 

for 
transmission 

corridor 

Impacts not 
known for 

WTP 

Minor impacts 
to: 

ᴑ  1 acre for 
transmission 

corridor 
ᴑ  Impacts 

not known for 
WTP 

Minor impacts 
to: 

ᴑ  2 acres for 
transmission 

corridor 
ᴑ  Impacts 

not known for 
WTP 

Indirect Same as 
Alternative 

1A 

Minor from: 
ᴑ  Conversion 
to other land 

uses 
ᴑ  Habitat 

fragmentation 
ᴑ  Potential 
reduction in 
air quality 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 
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Environmental 
Resource 

Duration of 
Impact 

Alternative 1 

No-Action 
(12) 1A 1B 2A 2B 3A 3B 4 5 6 7 8 11 WTP A WTP B WTP C 

Wildlife and 
Natural 
Vegetation 

Direct, 
Temporary 

No 
impacts 

ᴑ  Minor 
during 

construction in 
project areas 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 
unknown 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Direct, 
Permanent 

No 
impacts 

ᴑ  Minor with  
less than 30 

percent of the 
total project 

corridor 
located on 

forested land 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

Minor with  
30 percent 

and fifth 
largest 

impact on 
wildlife 
habitat 

based on the 
percentage 

of total 
project 
corridor 

located on 
forested land 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

Minor with 
less than 25 

percent of the 
total project 

corridor 
located on 

forested land 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

Minor with 
less than 20 

percent of the 
total project 

corridor 
located on 

forested land 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

Minor with 36 
percent and 

second 
largest impact 

on wildlife 
habitat based 

on 
percentage of 
total project 

corridor 
located on 

forested land 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

Minor with 37 
percent and 

largest impact 
on wildlife 

habitat based 
on 

percentage of 
total project 

corridor 
located on 

forested land 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

Minor with  35 
percent and 

fourth largest 
impact on 

wildlife 
habitat based 

on 
percentage of 
total project 

corridor 
located on 

forested land 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

Minor with 
less than 25 
percent of 

total project 
corridor 

located on 
forested land  
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

Minor with  35 
percent and 
third largest 
impact on 

wildlife 
habitat based 

on 
percentage of 
total project 

corridor 
located on 

forested land 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

Minor with 
less than 25 
percent of 

total project 
corridor 

located on 
forested land 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

Minor with 
less than 20 
percent of 

total project 
corridor 

located on 
forested land 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

Minor with 
less than 25 
percent of 

total project 
corridor 

located on 
forested land 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

Minor with 30 
percent of 
total WTP 

area located 
on forested 

land 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

Minor with 
less than 30 
percent of 

total project 
corridor and 
65 percent of 
the total WTP 
area located 
on forested 

land 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

Minor with 
less than 35 
percent of 

total project 
corridor and 
less than 30 
percent of 
total WTP 

area located 
on forested 

land 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

Indirect Same as 
Alternative 

1A 

Minor from: 
ᴑ  Reduction 

in habitat 
ᴑ  Habitat 

fragmentation 
ᴑ  Reduction 

in species 
diversity and 

tolerance 
ᴑ  Reduction 
in long-term 
population 

sustainability 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 
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Environmental 
Resource 

Duration of 
Impact 

Alternative 1 

No-Action 
(12) 1A 1B 2A 2B 3A 3B 4 5 6 7 8 11 WTP A WTP B WTP C 

Environmental 
Justice 

Direct, 
Temporary 

No 
impacts 

No dis-
proportionate 

impacts to 
minority or 
low-income 
populations  

No dis-
proportionate 

impacts to 
minority or 
low-income 
populations  

No dis-
proportionate 

impacts to 
minority or 
low-income 
populations 

ᴑ No dis-
proportionate 

impacts to 
minority or 
low-income 
populations 

ᴑ Minor dis-
proportionate 
impacts from 
9.4 miles of 
pipe corridor 
traversing 3 
block groups 
with minority 
populations 
greater than 
50 percent 

ᴑ No 
disproportion
ate impacts to 

low-income 
populations  

Minor dis-pro-
portionate 

impacts as 10 
of 15 block 
groups in 

which pipe 
corridor is 

located are 
comprised of 

minority 
populations 
greater than 
50 percent 

ᴑ No 
disproportion
ate impacts to 

low-income 
populations 

ᴑ No dis-
proportionate 

impacts to 
minority or 
low-income 
populations 

No dis-
proportionate 

impacts to 
minority or 
low-income 
populations  

ᴑ No dis-
proportionate 

impacts to 
minority or 
low-income 
populations 

No dis-
proportionate 

impacts to 
minority or 
low-income 
populations 

ᴑ Minor dis-
proportionate 
impacts from 

well field 
having two 

block groups 
with minority 
populations 
greater than 
50 percent 

ᴑ No 
disproportion
ate impacts to 

low-income 
populations  

Minor dis-
proportionate 
impacts from 
pipe corridor 

traversing 
one block 

group 
comprised of 

minority 
population 

greater than 
50 percent 

ᴑ No 
disproportion
ate impacts to 

low-income 
populations 

No dis-
proportionate 

impacts to 
minority or 
low-income 
populations 

No dis-
proportionate 

impacts to 
minority or 
low-income 
populations 

No dis-
proportionate 

impacts to 
minority or 
low-income 
populations 

Direct, 
Permanent 

No 
impacts 

No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts 

Indirect No 
impacts 

No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts 

Introduction of 
Toxic 
Substances 

Direct, 
Temporary 

Same as 
Alternative 

1A 

Minor from 
increase in 
storage and 

use of 
hazardous 
and toxic 

materials, and 
generation 

and disposal 
of hazardous 
waste during 
construction 

activities 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

 Direct, 
Permanent 

Same as 
Alternative 

1A 

Minor from 
increase in 
storage and 

use of 
hazardous 
and toxic 

materials, and 
generation 

and disposal 
of hazardous 
waste during 
operations 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 
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Environmental 
Resource 

Duration of 
Impact 

Alternative 1 

No-Action 
(12) 1A 1B 2A 2B 3A 3B 4 5 6 7 8 11 WTP A WTP B WTP C 

Introduction of 
Toxic 
Substances 
(con’t) 

Indirect Same as 
Alternative 

1A 

Minor from: 
ᴑ  Increase in 
likelihood of 

contamination 
ᴑ  Impacts to 
human health 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Total Project 
Cost 

  $239.7 M Costs similar 
to Alternative 
1A 

$294.1 M $294.0 M $282.2 M $248.9 M $332.2 M $190.6 M $252.0 M $261.1 M $294.6 M $377.2 M    

1 It should be noted Alternative 9 is located exclusively within areas currently in use as water treatment facilities. This alternative does not require new infrastructure or the use of land outside of the treatment facilities, so direct impacts to natural resources are not anticipated. As such, a discussion of direct 
impacts for Alternative 9 is not provided. Alternative 10, direct potable reuse, is also not assessed in this evaluation due to this alternative being eliminated from consideration based on current regulatory framework. 
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Discussion of Preferred Alternative 
Alternative 1A is designated as the Preferred Alternative after a thorough assessment of each 
alternative’s ability to meet the project’s purpose and need of delivering a safe, sustainable 
water supply to meet the County’s current and future water demands in their Yadkin River Basin 
Service Area, as well as the associated environmental impacts, mitigation measures, technical 
feasibility, financial impacts, and political and community acceptance. Alternative 1A includes 
the withdrawal of water from Lake Tillery in the Yadkin River IBT Basin and the transfer of this 
water into the Rocky River IBT Basin in Union County for treatment and distribution. A portion of 
the water will be returned via treated wastewater effluent back through the Rocky River into the 
Pee Dee River approximately five miles downstream from the Lake Tillery dam.   

Alternative 1A, in conjunction with the existing grandfathered IBT from the Catawba River Basin, 
is capable of delivering the stated 28.9 mgd 30-year maximum month (23.0 mgd from the 
Yadkin River Basin, supplemented by up to 5.9 mgd from the existing Catawba supply) and 35.3 
mgd maximum day demands (28.0 mgd from the Yadkin River Basin, supplemented by up to 
7.3 mgd from the existing Catawba supply) of Union County. The water modeling efforts 
completed for this EIS indicate that withdrawal from Lake Tillery has less impact on lake 
aesthetics and other water withdrawal interests, including during drought conditions and 
hydropower production, than withdrawal of water from other locations along the main stem of 
the Yadkin-Pee Dee River. The environmental impacts of Alternative 1A are similar, or 
significantly less, than the other alternatives evaluated. Mitigation measures are in place 
throughout the proposed service area to mitigate these environmental impacts.   

The cost of developing a water supply solution for Union County’s Yadkin River Basin Service 
Area is significant and represents the largest future capital expenditure for the County over the 
next twenty years. Alternative 1A represents one of the lowest cost project alternatives and has 
been determined to be a financially feasible option for this water supply. In developing this 
project, Union County held discussions with numerous entities along the Yadkin-Pee Dee River 
regarding potential partnerships for water supply. Of all those contacted, the Town of Norwood 
was the only political jurisdiction who expressed a desire to participate in a partnership with 
mutual benefits for both parties. Currently, Union County and the Town of Norwood have an 
Interlocal Intake and Transmission Agreement in place for water withdrawal from a common raw 
water intake in Lake Tillery at the site of the Town of Norwood’s current intake. Additionally, 
regional partnership for water supply between the Town of Norwood and Union County easily 
makes the most politically acceptable alternative. 

Table ES-2 provides a brief, practical review of the key differentiators between alternatives and 
the rationale for selecting the Preferred Alternative. As illustrated and summarized in this table, 
Alternative 1A is recommended as the Preferred Alternative for Union County’s Yadkin River 
Water Supply Project. 

  

ES-23 
 



Union County Public Works | Environmental Impact Statement 
 EXECUTIVE SUMMARY  

 

Table ES-2 Review of Key Differentiators for Project Alternatives 

Alt. Description Key Differentiators in Comparison to Alternative 1 
1A Lake Tillery to 

Union County Preferred Alternative 
1B Lake Tillery to 

Union County 
 Longer raw water transmission lengths with greater environmental impacts. 
 More costly than Preferred Alternative. 

2A, 2B Narrows Reservoir 
(2A) or 
Tuckertown 
Reservoir (2B) to 
Union County 

 More significant consequences for water interests in the Yadkin River Basin 
including lake elevations, reservoir discharges, hydropower generation and 
surface water quality. 

 Less politically acceptable. 
 Longer raw water transmission lengths. 
 More costly/cost prohibitive. 

3A, 3B Blewett Falls 
Reservoir to Union 
County via 
Alternative 
Transmission 
Routes (3A, 3B) 

 More significant consequences for water interests in the Yadkin River Basin 
including reservoir discharges during drought periods. 

 Less politically acceptable. 
 Longer raw water transmission lengths. 
 More costly/cost prohibitive. 

4 Pee Dee River to 
Union County 

 More significant environmental consequences associated with raw water 
storage (i.e. terminal reservoir). 

 Source water not classified for public drinking water supply by NC. 
 Is cost prohibitive. 

5 Rocky River to 
Union County 

 May not meet the purpose and need for overall water demand. 
 Source water not classified as a drinking water source by NC. 
 More significant environmental consequences associated with raw water 

collection (i.e. low head dam) and storage (i.e. terminal reservoir). 
6 Catawba River to 

Union County via 
Existing Catawba 
River Water 
Supply Project 

 Places additional demands on existing high-demand surface waters 
 More significant environmental consequences for surface water quantity and 

quality interests in the Catawba River Basin, as indicated in Table ES-1. 
 Likely would not be acceptable from a political/community perspective. 
 More costly than Preferred Alternative. 

7 Catawba River to 
Union County via 
Charlotte Water’s 
Mountain Island 
Lake Withdrawal 

 Places additional demands on existing high-demand surface waters 
 More significant environmental consequences for surface water quantity and 

quality interests in the Catawba River Basin, as indicated in Table ES-1. 
 Likely would not be acceptable from a political/community perspective. 
 More costly than Preferred Alternative. 

8 Groundwater 
Supply 

 Has more significant environmental consequences associated with 
magnitude of groundwater well system. 

 Requires extensive, prohibitive land acquisition to meet purpose and need. 
 Is cost prohibitive. 

9 Water Demand 
Management and 
Conservation 

 Does not meet the purpose and need. 
 Demand management and conservation reflected in historical water demand 

and future projections for Union County. 
10 Direct Potable 

Reuse 
 Does not meet the purpose and need since no regulatory framework exists 

to make this alternative possible in North Carolina. 
 Likely cost prohibitive and not accepted politically or by the community. 

11 Alternative 1 with 
Wastewater 
Returns to Lake 
Tillery 

 Has greater environmental consequences associated with wastewater return 
transmission mains and treated effluent discharge to Lake Tillery. 

 Provides little additional environmental benefits. 
 Is cost prohibitive from a capital cost perspective; would have long-term cost 

and environmental impacts from continuous pumping of wastewater effluent. 
12 No Action 

Alternative 
 Does not meet purpose and need. 
 Development and population growth within the County will continue to occur, 

but with less planning and mitigation. 
 Additional strains put on other water supply sources (e.g. groundwater).  
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1.0 PURPOSE AND NEED 
1.1. Introduction and Background 
In late 2011, Union County (County), through its Public Works Department (UCPW), completed 
a Comprehensive Water and Wastewater Master Plan (Black & Veatch, December 2011). This 
Master Plan and subsequent water supply studies outline future needs for additional water 
supply in the County’s current and future service areas, and presents alternative scenarios for 
securing new water supply from the Catawba and/or Yadkin River Basins. 

UCPW understands the complexities of delivering additional water supply to its customers due 
to the County’s geography and development patterns (i.e., population centers, proximity to 
water sources, and river basin boundaries) as well as the regulatory restrictions/hurdles that 
exist for Interbasin Transfers (IBTs).    

In May 2013, the County and the Town of Norwood completed an Interlocal Intake and 
Transmission Agreement that provided a framework for bringing raw water supply from the 
Yadkin River Basin into Union County’s Yadkin River Basin Service Area. This service area lies 
within the Rocky River IBT Basin, which is a part of the greater Yadkin River Basin. 

The County is now moving forward with the Yadkin River Water Supply Project (YRWSP) to 
ensure long-term, sustainable water supply to its current, and projected, future service areas in 
the Yadkin River Basin. This effort includes securing the required regulatory permits and 
approvals for delivering additional water to the County’s customers in the Rocky River IBT 
Basin, including the evaluation of alternative scenarios that consider new water supply into this 
area from various sources. Under the current legislative and regulatory framework, the County 
must obtain an IBT certificate for this project. 

1.2. Purpose of Proposed Action 
Union County has seen significant growth over the past two decades and is expected to 
continue to have steady growth and development into the foreseeable future. In response to this 
growth, the County has worked diligently to meet the increasing demands for public water 
supply and other services. Further, the County has completed an extensive water supply 
planning effort, and has identified opportunities to provide a long-term, sustainable water supply 
solution for its citizens and community. 

The Union County Water System currently serves customers in both the Catawba River Basin 
(Catawba River Basin Service Area) and the Rocky River IBT Basin (Yadkin River Basin 
Service Area) of the Yadkin River Basin as illustrated in Figure 1-1 (All maps and “figures” 
referenced within this document are located in Appendix A). The ridgeline between the Catawba 
River Basin and Yadkin River Basin divides the County, with neither of these two major rivers 
flowing within the County boundaries 

The County currently holds a 5 million gallons per day (mgd) authorized transfer (i.e., a 
grandfathered IBT amount) of water from the Catawba River Basin to the Rocky River IBT 
Basin. This value is based upon the definition of a grandfathered IBT as stipulated in North 

1 



Union County Public Works | Environmental Impact Statement 
PURPOSE AND NEED  

 

Carolina Administrative Code 15A NCAC 02E .0401(d) where an IBT certificate is not required 
to transfer water from one river basin to another up to the full capacity of a facility to transfer 
water from one basin to another if the facility was existing or under construction on July 1, 1993. 
The full capacity of a facility to transfer water shall be determined as the capacity of the 
combined system of withdrawal, treatment, transmission, and discharge of water, limited by the 
element of this system with the least capacity as existing or under construction on July 1, 1993. 
The County’s 5 mgd authorized transfer from the Catawba River Basin to the Rocky River IBT 
Basin is based upon the capacity of the water transfer infrastructure which was in place within 
the County as of July 1, 1993, as documented in the County’s Grandfathered IBT Worksheet 
prepared by CH2MHill on behalf of the County and submitted to the North Carolina Division of 
Water Resources (DWR) on October 19, 2000.  This authorized transfer is referred to herein as 
the grandfathered IBT amount. 

To maintain compliance with the Catawba River Basin grandfathered IBT, the County currently 
returns a portion of the transferred water back into the Catawba River Basin via the Poplin Road 
wastewater pumping station. The County also has plans to build scalping infrastructure to allow 
the capability to return additional water to the Catawba River Basin via the Crooked Creek 
Wastewater Treatment Plant. Additionally, the County currently holds a water purchase 
agreement (which is up for renewal in 2017) with Anson County for 4 mgd of water supply that is 
utilized in the County’s Yadkin River Basin Service Area. 

Water needs in the County’s Yadkin River Basin Service Area are projected to increase from a 
current maximum month average daily demand of 7.7 mgd to 28.9 mgd by 2050 (equivalent to a 
current maximum daily demand of 9 mgd to 35.3 mgd by 2050). The County’s current 
grandfathered IBT from the Catawba River Basin and the Anson County water supply are not 
capable of meeting the projected future demand within the Rocky River IBT Basin; and 
therefore, the County must secure a reliable water supply from other sources to meet its future 
demand in this service area. 

1.3. Description of Proposed Action 
Union County is pursuing an IBT certificate to meet the water supply needs of its current and 
future residents, and on behalf of the wholesale communities served by the County. On August 
12, 2013, the County submitted a Notice of Intent to the North Carolina Environmental 
Management Commission (EMC) regarding its request for an IBT for a maximum month 
average daily amount of 23 mgd (equivalent to a maximum day amount of 28 mgd) from the 
Yadkin River IBT Basin (Basin code 18-1) to the Rocky River IBT Basin (Basin code 18-4), both 
of which are part of the Yadkin River Basin. While these two IBT basins are each part of the 
primary Yadkin River Basin, North Carolina IBT statute considers these two IBT basins as 
separate, and the proposed water transfer to be an interbasin transfer. Pursuant to statutory 
requirements, the County conducted three public meetings to date as part of the scoping 
process. 

The requested amount is based on 2050 water demand projections in the County’s Yadkin River 
Basin Service Area. The intent of this IBT is to supplement the County’s existing water supply 
sources to meet projected water demands through 2050. Illustration 1-1 depicts the County’s 
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current (2012) and projected future water use, including authorized and requested IBT amounts 
within their Yadkin River Basin Service Area. This illustration additionally outlines how this future 
water demand is anticipated to be met through the year 2050. “Illustrations” are the graphical 
images depicted throughout the text of this document and are referenced accordingly. 

 
Illustration 1-1 Union County Yadkin River Basin Service Area Projected Water Supply and Demand 

1.4. Description of Service Area 
The Project Area is dependent upon the water supply source location evaluated, but generally 
consists of the point of water withdrawal from the source river basin (proposed as the Yadkin 
River IBT Basin of the Yadkin River Basin), the raw water transmission route (in both the Yadkin 
River IBT Basin and Rocky River IBT Basin of the Yadkin River Basin), and the water treatment 
site and route of the finished water distribution system (in Union County, within the Rocky River 
IBT Basin of the Yadkin River Basin). 

Figure 1-1 depicts the extent of current supply to the County’s water system service areas, while 
Figure 1-2 depicts the current pressure zones. Portions of the areas of the 853 (West, and 
South) and 935 pressure zones within the County’s Yadkin River Basin Service Area (Rocky 
River IBT Basin) are currently served with water from the Catawba River Basin via Union 
County’s existing grandfathered IBT for the Catawba River Water Supply Project. These areas 
are noted accordingly. 
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Figure 1-3 depicts the potential extent of future supply to the County’s water system service 
area, while Figure 1-4 depicts the potential future pressure zones. Areas of several pressure 
zones within the County’s Yadkin River Basin Service Area (Rocky River IBT Basin) currently 
served with water from Catawba River Basin via Union County’s existing grandfathered IBT for 
the Catawba River Water Supply Project, as indicated in Figure 1-2, are shown in Figure 1-4 
with an intent to be served in the future by the Yadkin River Water Supply Project’s IBT being 
evaluated in this EIS. Additional areas for potential future service areas not currently served by 
the County are also identified in Figure 1-4. The Union County water system does not currently 
serve the City of Monroe or Town of Marshville.  

However, beginning in 2014, Union County has a contract agreement to supply the City of 
Monroe up to 1.99 mgd of treated water on an as-needed wholesale basis from the County’s 
Catawba River Water Treatment Plant, if requested by Monroe. The physical infrastructure for 
this interconnection is located in the Catawba River Basin southeast of the Charlotte-Monroe 
Executive Airport, and is and will continue to be served by water originating from Union County's 
Catawba River Water Supply Project. Furthermore, the City of Monroe owns the physical 
infrastructure (finished water line) crossing the Catawba-Yadkin basin boundary, and the 
maximum transfer by contract is 1.99 MGD, which is below the State's regulated IBT threshold. 
Therefore, this wholesale does not constitute an IBT for Union County or Monroe, and does not 
relate to the County's proposed Yadkin River Water Supply Project. 

The intent of the Union County’s proposed Yadkin River Water Supply Project is to more closely 
align the County’s Yadkin/Catawba Basin supply boundary with the Yadkin/Catawba Basin 
geographic boundary. 

1.5. Summary of Need for Proposed Action 
Adequate water supply can be determined by comparing the existing available supply of current 
sources to projected future water demands within Union County’s Yadkin River Basin Service 
Area. Existing water supplies available to the County’s Yadkin River Basin Service Area include 
a 5 mgd grandfathered IBT limitation for the transfer of water from the Catawba River Basin to 
the Yadkin River Basin through finished water provided from the Catawba River Water 
Treatment Plant in Lancaster County, South Carolina, and an additional water supply of up to 4 
mgd provided through a contract with Anson County to supply finished water from the Yadkin 
River Basin. 

Union County’s water needs within its Yadkin River Basin Service Area are projected to exceed 
available supply limits by the Year 2020 and increase from a current maximum month average 
daily demand of 7.7 mgd to 28.9 mgd by the Year 2050. The County’s current grandfathered 
IBT from the Catawba River Basin through the Catawba River Water Treatment Plant and 
existing contract with Anson County for finished water supply are not capable of meeting the 
projected future demand within this service area. Union County is currently approaching its 
grandfathered IBT limit from the Catawba River Basin, and the initial term of their existing water 
supply contract with Anson County expired in 2012 and is currently under an auto-renewing 
cycle up for renewal in 2017, which could be terminated by either party if notice is given to the 
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other party. Furthermore, the County is experiencing significant capacity limitations which exist 
in water delivery infrastructure from Anson County. 

While some of Union County’s projected demand is anticipated to continue to be met by the 
grandfathered Catawba River Basin IBT, this limit is anticipated to be reached within the next 
five years. As a result, the County must evaluate options to secure a reliable water supply from 
other sources to meet its future demand in the Rocky River IBT Basin. It is for this reason that 
Union County requests an IBT certificate to transfer up to 23 mgd of raw water from the Yadkin 
River IBT Basin (Basin code 18-1) to the Rocky River IBT Basin (Basin code 18-4) of the Yadkin 
River Basin, as calculated on a maximum month daily average demand (MMDD). 
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2.0 INTERBASIN TRANSFER REQUEST 
Surface water transfers within North Carolina are regulated by North Carolina Statute G.S. 
143.215.22L and North Carolina Administrative Code 15A NCAC 02E .0401. Modifications to 
G.S. 143-215.22L made through North Carolina Session Law 2013-388 now require an 
interbasin transfer (IBT) certificate from the North Carolina Environmental Management 
Commission (EMC) for new water transfers of 2 mgd or more, calculated as a daily average of a 
calendar month (maximum month average daily demand [MMDD]) and not to exceed 3 million 
gallons in any one day, from one river basin to another. IBT certificates are also required if an 
existing water transfer is increased by 25-percent or more above the average daily amount 
transferred during the year ending July 1, 1993 if the total transfer, including the increase, is 2 
mgd or more per day. Finally, IBT certificates are also required if an existing transfer of water 
from one river basin to another is increased above a “grandfathered” amount previously defined 
by statute and determined by NCDENR. 

Union County’s need for an IBT certificate to transfer water from the Yadkin River IBT Basin to 
the Rocky River IBT Basin is founded on three basic conditions: 

1) Union County is geographically isolated from any major water supply source (i.e. the 
Yadkin-Pee Dee and Catawba-Wateree Rivers and surface water reservoirs). The ridge-
line between the Yadkin-Pee Dee and Catawba-Wateree River Basins runs directly 
through Union County and, as such, these water supply sources are located outside of 
the County, with the Yadkin-Pee Dee River to the east and the Catawba-Wateree River 
to the west. The only existing large surface water source within Union County is the 
Rocky River, forming the northern border of Union County, with Cabarrus and Stanly 
Counties. However, this water source is not currently classified by the State of North 
Carolina for use as a public water supply. 

2) Projected population growth within the roughly two-thirds of the County’s land area 
located in the Yadkin River Basin (Rocky River IBT Basin) necessitates that the County 
have access to a reliable water supply source of sufficient quantity to serve its existing 
and future customers in this service area. 

3) Based on current and projected water demands in Union County’s Yadkin River Basin 
Service Area (Rocky River IBT Basin), its existing 5 mgd authorized water transfer from 
the Catawba River Basin to the Rocky River IBT Basin is insufficient to meet both near 
term and long term future water demands in this service area. Union County recognizes 
the need to secure a reliable water source from within the Yadkin River Basin to service 
its customers within the same primary river basin (albeit a different IBT basin 
designation), as opposed to increasing its IBT transfer from the Catawba River Basin.  

2.1. Union County Water Supply and Distribution 
The County’s primary water supply and production is delivered from the Catawba River Water 
Supply Project (CRWSP) in Lancaster County, SC. Additional water supply is provided from the 
east from Anson County, NC. The CRWSP joint venture includes the Catawba River Water 
Treatment Plant (CRWTP) which is a regional water treatment facility with a permitted operating 
capacity of 36 mgd. Union County, NC, and Lancaster County Water and Sewer District, SC, 
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have 50 percent ownership rights of the facilities. Both owners have current ownership of 18 
mgd capacity from the CRWTP. With the County’s ownership stake in this plant, issues of 
reliability and water quality are proactively addressed by direct negotiation and funding of 
necessary improvements with an owner’s share of the costs. Union County has leased an 
additional 3 mgd of treatment capacity from Lancaster County’s capacity allocation in the 
CRWTP. This additional capacity, however does not address the existing IBT limitation in the 
Rocky River IBT Basin, but rather seeks to secure additional capacity to serve Union County 
customers in their Catawba River Basin Service Area. 

The CRWSP is currently in the planning stages of another expansion. Based upon current 
demand projections for both owners, additional plant capacity will be needed sometime between 
2018 and 2022. Once completed, Union County’s portion of the treatment capacity will be 27 
mgd. Other improvements currently being permitting for construction at this facility include a 
new river pump station and intake, a new 92-acre off-stream reservoir (1.094 billion gallon 
storage capacity), and reservoir pump station to provide a drought buffer during periods of low 
flow in the Catawba River. An additional expansion of this facility is expected to be needed by 
2040 to provide up to 36 mgd of capacity to Union County. Despite the planned expansions at 
the CRWTP, which are needed to meet the growing demand of the County’s customers in their 
Catawba River Basin Service Area, such expansions do not directly address the projected 
future water demand growth in the County’s Yadkin River Basin Service Area, due to the 
existing 5 mgd grandfathered IBT limitation for water transfers from the Catawba to Yadkin 
River Basins. 

The County also has a purchase water agreement with Anson County for 4 mgd of maximum 
day capacity. To-date, negotiations for an extension to this agreement and any increase in 
capacity between the two counties have been unsuccessful. Water supplied from Anson 
currently serves the Town of Wingate and areas of the County with service delivery as far north 
as northern Unionville and Fairview. Transmission upgrades within Union County along Hwy 74 
were completed in May, 2011 to convey the full 4 mgd provided by the existing agreement. 
However, physical infrastructure limitations within Anson County limit the actual flow to 
approximately 3 mgd, and would require transmission enhancements within Anson County to 
transfer the full 4 mgd per the agreement. Additionally, further system enhancements would be 
needed within both counties to increase the capacity beyond the existing 4 mgd agreement. As 
a wholesale customer of Anson County, Union County has experienced multiple periods in 
recent years of unstable water quality and insufficient supply that has impacted the reliability 
and dependability of water delivery from this source.  
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Illustration 2-1 Union County Water Sources and Wastewater Treatment Facilities (Black & Veatch, 2011) 

Illustration 2-1 depicts the existing sources of finished water provided to Union County from the 
CRWTP and Anson County, as well as the existing wastewater treatment facilities within Union 
County which are either operated or utilized by the County. Additionally, Figures 1-1 and 1-2 
depict the existing finished water distribution network and pressure zones, respectively, within 
Union County’s system. 

A key objective outlined in the County’s 2011 Comprehensive Water and Wastewater Master 
Plan (Master Plan) (Black & Veatch, 2011) is securing additional water supply necessary to 
meet the projected peak day demands with an emphasis on securing this water supply at the 
lowest cost, greatest reliability, maximum contribution to satisfying the water portion of the IBT 
equation, and minimal impact to the surrounding environment. While the Master Plan identified 
the Catawba River as offering the lowest cost water supply to the County, Union County 
recognizes the inherent challenges, legal and political hurdles and potential environmental 
affects of increasing its grandfathered IBT from the Catawba River to serve its customers in the 
Yadkin River Basin Service Area. As such, Union County has initiated the planning and 
permitting for the Yadkin River Water Supply Project to secure water from the Yadkin River 
Basin to serve its customers in the Yadkin River Basin Service Area. This proposed water 
transfer, although considered an IBT according to state regulations, would be between two IBT 
basins (Yadkin River IBT Basin to the Rocky River IBT Basin) of a major river basin (Yadkin 
River Basin). Such a transfer is viewed by Union County to be a much more logical and 
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acceptable solution to meeting the current and future water demands within this area of the 
County. 

The Master Plan notes that leveraging the use of the Catawba River and CRWSP for the 
maximum amount of supply available must also be balanced against a Yadkin-Pee Dee River 
water supply strategy (e.g., Yadkin River Water Supply Project). Relying primarily on the 
CRWSP would result in the majority of County’s water being supplied from one source, one 
plant, and one major transmission system. Source water coming from the Yadkin River Basin 
would provide the County with some level of redundancy, a sustained water quality, and better 
watershed balance in context of the IBT. Such a water supply also provides additional security 
should there be drought or contamination issues associated with either supply (Catawba River 
or Yadkin-Pee Dee River). 

As noted previously, the current water supply purveyor for the eastern portion of Union County’s 
Yadkin River Basin Service Area is Anson County, with Union County being a wholesale 
customer of finished water. There is no investment stake in the Anson County WTP and Union 
County is essentially unable to influence investments and operating decisions at the plant or in 
the transmission system needed to deliver the finished water to the point of interconnection with 
Union County at the County line. Ideally, a secure Yadkin River Basin water strategy would 
emulate a similar relationship as that with Lancaster County, SC for the CRWSP, where a joint 
ownership stake exists in the water supply infrastructure and/or provides Union County more 
control over capital investments and operations. Such a partnership was developed in 2012 
between Union County and the Town of Norwood in Stanly County, as part of the Interlocal 
Intake and Transmission Agreement. The details of this Agreement are further discussed as 
part of Alternative 1 of this EIS. 

2.2. Union County Wastewater Treatment and Collection 
Wastewater conveyance and treatment has several parallel issues to the water supply and 
transmission in the County. The western portion of the County is where the greater density of 
the population resides and is where the larger existing wastewater treatment capacity exists. It 
is also where the greatest potential for treatment capacity expansion exists. In general, 
treatment plant capacity has followed where the development and resulting population 
distribution and density dictated that treatment capacity should be provided. The exceptions are 
several small capacity treatment facilities constructed to serve specific developments or where 
school requirements dictated local treatment works that the County has inherited for operation. 

County owned and operated treatment plants (and associated capacities) include Twelve Mile 
Creek Water Reclamation Facility (WRF) (6.0 mgd), Crooked Creek WRF (1.9 mgd), Olde 
Sycamore WRF (0.15 mgd), Tallwood Estates WRF (0.05 mgd), and Grassy Branch WRF (0.05 
mgd). Union County is currently in the process of increasing the capacity of the Twelve Mile 
Creek WRF from 6.0 mgd to 12.0 mgd. Treatment capacity has also been purchased from 
Charlotte Water at the McAlpine Wastewater Treatment Plant (WWTP) (3.0 mgd) which serves 
the County’s Six Mile wastewater service basin in the County and from the City of Monroe 
WWTP (2.65 mgd) which serves the eastside including the Towns of Marshville and Wingate 
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through Interlocal wastewater agreements. All capacities are presented as maximum month 
average day treatment capacities. 

As the County’s Master Plan indicates, public sewer is not anticipated to be the solution for 
wastewater disposal throughout the entire County. Onsite systems will continue to play a major 
role for wastewater disposal in the County. Portions of the County are desired and projected to 
remain rural in nature and would not receive public sewer, although future public water supply to 
these areas is much more likely. 

In order to develop population projections for areas receiving public sewer service, a “sewer 
boundary” was developed for the Master Plan, which assumed sewer service would be provided 
within the boundary and onsite wastewater disposal generally provided outside the boundary. 
The County’s defined sewer service basins are displayed in Figure 2-1. 

2.3. Water Demand Projections 
2.3.1. Background 

During the early part of the 2000 decade, Union County was the fastest growing county in North 
Carolina and one of the top 20 fastest growing counties in the entire nation. Growth rates within 
the County during this time outpaced the balance of the State’s growth rate by a factor of 3 to 4. 
Union County’s proximity to the Charlotte metropolitan area and increasing job base and quality 
of life were key drivers to this high population growth rate. However, since the economic 
recession in the late 2000 decade, growth rates within the County have been observed at more 
modest rates of 2 to 3 percent per year. 

In preparation of the 2011 Master Plan water demand projections, data was reviewed from 
Union County’s previous County planning documents, previous water and sewer Master Plans, 
County planning projections including the 2025 Comprehensive Plan, State planning projections 
and forecasts, regional planning projections, spatial population distributions, and corresponding 
water demand and wastewater flow projections. Additionally, towns, villages and cities within the 
County were engaged to share their current land use plans and describe their economic 
development drivers for the both the short and long term. The Master Plan used the County’s 
GIS data (community data, water and sewer inventory) to spatially distribute existing population 
and customers and project growth and future water demand with the County’s service areas. 

Additional consideration was given to Master Plan population projections and spatial 
distributions using traffic analysis zones (TAZ) which incorporate household and employment 
projections developed by local/regional planning organizations. These TAZs were used for 
Master Plan purposes because they are spatially distributed within topographical areas that 
often correspond to watersheds and sewer service basins as boundaries are drafted around 
primary and arterial roads which often follow the ridge lines. Several other factors were also 
considered in the Master Plan projections including: 

• County population versus public water/sewer population components,  
• Capacity constraints and impacts to growth 
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• Impact of the Monroe Bypass in future planning years, and 
• Potential water supply requirements of major commercial or industrial development in 

the eastern portion of the County 
 
Projections for water demands in the 2011 Master Plan were made through the 2030 decade. 
For purposes of evaluating water supply needs for the Yadkin River Water Supply Project, and 
subsequent water demand projections, the projection approach established in the Master Plan 
has been carried forward for this evaluation. However, recognizing that projections outlined in 
the Master Plan did not extend through the full evaluation period for the Yadkin River Water 
Supply Project (i.e. through the Year 2050), the previous projections of the Master Plan were 
extended from 2030 to 2050 for the County and updated, based on more recent historical 
system data gathered since development of the Master Plan. Such projection updates have also 
been reflected in Union County’s North Carolina DWR Local Water Supply plan, beginning with 
the year 2013 report. 

2.3.2. Population Growth and Allocation 

In the development of Master Plan projections, the County’s geographic information system 
(GIS) was used to spatially populate the current and future water service area boundaries for 
the base year (2010) and future planning years (2015, 2020, and 2030). The Master Plan notes 
that while the entire County could be considered as a future service area, there were 
considerations incorporated into water service areas that respected existing and future land use 
as a core basis for planning. The use of GIS-based land use evaluations also enabled the 
spatial allocation of the existing and future population growth into watersheds by parcels. 
Additionally, the Master Plan made considerations for future groundwater well 
failures/contamination in the County, by making a specific water allocation for the transition of 
certain onsite well customers to public water. 

2.3.3. Population and Service Area 

As part of the 2011 Master Plan, a number of local, regional and state planning organizations’ 
forecasts were used to develop a reasonable annual population growth rate to develop 
projections. Many of those forecasts were developed in the early 2000 decade, prior to the most 
recent economic recession, resulting in projections with very high rates of growth. The ongoing 
economic environment since 2008 has dictated population projections that are lower, with rates 
of growth that are slower. 

Due to these considerations, the Master Plan utilized an overall 2.4% annual rate of population 
growth for the County. However, allocation of the future population was differentially applied to 
geographic regions in order to reflect the different growth drivers over time, and is consistent 
with the methodology used in the County’s 2025 Comprehensive Plan. For purposes of 
extending water use projections for the YRWSP, the overall 2.4% county-wide population 
growth projection approach established in the Master Plan through 2030 was maintained. 
However, recognizing a constant county-wide annual growth rate of 2.4% through the year 2050 
is  unlikely to continue, projections for the YRWSP were updated to reflect decreasing growth 
rates in later decades, as indicated in Tables 2-1 and 2-2.   
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Additionally, recognizing that development of the YRWSP will provide a reliable source of water 
for County residents in the Yadkin River Basin Service Area, as well as the development 
potential which currently exists in this portion of the County, projected population and service 
area growth rates in this area are considered to be slightly higher than those for the Catawba 
River Basin Service Area, in the western part of the County. The Catawba River Basin Service 
Area is already relatively highly developed, in comparison to the Yadkin River Basin Service 
Area, and therefore presents less opportunity for long-term sustained population growth and 
continued development through the year 2050. 

Consideration has also been made in water demand projections for future water service area 
expansion in both the Catawba and Yadkin River Basin Service Areas. Similar to population 
growth projections, there is less potential for expansion of the County’s water service area 
within the Catawba River Basin, while a more significant opportunity exists in the Yadkin River 
Basin Service Area, particularly in the northeastern portion of the County. Tables 2-1 and 2-2 
summarize the population and water service area growth rates used to update and extend the 
previous 2011 Master Plan projections through the year 2050 for the YRWSP. 

Table 2-1 Union County Population and Water Service Area Growth Projections 

Service Area Projection Decade(s) Annual Growth Rate 
Catawba River Basin 2010 to 2020 2.4% 

2021 to 2050 1.8% 
Service area growth 0.2% 

Yadkin River Basin 2010 to 2030 2.7% 
2031 to 2040 2.4% 
2041 to 2050 1.8% 

Service area growth 1.0% 
 
Table 2-2 Union County Served Population Projections 

Projection Year Projected Population Served by Union County Water System 
Catawba River Basin Yadkin River Basin System Total 

2010 59,925 47,123 107,048 
2013 64,722 52,550 117,271 
2020 77,461 67,767 145,228 
2030 94,424 97,456 191,880 
2040 115,103 136,149 251,251 
2050 140,309 179,450 319,760 

2.3.4. Per Capita Average Unit Water Demand 

As the basis of the 2011 Master Plan projections, County data was examined to establish unit 
water demand rates to convert population forecasts to water demand projections. Available 
water production records and system operating records were reviewed to determine historical 
average day, maximum day, and peak hour water demands. Also reviewed were metered water 
sales records to identify historical customer consumption and unit water consumption. The 
historical water loss component was calculated by comparing consumption and production 
records. Water demand on a per capita basis is important to determine future water demands in 
the system, and have similarly been employed for purposes of YRWSP evaluations. 
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As stated in the 2011 Master Plan projections for water demand, the overall gallons per capita 
per day (gpcd) unit demand was established at 125 gpcd (total system demand divided by 
estimated persons served for residential accounts), which included irrigation demands. This 
value was based upon total categorical (residential, commercial, industrial and institutional) 
billed water consumption plus non-revenue water (unbilled authorized consumption used for line 
flushing, hydrant testing, and other purposes, plus water losses). Master Plan demand 
projections estimated non-revenue water at 15% of the total water demand for future year 
demand projections. It is noted that from 2007 to 2013, the County’s non-revenue water has 
averaged slightly more than 12% of the total system water demand, with 1-2% from unbilled 
authorized consumption and the remainder from water losses. Union County is also in the 
process of implementing a schedule to conduct routine water system audits according to the 
AWWA M36 Water Audit Method as a means to identify and potentially reduce non-revenue 
water volumes, particularly water losses. For purposes of developing total system per capita 
demand rates for the YRWSP evaluations, it has been assumed that in the future, the County’s 
water loss rate may be reduced to between 8-11% with an additional 3-5% of the total per capita 
demand needed for water treatment processes at the proposed water treatment plant for the 
YRWSP and 1-2% needed for unbilled authorized consumption. Note that water treatment 
process volumes have not typically been included in the County’s non-revenue water calculation 
as this water is supplied from sources outside the County. Thus, for purposes of establishing a 
total per capita demand for the YRWSP, the 15% value previously identified in the Master Plan 
is dedicated to the non-revenue portion of water production and distribution for the project, 
including the additional water use necessary for treatment processes at a new Yadkin River 
Water Treatment Plant, proposed to be located within Union County. 

In recent years, the American Water Works Association (AWWA) and International Water 
Association (IWA) have used the term “Non-Revenue Water” to reflect the distributed volume of 
water that is not reflected in customer billings. Non-Revenue Water however, is specifically 
defined as the sum of Unbilled Authorized Consumption (water for firefighting, flushing, etc.) 
plus Apparent Losses (customer meter inaccuracies, unauthorized consumption and systematic 
data handling errors) plus Real Losses (system leakage and storage tank overflows). In this 
way, the term "Non-Revenue Water” includes the sum of the varied and disparate types of 
losses and authorized unbilled consumption typically occurring in water utilities (AWWA, 2012). 
Illustration 2-2 reflects the distinction between “Revenue Water” and “Non-Revenue Water” as 
well as Apparent and Real Losses, according to the IWA/AWWA Standard Water Balance. 
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Illustration 2-2 Excerpt from IWA/AWWA Standard Water Balance Table 

However, some water utilities and regulatory agencies attempt to continue quantifying water 
loss by quoting the "unaccounted-for" percentage. Using percentage indicators to assess water 
loss standing in water utilities gives misleading and unreliable measures of utility performance 
because: 

• This type of performance indicator is mathematically skewed 
• It is impossible to reliably represent multiple types of non-revenue water typically 

occurring in a water utility with a single simplistic percentage 
• A simple percentage reveals nothing about water volumes and costs, the two most 

important factors in water loss assessments of water utilities 
• The mathematical flaws of the percentage indicator stem from the fact that the 

percentage is unduly affected by varying levels of customer consumption. 

While the term “unaccounted-for” water appears to be self-explanatory, it suffers from 
inconsistent use and interpretation. The concept is to identify the collective volume of water that 
a water utility supplies to its distribution system that is not reflected in customer billing volumes. 
The Water Loss Task Force of the International Water Association found that the definition of 
the term “unaccounted for” varied so much in different jurisdictions around the world that it was 
impossible to conduct reliable performance comparisons using the term (AWWA, 2012).  

Many water utilities and regulatory agencies have varying definitions for “accounted for” vs. 
“unaccounted for” water volumes. For instance, some definitions allow a certain volume of 
leakage – deemed “unavoidable” leakage – to be included as “accounted-for” water. Similarly, 
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utility personnel have sometimes classified leaks that are known to exist in inaccessible 
locations (such as pipelines under streams or rivers) as “accounted-for” water. In the 
IWA/AWWA Water Audit Method, all types of leakage – regardless of size or difficulty of repair – 
are included under the heading of Real Losses.The IWA/AWWA Water Audit Method states that 
all volumes of water supplied to distribution go to either beneficial consumption or wasteful loss. 
Hence, there is no “unaccounted-for” water since all of the water is "accounted for" in this 
method (AWWA, 2012). 

The IWA/AWWA Water Audit Method relies upon the quantification of water volumes, costs and 
system characteristics as input to several performance indicators to reveal water loss standing. 
It does not rely on a single, simplistic percentage such as "unaccounted-for water percentage." 
Instead, it employs distinct performance indicators on global water supply, apparent losses, and 
real losses. Having the use of several robust, detailed performance indicators instead of a 
single, simplistic indicator is a vastly superior means by which to assess water loss standing in 
water utilities (AWWA, 2012). 

AWWA recommends against use of the term "unaccounted-for" water and the "unaccounted-for 
water percentage." Instead, it recommends use of the term “Non-Revenue Water” and the array 
of performance indicators included in the IWA/AWWA Water Audit Method (AWWA, 2012). 

For purposes of the YRWSP projection updates, a review of the County’s historical water use 
data over the past decade indicates that per capita per day unit water demands (total system 
demands) have averaged between 110 to 120 gpcd, with slightly lower values in the most 
recent years due to ongoing mandatory water restrictions, increased conservation efforts, and 
more favorable climate conditions (more annual rainfall and slightly lower annual temperature 
averages). As such, the water demand projections of the recently completed Master Plan have 
been reduced for the updated YRWSP projections to reflect an average unit demand of 120 
gpcd for future water demands of all new system customers to be served after the Year 2012. 
The use of a 120 gpcd unit demand is representative of customer demands within the County 
over the last decade during historically drier years, which should be used as the basis for water 
demand planning to secure a sufficient water supply to meet peak year demands. 

Additionally, the use of the top of the range of historical unit demands allows for the potential for 
future industrial or commercial/institutional water uses in the demand projections. While such 
future uses are difficult to quantify, a single new industry which has a large water demand for 
process purposes can drive up system-wide unit demand rates. Use of the 120 gpcd unit 
demand for future projections provides the flexibility to meet such future demands should they 
materialize within the County.  

As a portion of this 120 gpcd total system demand, residential water use per capita demand is 
to be estimated to be 80 gpcd.  This is based upon historical Union County residential water use 
which has averaged 65 to 70 percent of the total treated water supply since 1997. The 80 gpcd 
residential per capita water demand value compares favorably with the Catawba-Wateree Water 
Management Group’s 2014 Catawba-Wateree Water Supply Master Plan, which assumed a 
basin-wide average residential categorical water use rate of 85 gpcd for planning purposes 
(CWWMG, 2014). 
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Further, the County’s current residential/non-residential categorical water demand ratio is 
relatively high (approximately 75% to 80% residential), given how the County has developed 
over time. Based on this fact, as well as future land use plans, planned transportation corridors 
and large tracts of land available within the County, it is likely that non-residential development 
will occur over the next 50 years. The County’s water supply must be prepared to meet these 
demands for continued economic development. 

2.3.5. Water Demand Peaking Factors 

As part of the 2011 Master Plan, Max Day to Average Day peaking factors were identified from 
historical water production records. The majority – more than 80% – of the water demand in the 
distribution system has historically been supplied from the Catawba River Water Supply Project 
(CRWSP). A much smaller portion – less than 20% – has been supplied from Anson County. 
Using primarily CRWSP production records, peaking factors as high as 2.3 have been observed 
in the system. The Master Plan identified the average Max Day to Average Day peaking factor 
from 2004 to 2009 to be approximately 1.9, which was carried forward in Master Plan water 
demand projections. 

In recent years, however, County-wide mandatory and voluntary irrigation restrictions have 
impacted historical Max Day factors, as irrigation uses are a major driver of the Max Day 
demands typically occurring during summer months. With irrigation restrictions over the past 
seven years, the County has been able to achieve Max Day to Average Day peaking factors at 
an average rate of 1.8. These factors were observed to be higher during the last major drought 
(2007-2008), and lower in more recent non-drought years as part of the Master Plan adoption. 
The Union County Board of Commissioners previously reached consensus in favor of 
implementing demand management practices in the future to avoid the very high peaking 
factors (those greater than 2.0) that have been experienced in the past (Black & Veatch, 2011). 
The County’s newly adopted (May 4, 2015) Water Use Ordinance, as further discussed in 
Section 2.6 and 6.0 of this EIS, outlines the specific demand management initiatives now 
implemented within the County. 

Therefore, for purposes of the YRWSP projections, the Max Day to Average Day peaking factor 
for the future water demands was selected to be the actual average over the past 4 years (non-
drought years) of 1.7. An evaluation of North Carolina Division of Water Resource’s (DWR) 
Local Water Supply Plans for comparable utilities within the Piedmont region of North Carolina 
indicates that since 2007, average Max Day to Average Day peaking factors have ranged from 
1.4 to 1.8, which supports the 1.7 peaking factor used for YRWSP demand projections within 
Union County. 

Also, using the 1.7 Max Day to Average Day peaking factor for Union County, the corresponding 
Max Day to Max Month Average Day peaking factor has been subsequently determined to be 
1.22 for purposes of the YRWSP water demand projections.  
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2.3.6. Water Demand Projection Summary 

Union County water demands are expected to increase by the Year 2050, based upon 
continued development (both residential and commercial) resulting from the County’s proximity 
to the greater Charlotte metropolitan area, as well as future service expansion of the Union 
County water system to meet the needs of current County residents without reliable water 
sources (e.g. contaminated groundwater wells). Projections indicate that specifically within the 
Yadkin River Basin Service Area, the maximum month daily average demands will increase 
from 7.7 mgd in 2013 to 28.9 mgd by the Year 2050. Table 2-3 indicates the projected decadal 
increases in water demand for Union County’s Catawba River and Yadkin River Basin Service 
Areas, on an annual average daily, maximum month daily average and maximum day basis. 
Detailed projections for Union County water demand are depicted in Figure 2-2 and Appendix B. 

Table 2-3 Union County Projected Water Demands by Decade 

Planning 
Year 

Annual Average Day 
Demand 

(mgd) 

Max Month Avg. Day 
Demand 

(mgd) 

Max Day Demand  
(mgd) 

Catawba Yadkin Catawba Yadkin Catawba Yadkin 
2010 5.6 4.9 8.0 6.9 9.7 8.4 
2013 6.4 5.5 8.9 7.7 10.8 9.4 
2020 7.9 7.4 12.6 10.2 15.3 12.5 
2030 9.9 10.9 15.4 15.2 18.8 18.6 
2040 12.4 15.6 18.8 21.7 23 26.4 
2050 15.4 20.8 23.1 28.9 28.1 35.3 

2.4. Wastewater Flow Projections 
2.4.1. Background 

The 2011 Master Plan examined Union County data to establish per capita wastewater flow 
rates to convert population forecasts to wastewater flow projections. The Master Plan compared 
water production to wastewater flow ratios to determine wastewater return rates. These 
wastewater flows were developed by combining a forward looking (based on population 
projections, per capita wastewater production rates, and estimated maximum month peaking 
factors) and backward looking (based on historical tap analysis extrapolating forward based on 
system growth rates) approach. Wastewater flow on a per capita basis is important to determine 
future residential wastewater flows in the system, and have similarly been employed for 
purposes of YRWSP evaluations for wastewater flow projections within the Yadkin River Basin 
Service Area of Union County.  

Wastewater flow projections made for the 2011 Master Plan assumed that no public sewer 
conveyance or wastewater treatment would be projected (beyond existing services in 2011) in 
the following watersheds: Goose, Duck, Waxhaw, Cane, Polecat, Lynches, Buffalo, Dead Pine, 
Lanes, Brown and eastern portions of Rocky River, Grassy Branch and Richardson. 
Additionally, the Master Plan assumed the expansion of the public wastewater collection system 
to serve surrounding areas south and north of the City of Monroe and areas adjacent to the 
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towns of Wingate and Marshville. The proposed expanded public sewer service areas around 
the City of Monroe were phased in different planning year horizons. 

2.4.2. Per Capita Wastewater Flow 

The flow data and account information analyzed for the 2011 Master Plan indicate unit 
wastewater flows of approximately 241 gallons per day per account in 2009. Using uniform 
densities per dwelling unit and population equivalency assumptions, the historical unit 
wastewater flow derived in the Master Plan was approximately 86 gpcd. The Master Plan noted 
that future sewer construction should be tighter than the present and that historical extrapolated 
per capita unit wastewater flows are close to the North Carolina Department of Environmental 
and Natural Resources’ (DENR) recommended values. Thus, future flow projections were 
calculated at 80 gpcd to account for tighter/new sewer installations. Updates and extension of 
the wastewater flow projections through 2050 for the YRWSP evaluations are similarly based on 
an 80 gpcd future unit flow projection. 

The 2011 Master Plan also included a schedule for conversion from onsite septic to public 
sewer within the projected service area boundary, under an assumption of approximately 100 
percent conversion of houses built pre-1983 during the first 10 years of the Master Plan 
(through 2021). The Master Plan indicated houses built pre-1983 were not mandated to have a 
repair area for their septic field within their lots and that such lots were a concern for the County 
and warranted need for future replacement with County-provided sewer service. The Master 
Plan wastewater projections staged the septic to public conversion of pre-1983 buildings within 
the sewer service boundary in two phases, approximately 50 percent by 2015 and 50 percent by 
2020. The Master Plan also assumed that by 2030 most of the development on the western side 
of the County would be served by public sewers, with a small percentage remaining as onsite 
septic or private systems. 

Comparison of the updated YRWSP projections for water demand in Union County indicate that 
such projections are approximately 93% of the previous water demand projections made in the 
2011 Master Plan. As such, wastewater flow projections through 2030 for the YRWSP 
evaluations were correspondingly reduced to 93% of the Master Plan projections. Wastewater 
flow projections for these evaluations were also extended from 2030 to 2050 using wastewater 
flow growth rates equivalent to the projected water demand growth rates in each service area 
between the years 2030 and 2050. As such, from 2030 to 2050, wastewater flow growth within 
the Catawba River Basin Service Area and Yadkin River Basin Service Area is projected to 
grow annually at a rate of 2.23% and 3.27%, respectively. These rates correlate well with the 
projected wastewater flow to projected growth in water demand from 2030 to 2050, as based 
upon the County’s historical wastewater flow as a percentage of its water demand. 

2.4.3. Wastewater Flow Peaking Factors 

The County provided historical flow data for each of the major County treatment facilities 
(Twelve Mile and Crooked Creek); minor County facilities (Olde Sycamore, Tallwood, Grassy 
Branch) and flows to third party facilities (McAlpine WWTP for 6-Mile flow, City of Monroe). 
Peak monthly average flows were compared to annual average flows to identify historical Max 
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Month treatment plant flow ratios. Previous evaluation of historical Max Month to Average Day 
wastewater flows outlined in the 2011 Master Plan indicated that these peaking factors are 
unique to each of the wastewater treatment plants and their tributary collection system. The 
analysis found that ratios ranged between 1.3 and 1.7, with 1.3 being indicative of the larger 
treatment facilities in the system. 

For purposes of the YRWSP evaluations, the major treatment facilities and tributary collection 
systems were evaluated and flow projections extended through 2050. As such, the 1.3 peaking 
factor was used for Max Month to Average Day comparisons. Based on an evaluation of 
historical DWR Local Water Supply Plan and Union County wastewater system data, it was also 
determined that the average Max Day to Average Day peaking factor for the major County 
treatment facilities since 2002 has been approximately 2.3, which has been carried forward in 
the YRWSP evaluations. Based on the 1.3 annual Max Month to Average Day peaking factor 
and the 2.3 Max Day to Average Day peaking factor previously described , the Max Day to Max 
Month wastewater flow peaking factor is calculated to be 1.8 (2.3 divided by 1.3). An additional 
evaluation of historical Local Water Supply Plan data since 2002 indicates that the Min Month to 
Average Day wastewater flow factor is 0.87, for purposes of evaluating low flow periods. 

2.4.4. Wastewater Projections for the Yadkin River Basin Service Area 

Table 2-4 summarizes the average day wastewater flows for the base year (2010) and future 
planning years within the Yadkin River Basin service area, established through the build-out 
evaluation. Some wastewater flow generated in the Crooked Creek service basin, and all flow 
generated in the Poplin Road Pump Station service basin is to be pumped to the Catawba River 
Basin as part of the County’s management strategy for its existing 5 mgd grandfathered 
Catawba River IBT, as further discussed in Section 2.4.5, below. As such, Table 2-5 
summarizes the projected average day wastewater flows generated within the Yadkin River 
Basin Service Area that are subsequently projected to be discharged back to the Yadkin River 
Basin. 

Table 2-4 Union County Projected Wastewater Flow in the Yadkin River Basin Service Area 
Yadkin River Basin Service Area – Projected Sewer Flow (mgd) 

Annual Average Day 

Service Basin 
Base 
Year 

(2010) 
2015 2020 2030 2040 2050 

Crooked Creek 1.0 1.1 1.6 1.9 2.7 3.7 
Poplin PS 0.9 1.0 1.7 2.3 3.2 4.4 
Lake Lee 0.0 0.0 0.1 0.5 0.7 1.0 

Richardson Creek 0.0 0.0 0.0 0.2 0.3 0.4 
Lake Twitty 0.0 0.2 0.4 1.0 1.4 1.9 

Eastside 1.0 1.3 1.6 2.1 2.9 3.9 
Misc. Package Plants1 0.4 0.4 0.5 0.6 0.7 0.8 

TOTAL2 3.3 4.0 6.0 8.5 11.8 16.0 
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Notes:  
1Miscellaneous package plants include Union County operated facilities (Tallwood Estates WWTP, Grassy Branch 
WWTP, and Olde Sycamore WWTP) and privately operated facilities to neighborhoods served by Union County 
water (Country Woods WWTP and Hemby Acres WWTP). 
2Minor differences in summations due to rounding of individual basin projections 
 
Table 2-5 Union County Projected Wastewater Flow in the Yadkin River Basin Service Area Returned to the 
Yadkin River Basin 
Yadkin River Basin Service Area – Projected Sewer Flow (mgd) Returned to the Yadkin 

River Basin 
Annual Average Day 

Service Basin 
Base 
Year 

(2010) 
2015 2020 2030 2040 2050 

Crooked Creek 1.0 1.1 1.5 1.5 1.5 1.5 
Lake Lee 0.0 0.0 0.0 0.3 0.3 0.5 

Richardson Creek 0.0 0.0 0.0 0.1 0.1 0.2 
Lake Twitty 0.0 0.2 0.4 1.0 1.4 1.9 

Eastside 1.0 1.3 1.6 2.1 2.9 3.9 
Misc. Package Plants1 0.4 0.4 0.5 0.6 0.7 0.8 

TOTAL2 2.4 3.0 4.1 5.5 6.9 8.8 
Notes:  
1Miscellaneous package plants include Union County operated facilities (Tallwood Estates WWTP, Grassy Branch 
WWTP, and Olde Sycamore WWTP) and privately operated facilities to neighborhoods served by Union County 
water (Country Woods WWTP and Hemby Acres WWTP). 
2Minor differences in summations due to rounding of individual basin projections 
 

2.4.5. Wastewater Flow Returned to the Catawba River Basin 

As part of its management strategy for the existing grandfathered 5 mgd IBT limit from the 
Catawba River, Union County returns a portion of the wastewater flow generated in its Yadkin 
River Basin Service Area to the Catawba River Basin to reduce the net effect of water supply 
transfers into the Yadkin River Basin Service Area from the Catawba. This is currently achieved 
through the Poplin Road Pump Station which diverts flow from the Poplin PS wastewater 
service basin to the Twelve Mile Creek WRF which is located in the Catawba River Basin.  

Additionally, the 2011 Master Plan calls for improvements to the Crooked Creek WRF to allow 
for scalping of some wastewater flow generated in the Crooked Creek wastewater service basin 
to be sent to the Poplin Road Pump Station and subsequently pumped to the Twelve Mile Creek 
WRF. The Crooked Creek WRF has a max month capacity of 1.9 mgd (approximately 1.5 mgd 
average annual day), and the Master Plan assumes that all future flow beyond this existing 
capacity (estimated to be surpassed in 2018) is to be scalped and diverted to the Poplin Road 
Pump Station.   

Future system improvements and additional wastewater service in the Lake Lee and 
Richardson Creek service basins from 2030 to 2050 will allow a portion of wastewater flow in 
these areas to be treated at the Twelve Mile Creek WRF, with the remaining flow to be treated 
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at the Monroe WWTP. Table 2-6 reflects the projected annual average day wastewater flow 
generated in the Yadkin River Basin Service Area that is expected to be returned to the 
Catawba River Basin. 

Table 2-6 Union County Projected Wastewater Flow in the Yadkin River Basin Service Area Returned to the 
Catawba River Basin via Twelve Mile Creek WRF 

Yadkin River Basin Service Area – Projected Sewer Flow (mgd) Returned to the 
Catawba River Basin 
Annual Average Day 

Service Basin 
Base 
Year 

(2010) 
2015 2020 2030 2040 2050 

Crooked Creek 0.0 0.0 0.2 0.5 1.2 2.2 
Poplin PS 0.9 1.0 1.7 2.3 3.2 4.4 
Lake Lee 0.0 0.0 0.0 0.3 0.3 0.5 

Richardson Creek 0.0 0.0 0.0 0.1 0.1 0.2 
TOTAL 0.9 1.0 1.9 3.1 4.9 7.3 

Note: Minor differences in summations due to rounding of individual basin projections 

2.5. Explanation of Water Balance and Transfer 
Of the 28.9 mgd projected water demand in the County’s Yadkin River Basin Service Area by 
the Year 2050, 23 mgd is projected to be served by the new Yadkin River Water Supply Project 
through a new IBT from the Yadkin River Basin, while the remaining demand is projected to be 
met by the County’s existing grandfathered Catawba River Basin IBT. It is important to note 
that, while the County’s grandfathered IBT from the Catawba is limited to 5 mgd and the amount 
needed from this IBT in 2050 to meet the system demand is 5.9 mgd, because the County 
returns a portion of their wastewater discharge generated in the Yadkin River Basin back to the 
Catawba River Basin, the net IBT from the Catawba to the Yadkin is projected to remain below 
the existing 5 mgd limit.  

Illustration 2-3 depicts the current and proposed water sources and wastewater treatment 
facilities serving the County’s Yadkin River Basin Service Area, along with their corresponding 
current (2013) and future (2050) flow projections. 
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Illustration 2-3 Union County Yadkin River Basin Service Area Projected Water Supply and Demand 

As previously reflected in Illustration 1-1, Union County’s projected Yadkin River Basin Service 
Area water demand and anticipated sources of water supply to meet this demand through the 
Year 2050. Further details of the County’s projected water balance and transfer are provided in 
Figure 2-2 and Appendix B. 

2.6. Water Conservation and Demand Management 
2.6.1. Union County Water Use Ordinance 

In 1992, Union County adopted a Water Conservation Ordinance that outlined conservation 
measures required when water demand by customers connected to the Union County water 
system reached a point where continued or increased demand will equal or exceed the 
treatment and/or transmission capacity of the system or portions, thereof. This ordinance was 
revised and amended over the years, including 2002, 2007, 2008, and most recently 2009. A 
new Water Use Ordinance (Ordinance) and an accompanying Water Shortage Response Plan 
were recently developed to replace and improve on the existing Water Conservation Ordinance. 
These new documents were approved by the Union County Board of Commissioners and 
officially adopted on May 4, 2015. 
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When water demand results in the condition whereby customers cannot be supplied with 
adequate water to protect their health, safety, or property, then the demand must be 
substantially curtailed to relieve the water shortage. This Ordinance applies only to potable 
water supplied through the Union County water system, and not to reuse or reclaimed water. In 
addition to the water conservation measures outlined in the Ordinance, the County has the 
authority to establish a rate structure that increases the cost of potable water commensurate 
with the escalation of water shortage conditions. 

The County’s Water Use Ordinance is applicable during times of drought, where raw water 
supply is at risk, and when there are other capacity limitations within the County’s water 
treatment and distribution system due to high demands or system emergencies. The Ordinance 
has five levels of water shortage conditions, including Stage 0, 1, 2, 3 and 4 Water Shortage 
Conditions, which are issued with increasing severity according to the applicable water 
shortage. 

Stage 0 is a newly defined stage included in the Water Use Ordinance and limits customer use 
of spray irrigation systems to a maximum of 3 days per week at all times. Additionally, 
customers are encouraged to adhere to a list of recommended voluntary water conservation 
measures. 

In a Stage 1 Water Shortage Condition, customers are encouraged to limit spray irrigation to a 
maximum of 2 days per week and voluntarily conserve water through additional recommended 
conservation measures. Also, in a Stage 1 Water Shortage Condition, the transport of water 
outside of Union County is unlawful, with certain listed exclusions.  

In a Stage 2 Water Shortage Condition, mandatory limits on spray irrigation are increased to 
allow each customer a maximum of 2 days per week. Some other outdoor water uses are also 
prohibited, such as filling new swimming pools and residential vehicle washing, while others are 
encouraged to be limited, including flushing and hydrant testing or the use of water for dust 
control. 

In the event of a Stage 3 Water Shortage Condition and in addition to the voluntary and 
mandatory guidelines already in effect, each customer would be permitted use spray irrigation a 
maximum of 1 day per week. It would also be unlawful to wash public buildings, sidewalks and 
streets, use water for construction dust control, conduct non-essential water system 
flushing/hydrant testing, fill any swimming pools/ponds or serve drinking water in food 
establishments except upon request.  

If a Stage 4 Water Shortage Condition is declared, in addition to the restrictions set forth under 
other stages, water use is further restricted to make it unlawful to use water outside a structure 
for any purpose other than responding to a fire emergency. Certain exclusions to the restrictions 
for each stage exist. 

A complete copy of the County’s previous Water Conservation Ordinance and newly adopted 
Water Use Ordinance and Water Shortage Response Plan are provided in Appendix E, CD-1.  
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Since 2009, Union County has remained in a Stage 2 Water Shortage Condition, as defined by 
the Water Conservation Ordinance. During such time, Union County has imposed mandatory 
water use restrictions limiting lawn irrigation to no more than two days per week per customer. 
Such restrictions have been voluntarily imposed by Union County, while not in a drought, 
primarily due to capacity concerns to meet the system’s water demand on peak days. Such 
restrictions are considered to be very stringent during non-drought periods and have proven 
successful over the last five years in reducing the County’s peak day water demands. 

2.6.2. Low Inflow Protocol for the Catawba-Wateree Hydroelectric Project 

In addition to the Water Conservation Ordinance, Union County is a party to the 2006 
Comprehensive Relicensing Agreement with Duke Energy and the Federal Energy Regulatory 
Commission (FERC) which requires adherence to the Low Inflow Protocol (LIP) for the 
Catawba-Wateree Hydroelectric Project by owners of large public water supply intakes located 
in the reservoirs and main stem of the Catawba River. As joint owner of the Catawba River 
Water Treatment Plant in Lancaster County, South Carolina, Union County must abide by the 
restrictions set forth in the LIP during drought conditions. The purpose of this LIP is to establish 
procedures for reductions in water use during periods of low inflow to the Catawba-Wateree 
Hydroelectric Project. The LIP was developed on the basis that all parties with interests in water 
quantity will share the responsibility to establish priorities and to conserve the limited water 
supply. A copy of the LIP may be found in Appendix E, CD-1. 

The LIP provides trigger points and procedures for how the Catawba-Wateree Hydroelectric 
Project will be operated by Duke Energy, as well as water withdrawal reduction measures and 
goals for other water users during period of low inflow. During periods of normal inflow, the 
system is considered to be in a normal condition. During times that inflow is not adequate to 
meet all of the normal water demands for water and maintain reservoir levels as normally 
targeted, a Stage 0 – Low Inflow Watch may be issued. If hydrologic conditions continue to 
worsen, varying stages of the LIP may be declared, based on confirming triggers, and 
increasing in severity from Stages 1 through 4. The following table summarizes the required 
water use reduction goals applicable to Union County, based on water use restrictions for 
customers, as defined by the LIP for the Catawba-Wateree Hydroelectric Project. 
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Table 2-7 Catawba-Wateree Low Inflow Protocol Water Use Reduction Requirements by LIP Stage 
LIP Stage Water Use Reduction Requirement 

Normal Normal Conditions; no water use reduction required 
Stage 0 Low Inflow Watch; no water use reduction required 
Stage 1 Request voluntary water use restrictions in accordance with Water Use Ordinance; 

water use reduction goal of 3-5% from the amount that would otherwise be 
expected. 

Stage 2 Require mandatory water use restrictions in accordance with Water Use 
Ordinance; water use reduction goal of 5-10% from the amount that would 
otherwise be expected. 

Stage 3 Require increased mandatory water use restrictions in accordance with Water Use 
Ordinance; water use reduction goal of 10-20% from the amount that would 
otherwise be expected. 

Stage 4 Require emergency water use restrictions in accordance with Water Use 
Ordinance and restrict all outdoor water use; water use reduction goal of 20-30% 
from the amount that would otherwise be expected. 

2.6.3. Low Inflow Protocol for the Yadkin & Yadkin-Pee Dee River Hydroelectric 
Projects 

The fundamental goal of this LIP, developed as part of the 2007 Relicensing Settlement 
Agreement for the Yadkin Hydroelectric Project, is to take staged actions in the Yadkin-Pee Dee 
River Basin needed to delay the point at which available water storage in the Yadkin 
Hydroelectric Project (operated by Alcoa Power Generating Inc. (APGI), FERC No. 2197) and 
the Yadkin-Pee Dee Hydroelectric Project (operated by Duke Energy Progress, FERC No. 
2206) reservoirs is fully depleted while maintaining downstream flows. This LIP is intended to 
provide additional time to increase the probability that precipitation will restore streamflow and 
reservoir water elevations to normal ranges. The amount of additional time that is gained during 
implementation of this LIP depends on the diagnostic accuracy of the trigger points, the amount 
of regulatory flexibility available to operate the projects, and the effectiveness of the projects’ 
operators and the water users in working together to implement required actions and achieve 
significant water use reductions. It is assumed that water users in the Yadkin-Pee Dee River 
Basin not subject to this LIP must comply with all applicable State and local drought response 
requirements. A copy of the LIP may be found in Appendix E, CD-1. 

This LIP is implemented during periods when there is not enough water flowing into the projects’ 
reservoirs to meet the projects’ required minimum instream flows while maintaining reservoir 
water elevations within normal operating ranges. This LIP provides trigger points and operating 
procedures that both APGI and Duke Energy Progress are to follow for the projects. This LIP 
also specifies water withdrawal reduction measures for other water users in portions of the 
Yadkin-Pee Dee River Basin. Similar to the LIP for the Catawba-Wateree, during periods of 
normal inflow, the system is considered to be in a normal condition. During times that inflow is 
not adequate to meet all of the normal water demands for water and maintain reservoir levels as 
normally targeted, a Stage 0 – Low Inflow Watch may be issued. If hydrologic conditions 
continue to worsen, varying Low Inflow Condition stages may be declared, based on confirming 
triggers, and increasing in severity from Stages 1 through 4.  
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If granted an IBT certificate to transfer water from one of the reservoirs of the Yadkin-Pee Dee 
River Basin governed by the LIP, Union County would also be required to abide by such LIP 
requirements. Any designated owner or joint-owner of raw water intake and pumping facilities 
which withdraw from storage in one of the hydroelectric projects’ reservoirs and have an 
instantaneous withdrawal capacity of one million gallons per day or more are required to abide 
by the LIP requirements, as stipulated in the LIP for the Yadkin and Yadkin-Pee Dee 
Hydroelectric Project. The following table summarizes the required water use reduction goals 
which would be applicable to Union County, based on water use restrictions for customers, as 
defined by the LIP for the Yadkin and Yadkin-Pee Dee Hydroelectric Projects. 

Table 2-8 Yadkin-Pee Dee Low Inflow Protocol Water Use Reduction Requirements by LIP Stage 
LIP Stage Water Use Reduction Requirement 

Normal Normal Conditions; no water use reduction required 
Stage 0 Low Inflow Watch; no water use reduction required 
Stage 1 Request voluntary water use restrictions in accordance with Water Use Ordinance; 

water use reduction goal approximately 5% from the amount that would otherwise 
be expected. 

Stage 2 Require mandatory water use restrictions in accordance with Water Use 
Ordinance; water use reduction goal of approximately 10% from the amount that 
would otherwise be expected. 

Stage 3 Require emergency water use restrictions in accordance with Water Use 
Ordinance; water use reduction goal of approximately 20% from the amount that 
would otherwise be expected. 

Stage 4 Coordinate with the Yadkin Drought Management Advisory Group (YAD-DMAG) 
and DWR to determine if additional water use reduction measures can be 
implemented. 

2.7. Interbasin Transfer Management Strategy 
2.7.1. Background 

Union County is divided into two major watersheds, the Catawba River Basin to the west and 
the Yadkin-Pee Dee River Basin to the east. The ridge line between these two watersheds runs 
predominately north-south through the County, with neither water source within the 
geographical limits of the County. The eastern portion of the County is located within the Rocky 
River IBT Basin, which a part of the greater Yadkin River Basin. According to interbasin transfer 
definitions set forth in North Carolina Statute G.S. 143.215.22L, the Rocky River watershed is 
considered an IBT boundary for water transfers within the Yadkin River Basin and is therefore 
subject to IBT regulation.  

As a result of the County’s unique location isolated between two major river basins, regulations 
for existing and proposed interbasin transfers impact water supply withdrawal and wastewater 
discharge strategies for current and future planning. Illustration 2-4 reflects the IBT watershed 
boundaries and location of the County’s existing primary water treatment plant. 
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Illustration 2-4 Union County IBT Boundaries 

2.7.2. Existing Catawba IBT 

One consideration for both current and future water supply and wastewater disposal within 
Union County is the interbasin transfer limitations for the Catawba River Basin. The North 
Carolina grandfathered Catawba River IBT amount for the County is 5 mgd. This means that up 
to 5 mgd may be transferred out of the Catawba River Basin and not returned to the Catawba 
River Basin for disposal. The Catawba River (through utilization of the CRWSP) is currently the 
primary water supply for the County. Working within the regulatory limitations of this existing IBT 
is a primary driver for water supply and wastewater disposal for the County in the foreseeable 
future. The IBT capacity has a direct impact on the costs for water and wastewater services in 
the County. 

While the 2011 Master Plan recommended that UCPW pursue an increase to their existing 5 
mgd grandfathered IBT limit to 10 mgd for water transfers from the Catawba River Basin to the 
Yadkin River Basin, the County has elected to pursue other water sources within the Yadkin 
River Basin to avoid the need for an increase in the Catawba IBT. The Master Plan indicated 
that if the existing Catawba IBT is maintained at the 5 mgd limit, then significant efforts will be 
needed early in the planning cycle to accelerate the process of securing water from alternative 
sources for the eastern portion of the County. For purposes of alternatives evaluation for this 
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EIS, the existing 5 mgd grandfathered Catawba IBT is not proposed to be modified (except for 
the evaluation of Alternatives 6 and 7, as later described). 

2.7.3. Proposed Yadkin IBT 

The primary intent of the proposed IBT from the Yadkin River IBT Basin to the Rocky River IBT 
Basin within Union County is to secure a reliable source of water from the Yadkin River Basin to 
supply the County’s customers that reside in its Yadkin River Basin Service Area, while also 
seeking to reduce the County’s reliance on the existing grandfathered IBT from the Catawba 
River. Surface water supply alternatives being considered for evaluation as part of this EIS to 
supply this service area are outlined in Figure 2-3. 

For all possible surface water supply alternatives from the Yadkin River Basin being evaluated 
as part of this EIS, water withdrawn from the Yadkin River Basin is to be measured through flow 
meters installed for the proposed Union County raw water intake. Subsequently, this raw water 
is proposed to be treated at a new water treatment plant to be constructed within Union County, 
at which point a water balance for finished water production, process water use and raw water 
line losses can be calculated. Finished water billing records for customers within the County’s 
Yadkin River Basin Service Area will then be used to determine billed water within the Service 
Area, and any unbilled water use (i.e. line flushing) and system losses. 

For water supply alternatives from the Yadkin River Basin which originate upstream of the 
Rocky River confluence with the Pee Dee River, the IBT for the withdrawal is considered to be 
purely consumptive. Although Union County returns treated wastewater to the Yadkin River 
Basin through multiple treatment facilities which discharge to tributaries of the Rocky River, and 
subsequently flow into the Pee Dee River, these returns would not reduce the calculated IBT 
from withdrawals upstream of the aforementioned confluence. 

For water supply alternatives from the Yadkin River Basin which originate downstream of the 
Rocky River confluence with the Pee Dee River, the IBT for such withdrawals would 
subsequently be reduced by the projected wastewater returns to the Pee Dee River which 
would occur upstream of the aforementioned confluence. Such alternatives would, in effect, 
have a net IBT, that is equal to the projected raw water withdrawals minus the projected treated 
wastewater returns to the Yadkin River Basin. This principal is commonly referred to as the 
‘Cork Rule Exception’, as described in North Carolina Administrative Code 15A NCAC 02E. 
0401(b), where the following are not considered interbasin transfers: 

1) The discharge point is situated upstream of the withdrawal point such that the water 
discharged will naturally flow past the withdrawal point.  

2) The discharge point is situated downstream of the withdrawal point such that water 
flowing past the withdrawal point will naturally flow past the discharge point.  

For alternatives being evaluated where this is the case, only the quantity of water withdrawn that 
is not returned to the Yadkin River Basin upstream of the proposed intake location would be 
classified as an IBT. Additional discussion on the IBT calculation for each water supply 
alternative is discussed in the analysis of alternatives to follow. 

28 



Union County Public Works | Environmental Impact Statement 
ALTERNATIVES ANALYSIS  

 

3.0 ALTERNATIVES ANALYSIS 
The Union County water and sanitary sewer service areas are located within the Catawba River 
Basin and the Rocky River IBT Basin of the Yadkin River Basin. While the County’s service 
areas are within the Catawba and Yadkin River Basins, neither of the rivers’ main stems flow 
through the County as indicated in Illustration 3-1. The Rocky River forms the northern border of 
the County, but is not currently classified by the State of North Carolina for water supply uses. 

 
Illustration 3-1 Union County, North Carolina and Surrounding Major Rivers 

Union County’s location between the two major rivers (Yadkin-Pee Dee and Catawba), and 
federally regulated (through the Federal Energy Regulatory Commission (FERC)) surface water 
reservoirs along each river, logically make them the primary sources for potential future water 
supply within Union County. Illustration 3-2 depicts the FERC regulated reservoirs along the 
Yadkin-Pee Dee River, operated by Alcoa Power Generating Inc. (APGI) and Duke Energy 
Progress. Illustration 3-3 depicts the FERC regulated reservoirs along the Catawba River, 
operated by Duke Energy, Carolinas LLC. 

 

29 



Union County Public Works | Environmental Impact Statement 
ALTERNATIVES ANALYSIS  

 

 
Illustration 3-2 Yadkin-Pee Dee River Basin Reservoirs (CH2MHill, 2006) (Note: W. Kerr Scott Reservoir not 
shown) 

 

 
Illustration 3-3 Catawba-Wateree River Basin Reservoirs (CH2MHill, 2004) 

(Narrows Reservoir) 
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As previously discussed and indicated in Figure 1-1, Union County currently has two water 
service areas: the Catawba River Basin Service Area and the Yadkin River Basin Service Area. 
Union County is currently seeking to secure a reliable water supply to serve projected near-term 
and long-term future customer demand in its Yadkin River Basin Service Area within the Rocky 
River IBT Basin. Water transfers into the Rocky River IBT Basin from either the Yadkin River 
IBT Basin of the major Yadkin River Basin or from the Catawba River will necessitate an 
interbasin transfer certificate from the State of North Carolina. 

Both the Yadkin-Pee Dee and Catawba Rivers are potential water supply sources to help 
eliminate the County’s projected water supply deficit in its Yadkin River Basin Service Area 
(Rocky River IBT Basin). Both raw water and finished water alternatives have been identified to 
address the projected 23 mgd (based on maximum month daily demands) water supply shortfall 
in this service area by the year 2050. Alternatives for raw water would require raw water intake, 
pumping, transmission and treatment infrastructure. Alternatives for finished water would require 
infrastructure for finished water transmission and wholesale purchase agreements with regional 
water suppliers. 

Twelve (12) alternatives for Union County’s Yadkin River Water Supply Project, including the No 
Action Alternative, have been identified for evaluation in this EIS. A total of eight (8) potential 
surface water alternatives have been identified. Additional non-surface water alternatives have 
also been identified as potential measures for minimizing the requested interbasin transfer, and 
are also explored, herein. The following is a summary of the alternatives being evaluated in this 
EIS: 

 Surface Water Supply Alternatives: 
- Alternative 1 - Pee Dee River raw water supply from Lake Tillery (IBT from 

Yadkin River IBT Basin to Rocky River IBT Basin) with a new water treatment 
plant in Union County. 

o Alternative 1A – Raw water transmission alignment from Lake Tillery to 
new WTP in northern Union County primarily following road Right-of-
Ways. 

o Alternative 1B – Raw water transmission alignment from Lake Tillery to 
new WTP in northern Union County primarily following power utility 
easements. 

- Alternative 2A - Yadkin River raw water supply from Narrows Reservoir (Badin 
Lake) (IBT from Yadkin River IBT Basin to Rocky River IBT Basin) with a new 
water treatment plant in Union County. 

- Alternative 2B - Yadkin River raw water supply from Tuckertown Reservoir (IBT 
from Yadkin River IBT Basin to Rocky River IBT Basin) with a new water 
treatment plant in Union County. 

- Alternative 3 - Pee Dee River raw water supply from Blewett Falls Lake (IBT 
from Yadkin River IBT Basin to Rocky River IBT Basin) with a new water 
treatment plant in Union County. 
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o Alternative 3A – Raw water transmission alignment from Blewett Falls 
Lake to new WTP in northern Union County primarily following power and 
natural gas utility easements. 

o Alternative 3B – Raw water transmission alignment from Blewett Falls 
Lake to new WTP in eastern Union County primarily following US-74 
Right-of-Way. 

- Alternative 4 - Raw water supply from the main stem of the Pee Dee River (from 
Yadkin River IBT Basin to Rocky River IBT Basin) with a new water treatment 
plant in Union County. 

- Alternative 5 - Raw water supply from the Rocky River within Union County 
(non-IBT alternative) with a new water treatment plant in Union County. 

- Alternative 6 - Expansion of the Catawba River Water Supply Project (CRWSP) 
(modification to existing grandfathered IBT amount for a larger IBT from the 
Catawba River Basin to the Rocky River IBT Basin of the Yadkin River Basin). 

- Alternative 7 - Interconnection with Charlotte Water (IBT from Catawba River 
Basin to the Rocky River IBT Basin of the Yadkin River Basin). 

 Interbasin Transfer Minimization Alternatives: 
- Alternative 8 - Raw water supply through groundwater withdrawal within Union 

County with a new water treatment plant in Union County. 
- Alternative 9 - Water demand management/conservation. 
- Alternative 10 - Direct potable reuse. 
- Alternative 11 - Evaluation of water returns (wastewater) from the Rocky River 

IBT Basin back to the Yadkin River IBT Basin. 
- Alternative 12 - No Action Alternative 

The surface water supply alternatives being evaluated and their relative locations are illustrated 
in Figure 2-3. Detailed descriptions for each alternative being evaluated in this EIS follow. 

3.1. No-Action Alternative (Alternative 12) 
The No Action Alternative (NAA) would not involve additional public water supply by Union 
County Public Works to the County’s Yadkin River Basin Service Area within the Rocky River 
IBT Basin. While the Union County Public Works water supply would not increase under this 
alternative, the County’s population within this service area is still projected to increase, driven 
by economic growth and development within the region. Without a reliable water supply source 
for the Yadkin River Basin Service Area, future water supply within this area would have to be 
supplied either from the existing Catawba River Water Supply Project, through groundwater 
wells, or service connections to other water systems within the Rocky River IBT Basin. After 
expiration of the County’s water purchase contract from Anson County, an existing source of 
available water for this area will no longer be available. 

Meeting the water supply demands for future population growth in the Yadkin River Basin 
Service Area through the Catawba River Water Supply Project is not possible under the 
limitations of the County’s existing grandfathered 5 mgd Catawba River Basin to the Yadkin 
River Basin. The County is currently approaching this existing IBT limit with transfers of water 
from the CRWSP to the Yadkin River Basin Service Area’s existing customer base, and is 
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projected to reach this limit within the next several years. Supporting long-term projected water 
demands within this service area with Catawba River Basin water is not possible without a 
violation of the current IBT limit or significant permit increases to this IBT limit. 

Under the NAA, future water demands within the County’s Yadkin River Basin Service Area may 
have to be self supplied by property owners and other facilities (i.e. industries, institutional 
facilities and commercial businesses) through groundwater wells, which within certain areas 
Union County has elevated concentrations of contaminants such as arsenic, radon, nitrates and 
nitrites, as further detailed in the analysis of Alternative 8. Additionally, supporting such 
projected population growth through individual private groundwater well installations would 
place an additional strain on the current groundwater supply within the County. 

Also, under the NAA, the County may have to rely on connections to other neighboring water 
systems, which are within the Rocky River IBT Basin, to meet the water demands in the Yadkin 
River Basin Service Area, without reliance on an IBT. However, such existing and potential 
connections have not demonstrated an ability to provide the needed capacity to meet Union 
County projected future demand, due to infrastructure limitations (e.g. Alternative 3) and Rocky 
River safe yield limitations (e.g. Alternative 5). Neighboring systems in the Rocky River IBT 
Basin do not have the physical capacity to provide Union County with an adequate supply of 
water to meet current or future demands in the County’s Yadkin River Basin Service Area. 

Finally, an inability for Union County to provide reliable public water supply service to the Yadkin 
River Basin Service Area could result in a need to impose population growth and property 
development moratoria within the County due to limitations of County services (i.e. water 
service). The negative effects of such moratoria, as evidenced in other areas where they have 
been implemented, are often significant and long lasting, slowing or stalling the economic 
growth of the area and leading to the loss of jobs and businesses. The County’s recently 
adopted Unified Development Ordinance, Water Use Ordinance, Comprehensive Plan, and 
Comprehensive Water and Wastewater Master Plan are evidence the County has been and 
continues to proactively plan for future population growth and development, while seeking to 
control water demands, so that such moratoria is not needed. These plans, however, are built 
upon the need to secure a reliable public water supply source to serve residents in the County’s 
Yadkin River Basin Service Area. Such a need is not met by the NAA. 

3.2. Surface Water Supply Alternatives 
3.2.1. Alternative 1 – Yadkin River Basin, Pee Dee River (Lake Tillery) 

3.2.1.1. BACKGROUND 

Union County, through its Public Works Department (UCPW), recently completed a 
Comprehensive Water and Wastewater Master Plan (Black & Veatch, December 2011). This 
Master Plan outlines significant needs for additional water supply in the County’s current, and 
potential, future service areas, and presents alternative scenarios for securing new water supply 
from the Catawba and/or Yadkin River Basins. UCPW also previously completed an Eastern 
Union County Water Supply Project Partner Assessment, Conceptual Study, and Preliminary 
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Permitting and Feasibility Analysis – Executive Summary (2011 EWS Feasibility Analysis) 
(HDR, 2011) that presented various engineering alternatives for bringing a new water supply 
into the eastern part of Union County from the Yadkin River Basin.   

UCPW recognizes the complexities of delivering additional water supply to its customers due to 
the County’s geography and development patterns (i.e., population centers, proximity to water 
sources, and river basin boundaries) as well as the regulatory restrictions/hurdles that exist for 
interbasin transfers. In June 2012, the County entered into a Memorandum of Understanding 
with the Town of Norwood that outlines the general terms for these two local governments 
working collaboratively to provide regional water supply solutions to each of their customers. In 
May 2013, the County and the Town of Norwood completed an Interlocal Intake and 
Transmission Agreement that provided a framework for bringing raw water supply into Union 
County’s Yadkin River Basin Service Area. 

Norwood has an existing raw water intake, raw water pump station and raw water transmission 
line between its water supply source (Lake Tillery, which is a part of the Yadkin River IBT Basin 
within the Yadkin River Basin) and its water treatment facility. In order to provide long term 
reliability in its raw water source for its existing and future customers, Norwood will need to 
improve its existing raw water intake, raw water pump station and raw water transmission line, 
which is expected to be costly. Future improvements and expansion of Norwood’s existing water 
treatment facility would be easier and less costly if Norwood’s raw water intake and pumping 
infrastructure were updated without Norwood bearing all of such expense.  

By joining with Union County, Norwood can achieve these improvements and this expansion, 
and meet potentially more stringent future regulation by sharing the capital, operational and 
maintenance costs thereof with Union County, rather than Norwood absorbing the entire cost.  

In order to supply finished water to some of its retail customers in the Yadkin River Basin 
Service Area, Union County currently purchases water on a wholesale basis from Anson 
County, North Carolina. Anson County does not currently have sufficient capacity to meet the 
projected demand of Union County for finished water. In addition, Union County owns jointly 
with Lancaster County Water and Sewer District, South Carolina, a water treatment facility with 
an intake in the Catawba River. 

While the existing Catawba River Water Supply Project (CRWSP) water treatment facility in 
South Carolina may have sufficient long term supply to handle the demand for finished water in 
the portion of Union County’s service area within the Catawba River Basin, Union County does 
not expect to be able to serve all of its existing and projected water demand in the Rocky River 
IBT Basin of the Yadkin River Basin from its jointly owned water facility on the Catawba River, 
based on current IBT limitations between major river basins. The CRWSP relies upon authority 
granted by both South Carolina and North Carolina to draw water from the Catawba River and 
transfer that water from the Catawba River basin. The CRWSP draws all of its water from an 
intake located below the Lake Wylie dam in South Carolina. South Carolina permitted the 
CRWSP to withdraw a total of 100 mgd (combined for Union County and Lancaster County) 
from the Catawba River. As part of this permit, up to 20 mgd is authorized to be transferred out 
of the Catawba River Basin to the Yadkin Basin. This permit was renewed in 2013 for an 
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additional 30 years. However, Union County’s water transfer from the CRWSP between the 
Catawba and Yadkin River Basins is further limited by an existing North Carolina grandfathered 
IBT limit of 5 mgd.  

Union County prefers not to rely exclusively on interbasin transfers from the Catawba River 
Basin to serve the Yadkin River Basin Service Area, and moreover, cannot meet their projected 
future water demand in the Yadkin River Basin Service Area and stay within their existing North 
Carolina 5 mgd grandfathered IBT amount from the Catawba River in the near term, or its share 
of the existing 20 mgd South Carolina IBT in the long-term. Notwithstanding any conservation, 
water efficiency or water reuse policies that Union County may have presently or in the future, 
Union County needs a reliable, long term water source to satisfy its water demand in the 
eastern part of the County. By joining with Norwood, Union County would be able to meet this 
need. 

The availability of raw water services is vital to the public health, welfare and economic growth 
of Norwood and Union County. Together, Norwood and Union County can achieve 
improvements to their respective infrastructure, certain economies of scale, a long term secure 
source of raw water, and other tangible and intangible benefits for their respective finished water 
customers. Norwood and Union County can establish a water supply and transmission system 
and a regional and inter-governmental approach for supplying raw water services to Norwood 
and Union County, without Norwood or Union County yielding any of their respective control 
over their customer base, service area or water production from their respective water facilities. 

For the foregoing reasons, in 2013, Norwood and Union County entered into an Interlocal Intake 
and Transmission Agreement for the expansion of the raw water intake and raw water pump 
station of Norwood. The intake and pump station are to be constructed by Union County, at its 
expense.  Additionally, this agreement provides for the installation of a raw water transmission 
line from the expanded raw water pump station to a new Union County water treatment facility 
of within Union County, also to be constructed at Union County’s expense. 

3.2.1.2. RAW WATER INTAKE AND PUMP STATION 

The existing Town of Norwood WTP has one raw water intake in Lake Tillery. Lake Tillery is 
formed by the dam at Duke Energy’s Tillery Hydroelectric Plant on the Pee Dee River. The lake 
extends approximately 15 miles upstream from the dam to Alcoa Power Generating Inc.’s 
(APGI) Falls Hydroelectric Development and is located between Falls Reservoir (upstream) and 
Blewett Falls Lake (downstream). The lake forms the boundary between Stanly and 
Montgomery County in the southeastern Piedmont region of North Carolina, approximately four 
miles west of Mount Gilead, North Carolina. Construction of the Tillery Development began in 
1926, and the power plant was placed into service during 1928. At normal operating levels, 
Lake Tillery is about 72 feet deep at the dam. The reservoir surface area is 5,260 acres at that 
level (elevation 278.17’ above mean sea level (msl)) and the usable storage with 22 foot 
drawdown is 88,000 acre-feet. River flows into Lake Tillery are largely controlled by the 
schedule of upstream releases from APGI's four-development Yadkin Project (Duke Energy, 
2014). 
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Norwood’s original intake and raw water pumping station were renovated in 1985 to replace the 
raw water intake screen, suction pipe and discharge pipe from the pump station to the nearby 
water treatment plant. The existing intake has a single 30-inch Johnson-type screen with 
centerline elevation 253.50’ and 16-inch suction line that discharges to the raw water pump 
station, located along the shoreline, at centerline elevation 274.25’. Flow is discharged through 
a 16-inch main to the Town of Norwood WTP, located approximately 800-feet  away from the 
raw water pump station on Allenton Street at South Strand Drive, in Norwood. There is a 
minimal elevation difference between the raw water pump station and WTP. Due to the capacity 
limitations of the existing intake and size and age of the existing Town of Norwood raw water 
pump station, a new raw water intake and pump station is proposed as part of the Interlocal 
Intake and Transmission Agreement (Agreement) between Norwood and Union County. 

Per the Agreement, the initial capacity of the project is to be designed based upon the projected 
combined thirty (30) year water demand of Union County and Norwood, except that Norwood is 
to receive at least 2 mgd maximum daily capacity. Union County would design Norwood’s new 
raw water pumps, ancillary equipment and associated infrastructure so that these pumps and/or 
infrastructure can be expanded or replaced to supply up to 8 mgd of maximum daily raw water 
capacity for Norwood. 

Union County would be responsible for the construction of the raw water intake infrastructure, 
which is to be constructed on the property where Norwood’s existing raw water intake and pump 
station are currently located (465 Bay Shore Drive, Norwood, NC 28128), and upon any 
additional property which may be acquired by Norwood in order to have sufficient land to build 
the facility. If necessary, during construction and until the raw water intake infrastructure is 
complete and operational, Union County would make provisions as required to maintain the 
operation of Norwood’s existing raw water intake and pump station or provide an adequate 
temporary raw water intake sufficient for Norwood to continue to provide finished water to its 
customers. Union County would also construct the connection of Norwood’s raw water pumps to 
the existing raw water transmission infrastructure of Norwood. 

Norwood and Union County would jointly own the expanded raw water intake and the above 
ground structure housing each of Union County’s and Norwood’s raw water pumps. Union 
County would operate, maintain, repair, replace and expand the jointly owned property at Union 
County’s expense, including any repairs or improvements as may be necessary for regulatory 
compliance. The raw water pumps, appurtenances and related infrastructure within the raw 
water pump station providing raw water to Union County, would be owned, operated, 
maintained, repaired, replaced and expanded by Union County, at its expense. The raw water 
pumps of Norwood within the expanded raw water pump station, as well as the appurtenances 
and related infrastructure providing raw water to Norwood, would be owned, operated, 
maintained, repaired, replaced and expanded by Norwood, at its expense, once construction 
has been completed at Union’s County expense. Norwood would continue to own, operate, 
maintain, repair, replace and expand, as it deems necessary within its discretion, the raw water 
transmission line from the raw water pump station to Norwood’s water treatment facility. 
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Conceptual estimates for the intake and pumping station indicate the facility should be sized to 
meet Union County’s projected 2050 maximum daily water demands of 28 mgd and up to 8 mgd 
for the Town of Norwood per their Agreement. Conceptual design for the facility indicates a 48-
inch diameter intake line with a 66-inch diameter screen would be needed to meet both the 
Union County and Town of Norwood combined demand. Under this alternative, the pump 
station facility would need to include four raw water pumps for Union County and up to three 
pumps for the Town of Norwood within a dedicated pump room and an adjacent electrical room. 

3.2.1.3. RAW WATER TRANSMISSION MAIN 

Under the conditions set forth in the Interlocal Intake and Transmission Agreement, Union 
County would be solely responsible for the raw water transmission infrastructure portion of the 
project. However, Norwood would be responsible for acquisition of real property interests in 
Stanly County necessary and/or incidental to the installation and operation of the raw water 
transmission infrastructure. Union County is to pay for the cost of the raw water transmission 
infrastructure. Any and all property interests in Stanly County necessary and/or incidental to 
completion of the Project are to be acquired by Norwood and held in the name of Norwood. 
Upon determination of the final route for the raw water transmission line(s), Norwood would 
work to acquire the necessary property, within the approved transmission line route and as 
specifically approved by Norwood within the municipal limits of Norwood. Union County intends 
to make reasonable efforts to locate and place the raw water transmission infrastructure in 
existing rights-of-way, easements or encroachments, when feasible. 

Union County would own, operate, maintain, repair, replace and expand, as it deems necessary 
within its discretion, the raw water transmission line from the raw water pump station to Union’s 
water treatment facility. Norwood, however, is to cooperate and assist in the acquisition of 
easements or other interests, in order to ensure that Union County is able to construct, own, 
operate, maintain, repair, replace and expand the raw water transmission line. 

There are two proposed raw water transmission main alignments being evaluated for Alternative 
1, which lead to three potential site areas being considered for a future Yadkin River Water 
Treatment Plant in the northeast quadrant of the County. Alternative 1-A predominately utilizes 
roadway right-of-way corridors through Stanly County, into Union County. This alignment 
extends approximately 24 miles from the raw water pump station on Lake Tillery to the 
proposed Site Area A for the Yadkin River Water Treatment Plant. For WTP Site Areas B and C, 
the alignment extends an additional 8 and 7 miles, respectively. Alternative 1-B utilizes an 
existing power utility easement that extends northwestward out of Norwood and then 
southwestward through Oakboro. This alignment length is approximately 26 miles from the raw 
water pump station on Lake Tillery to the proposed Site Area A for the Yadkin River Water 
Treatment Plant. For WTP Site Areas B and C, the alignment extends an additional 8 and 7 
miles, respectively.   

For both alignments, conceptual raw water transmission design indicates the need for parallel 
36-inch diameter ductile iron pipe. These two transmission mains have been conceptually sized 
to accommodate Union County’s average 2050 daily demand flow projection (16.5 mgd) in a 
single 36-inch pipe and the 2050 maximum daily demand (28 mgd) by utilizing both 36-inch 
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pipes. This parallel configuration is proposed to provide redundancy in the raw water 
transmission infrastructure. The proposed routes are reflected as Alternative 1A and 1B on 
Figure 2-3. The detailed study corridor for these proposed routes are also reflected in Figure 3-
1a. 

Alternative 1-A Alignment 

WTP Site Area A 
The proposed Alternative 1-A route for Union County’s raw water transmission main begins in 
Stanly County at the proposed Raw Water Pump Station on the shores of Lake Tillery near the 
intersection of Allentown Street and Bayshore Drive in Norwood. The line would extend 
westward along Allenton Street and then briefly travel northward along Alberta Street to avoid 
significant underground utility (water, sewer and natural gas) congestion which currently exists 
along Allenton Street. The alignment would travel westward along a relatively large single-owner 
property to Story Street. The transmission main would turn southward onto Vincent Street, and 
then westward on Lily Street. The line would then turn southwestward onto East Whitley Street, 
following this road out of Norwood where it becomes Whitley Road, eventually merging with Mt 
Zion Church Road. The line would follow Mt Zion Church Road to Hardy Road, at which point it 
would travel northwestward along Hardy Road until reaching Plank Road. At the Hardy Road 
intersection with Plank Road, the line continues in a northwestward direction along Plank Road 
through Cottonville and then northward toward Aquadale. At the intersection of Plank Road and 
Rocky Springs Road, the alignment turns westward and briefly follows Rocky River Springs 
Road, then cutting overland to NC-138. The line would follow NC-138 west toward Oakboro. At 
the intersection of NC-138 with Richard Sandy Road, just east of Oakboro, the line would briefly 
travel southward on Richard Sandy Road before turning southwest and traveling overland to 
American Drive. The line would continue along American Drive, crossing NC-742 and continuing 
along an existing service drive to Rocky River Road. The line would turn southward and follow 
Rocky River Road to Old Sandbar Road. The line would then briefly follow Old Sandbar Road 
westward to NC-205, at which point it follows NC-205 south into Union County, while crossing 
the Rocky River. The line would continue southward along NC-205 to the proposed Site Area A 
for the Yadkin River Water Treatment Plant, located just north of New Salem, near Old Kennedy 
Fork Road. 

WTP Site Area B 
The proposed Alternative 1-A raw water transmission line alignment to the proposed Yadkin 
River Water Treatment Plant Site Area B is identical to that of Site Area A, described above, 
except the alignment continues an additional 8 miles to the proposed treatment plant site. The 
alignment continues southward along NC-205 past Site Area A to NC-218 at New Salem. The 
alignment turns southwest on NC-218 and travel to Haigler Gin Road, where it would turn onto 
this road. The alignment follows Haigler Gin Road to the southwest and would travel to Morgan 
Mill Road (NC-200), where it would turn and continue south on Morgan Mill Road. The line 
would then turn west off of Morgan Mill Road onto Henry Baucom Road to the proposed Site 
Area B for the Yadkin River Water Treatment Plant, in the proximity of Henry Baucom and 
Haigler Baucom Roads. 
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WTP Site Area C 
The proposed Alternative 1-A raw water transmission line alignment to the proposed Yadkin 
River Water Treatment Plant Site Area C is identical to that of Site Area A, previously described, 
except the alignment continues an additional 7 miles to the proposed treatment plant site. The 
alignment continues southward along NC-205 past Site Area A, crossing NC-218 at New Salem. 
The proposed alignment continues south on NC-205, diverging to the southwest onto New 
Salem Road. The alignment continues to follow New Salem Road to the southwest to the 
proposed Site Area C for the Yadkin River Water Treatment Plant, in the proximity of Mullis 
Newsome Road, Baucom Tarleton Road and Lawyers Road. There are several nearby 
residential communities in the proximity of the proposed site area, including the Cheshire Glen 
development. 

Alternative 1-B Alignment 

WTP Site Area A 
The proposed Alternative 1-A route for Union County’s raw water transmission main to the 
proposed Yadkin River Water Treatment Plant Site Area A would begin in Stanly County at the 
proposed Raw Water Pump Station on the shores of Lake Tillery near the intersection of 
Allentown Street and Bayshore Drive in Norwood. The line would extend westward along 
Allenton Street and then briefly travel northward along Alberta Street to avoid significant 
underground utility (water, sewer and natural gas) congestion which currently exists along 
Allenton Street. The alignment travels westward along a relatively large single-owner property to 
Story Street. The transmission main would turn southward onto Vincent Street, and then 
westward on Lily Street. The line would then turn southwestward onto East Whitley Street, 
following this road to the intersection of North Kendall Street. The alignment follows North 
Kendal Street (eventually becoming Brickyard Road) northwestward to South Stanly School 
Road. The alignment briefly follows an existing railroad right-of-way to a power utility easement 
belonging to Pee Dee Electric. The alignment would then follow this utility easement to the 
northwest to a point near NC 24/27. At this point, the alignment follows the utility easement to 
the southwest into Oakboro. The transmission main would continue to follow the easement 
through Oakboro along 7th Street and then cut overland, near the site of an existing power sub-
station, to NC-205. At this point the proposed alignment follows NC-205 south into Union 
County, while crossing the Rocky River. The line would continue southward along NC-205 to the 
proposed Site Area A for the Yadkin River Water Treatment Plant, located just north of New 
Salem, near Old Kennedy Fork Road. 

WTP Site Area B 
The proposed Alternative 1-B raw water transmission line alignment to the proposed Yadkin 
River Water Treatment Plant Site Area B is identical to that of Site Area A, described above, 
except the alignment continues an additional 8 miles to the proposed treatment plant site. The 
additional alignment length from the proposed WTP Site Area A to Site Area B is identical to 
that as previously described for Site Area B under Alternative 1-A. 

  

39 



Union County Public Works | Environmental Impact Statement 
ALTERNATIVES ANALYSIS  

 

WTP Site Area C 
The proposed Alternative 1-B raw water transmission line alignment to the proposed Yadkin 
River Water Treatment Plant Site Area C is identical to that of Site Area A, described above, 
except the alignment continues an additional 7 miles to the proposed treatment plant site. The 
additional alignment length from the proposed WTP Site Area A to Site Area C is identical to 
that as previously described for Site Area C under Alternative 1-A. 

3.2.1.4. WATER TREATMENT PLANT 

Under the provisions stipulated in the Interlocal Intake and Transmission Agreement, Union 
County is to be solely responsible for the permitting, design, construction and oversight for the 
Yadkin River Water Treatment Plant and would fund the entire cost of the Yadkin River Water 
Treatment Plant. The Town of Norwood would be solely responsible for the permitting, design, 
construction and oversight of the Norwood finished water distribution infrastructure and will fund 
the entire cost of this infrastructure. Therefore, considerations for only Union County’s proposed 
Yadkin River Water Treatment Plant are addressed by this EIS. It is noted, however, that the 
approval of any new water treatment plant would have to be approved through a separate 
permitting process.  For purposes of evaluating impacts of the interbasin transfer for this EIS 
document, the proposed water treatment plant has also been considered. 

Three potential site areas for the Yadkin River Water Treatment Plant have been identified 
within the northeastern portion of Union, which are viable locations for the Yadkin River Water 
Supply Project - Alternative 1A and 1B. While specific parcels have not been selected, general 
study areas have been identified as one-mile diameter areas that would be suitable locations for 
a new water treatment plant, with considerations being given to existing geographic, 
environmental and physical features. These study areas are designated as Proposed WTP 
Siting Areas A, B and C, as denoted in Figure 2-3. Selection of a final WTP site will not be 
completed until formal design of the project, and will be based upon actual availability and 
suitability of land at the time of project design.  As such, specific identification or selection of a 
preferred site cannot be made at this time. However, it is anticipated the WTP will be located in 
one of the three identified siting areas evaluated as part of this EIS. 

A conceptual level water treatment plant design was developed to better evaluate the potential 
land area requirements and costs associated with implementing the Yadkin River Water Supply 
Project. It is important to note that this evaluation is conceptual in its nature and does not seek 
to identify the exact layout or actual design features of the proposed Yadkin River WTP, nor 
does it represent a commitment by Union County to use a certain treatment technology for this 
future facility. Actual details of the facility must be determined at a later date, based on the final 
WTP site selected and treatment processes required, based on future detailed facility design 
and water quality characteristics of the actual source water supply, which have not yet been 
determined. 

The proposed facilities must be designed to effectively treat the raw water supply for the 
selected water source alternative by meeting existing and potential future Safe Drinking Water 
Act (SDWA) requirements and protecting public health. It is anticipated that this new facility be 
built in three distinct phases to meet the projected increasing Union County water demands 
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(based on a maximum daily value to determine treatment plant capacities) for the YRWSP 
through the Year 2050. The proposed project phases are outlined in Table 3-1. 

Table 3-1 Yadkin River Water Supply Project – Proposed Water Treatment Plant Capacity  
Project Phase YRWSP Capacity 
Phase 1  12 mgd  
Phase 2  20 mgd  
Phase 3  28 mgd  
  
Raw water quality data was obtained from Monthly Water Quality Study of Lake Tillery, Blewett 
Falls Lake, and Associated Tailwaters (Progress Energy, 2006). The data illustrates that the raw 
water supply within the Pee Dee River has moderate total organic carbon (TOC) concentrations 
from 2.9-4.9 mg/L, average surface water turbidity levels with moderate variations from 10-24 
Nephelometric Turbidity Units (NTU), low alkalinity at 21-33 mg/L, low hardness at 21-51 mg/L, 
pH ranging from 7-8, and seasonally elevated dissolved iron and manganese concentrations.  

From a treatability and water quality perspective, lower TOC concentrations are beneficial 
because organic compounds in the water supply (measured as TOC) can react with chlorine 
used to disinfect the water to form disinfection by-products (DBPs). DBPs are regulated by the 
Environmental Protection Agency (EPA) because elevated DBPs have been linked to certain 
forms of cancer and adverse pregnancy outcomes. Current regulated DBPs include 
Trihalomethanes (THMs) and Haloacetic Acids (HAA5s). The concentration of DBPs formed is a 
function of several factors including the concentration of TOC in the water at the point of 
disinfection injection, the type of organic compounds that make up the TOC, temperature, pH, 
concentration of disinfectant, type of disinfectant (chlorine, chloramines, ozone, chloride 
dioxide), and the amount of time the disinfectant is allowed to react with treated water prior to 
removal for consumptive use.  

Low alkalinity and hardness impacts water stability, which can lead to corrosive conditions and 
leaching of lead and copper from service lines and plumbing fixtures. Lead and copper are both 
regulated by the EPA under the Safe Drinking Water Act (SDWA). pH can also impact water 
stability. The addition of primary coagulants such as aluminum and ferric salts can lower the 
alkalinity and therefore require that additional external sources of alkalinity are needed to assure 
water stability and optimize disinfection. 

Iron and manganese are regulated as secondary drinking water contaminants due to their 
aesthetic impacts on the water supply, including staining of fixtures and clothes, and tastes and 
odors. In their reduced forms, iron and manganese remain in solution but, once oxidized, they 
precipitate. Typically, under anoxic conditions (lack of oxygen) such as in submerged intakes in 
a stratified lake, iron and manganese are in their reduced soluble forms and must be oxidized in 
the treatment process to remove these constituents.  

Based on the historical raw water quality for the various water supplies, State Drinking Water 
Act compliance requirements and potential future drinking water resolutions, the following 
process train was considered for the purpose of conceptually evaluating the proposed water 
treatment plant: 
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1. Rapid Mix 
2. Coagulation/Flocculation/Sedimentation 
3. Ozone 
4. Biofiltration 
5. Disinfection 
6. Chemical Systems   
7. Finished Water Storage, Pumping and Transmission 
8. Residuals Handling 

A description of the basic conceptual level process components is summarized below. 

Rapid Mix 
The rapid mix unit would provide the required mixing energy for effective chemical mixing and 
coagulation. It was assumed two 10’ by 10’ concrete tanks with mechanical backmixers would 
be constructed for the first phase. In Phase 2, the mixers would be upgraded to impart enough 
mixing energy to treat Phase 2 flows. For the facility build-out, a third rapid mix tank and mixer 
would be added. A coagulant such as alum or ferric sulfate would be used as a primary 
coagulant with caustic addition capability to maintain alkalinity. 

Flocculation/Sedimentation 
The coagulated water from the rapid mix process would then be conveyed to high rate 
processes such as solids contact clarifier units, each having a capacity up to 8 mgd. For 
conceptual planning purposes, it was assumed that two units would be needed during the initial 
WTP construction phase, with an additional unit required in Phase 2 and another in Phase 3. 
One such option for this technology is a high rate solids contact clarifier which combines 
flocculation and sedimentation in one basin. Such units consist of a vacuum chamber, basin 
distribution channel, distribution and collection laterals and settling plates. The vacuum chamber 
controls the flow into the basin distribution channel and causes the water level to rise and fall on 
a defined cycle. This pulsation facilitates a complete flocculation reaction. The flocculated water 
travels through the settling plates and clarified effluent is collected in the laterals located about 
the plates. Solids are collected periodically via sludge collection piping. To aid with the 
sedimentation process, coagulant aid polymer would typically be added. 

Intermediate Ozone 
The use of ozone can be implemented at many places in a water treatment facility. Location 
varies based on source water quality and existing treatment processes. One option, referred to 
as intermediate ozonation, occurs just after sedimentation. The settled water is ozonated with 
ozone generated on-site with liquid oxygen, an ozone generator, and power supply unit. Ozone 
can be applied via bottom diffusers in a deep contact tank or through a side stream injection 
system and contactor. Ozone oxidizes complex organic matter found in the raw water and 
breaks these organics down to smaller compounds that can be removed on biofilters. Ozone 
can also be used a primary disinfectant to inactivate pathogenic protozoa such as Giardia and 
Cryptosporidium. Ozonation also improves the filterability of the water and can oxidize dissolved 
metals such as iron and manganese. The ozonation system would include liquid oxygen (LOX), 
ozone generators, power supply units, cooling water, ozone distribution and ozone destruct 
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facilities. For conceptual planning purposes, two ozone contactor units were assumed 
necessary during the initial WTP construction, with a third unit needed during Phase 3. 

Filtration 
Granular media filtration follows the ozonation process to remove the remaining particulate 
matter in the settled water. It also provides another barrier against pathogenic protozoa such as 
Giardia and Cryptosporidium. The conceptual WTP layout assumes that the filters would consist 
of granular filter media, gravel bed, underdrains, filter influent and effluent channels and a 
backwash system. Typical filtration media would include a layer of sand (6-12 inches) and 
granular activated carbon (GAC) (24-48 inches). GAC media would be used in the granular 
media filters and will be operated biologically. Provision for filter aid polymer on top of the filters 
was also assumed for conceptual WTP planning purposes. For conceptual planning purposes, 
four filtration units were assumed necessary during the initial WTP construction, with two 
additional units needed during Phase 2 and another two units in Phase 3. 

Post Filtration Treatment 
One issue of concern related to the various potential water supply sources is the formation of 
DBPs. Elevated DBPs (THMs and HAA5s) have historically been experienced in Union County’s 
Yadkin River Basin Service Area with finished water received from the Anson County WTP. This 
is due, in part, to the finished water TOC levels at the Anson County WTP and due to the 
extended water age from the long conveyance distance. This concern resulted in Anson County 
switching from free chlorine secondary disinfection to chloramination in 2009. Adding ammonia 
to form chloramines prior to finished water conveyance from any of the various sources halts the 
production of many DBPs.  

Two strategies for reducing DBP formation includes implementing treatment processes that 
reduce the level of TOC prior to the addition of free chlorine or minimizing free chlorine 
disinfection and utilizing chloramines as a secondary disinfectant. TOC reduction can be 
accomplished in a number of ways including pretreatment with Powdered Activated Carbon 
(PAC) or a preoxidant, such as chlorine dioxide; pretreatment with the MIEX® process; or post 
treatment with granular activated carbon filters. The use of ozone with biofiltration is another 
strategy employed to reduce DBP production. For the conceptual planning purposes for the new 
Yadkin River WTP as part of this evaluation, it was assumed that the treatment train would 
include ozone with biofiltration to reduce TOC and DBPs. As mentioned above, ozone can also 
be used as a disinfectant to reduce DBP’s. For conceptual design purposes it was also 
assumed that PAC would be provided as a pretreatment chemical for organics removal. 

Disinfection 
Disinfection is the vital part of the treatment plant to achieve regulatory compliance for the 
inactivation of Giardia and Cryptosporidium, and meet residual disinfection requirements in the 
distribution system. Primary/secondary disinfection can be accomplished by:  

• Chlorination/Chlorination 
• Chlorination/Chloramination 
• Ozonation/Chlorination or Chloramination  
• UV/Chlorination or Chloramination  
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This conceptual WTP planning analysis and associated costs assumes the use of ozone for 
primary disinfection and chloramines for secondary disinfection. It was assumed the water 
supply would fall into Bin 1 Classification under the United States Environmental Protection 
Agency’s (EPA) Long Term 2 Enhanced Water Treatment Rule. The purpose of this rule is to 
reduce disease incidence associated with Cryptosporidium and other pathogenic 
microorganisms in drinking water. The rule, as published in the Federal Register on January 5, 
2006, applies to all public water systems that use surface water or ground water that is under 
the direct influence of surface water. 

Chemical Feed Systems 
Chemical feed facilities should, at a minimum, include the storage and metering pumps for PAC, 
primary coagulant, coagulant aid polymer, sodium hydroxide, filter aid polymer, sodium 
hypochlorite, fluoride, and orthophosphate. Additional chemicals may be needed based on the 
raw water quality, treatment goals and disinfection strategy. For the preliminary dosages, 
assumptions were based on the chemical dosages used at the Anson County WTP to treat 
similar raw water supplies from the Yadkin-Pee Dee River. For conceptual planning, the 
proposed chemical feed systems were based on the design WTP flows for each expansion 
phase. As part of the conceptual WTP layout, these systems are proposed to be housed within 
a dedicated chemical feed building. 

Finished Water Storage 
Finished water storage was assumed to consist of prestressed concrete baffled clearwells that 
have sufficient storage capacity for the demand and operational requirements (such as the 
necessary filter backwash volume) and to meet the requirements of the Surface Water 
Treatment Rule with respect to disinfectant contact time (C-t). Two, 2-MG ground level 
clearwells were included in the conceptual WTP layout, which would be constructed during the 
initial phase of the WTP construction.  

Finished Water Pumping 
As discussed in Section 2, Union County’s demand for finished water from the proposed Yadkin 
River WTP is projected to increase throughout the planning period of the project within the 
County’s Yadkin River Basin Service Area and from wholesale water purchases from the Town 
of Wingate (including Wingate University). Conceptual finished water pump sizing for this 
evaluation was based on these projected water demand needs. The exact nature of how water 
will be transmitted from the proposed water treatment plant has not been evaluated as part of 
this conceptual WTP evaluation.  

A finished water pump station is proposed to convey finished water from the clearwells by 
gravity to vertical cans associated with the finished water distribution pumps. For conceptual 
planning purposes it was assumed that variable speed vertical turbine pumps would be used to 
convey finished water to the Yadkin River Basin Service Area.  

Residuals Treatment  
Residuals make up a small percentage (typically 5-10%) of the treated raw water. The main 
sources of the residuals are filter backwash, filter-to-waste, and blowdown solids from the 
sedimentation process. Typically, filter backwash exhibits lower concentrations of total 
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suspended solids (TSS) than do the blowdown solids. Residuals handling can be achieved in 
three different ways:  

• Discharging into the sewer  
• Treatment via Settling/Thickening/Dewatering with treated water discharged to a sewer, 

surface water body, or recycled and solids either land applied or landfilled.  
• Lagooning of solids in a large lagoon with periodic disposal. 

Discharging into the sewer would require pH adjustment and an equalization tank. Also, there 
may be a cost associated with sampling, pretreatment, and surcharge fees to the receiving 
utility. The proposed WTP sites areas currently being evaluated are not adjacent to a public 
sewer system. 

The Settling/Thickening/Dewatering option would require an equalization tank, settling process 
and a thickening process to increase the solids content. The backwash waste is typically 
equalized and discharged to a settling basin. For this analysis it was assumed that plate settlers 
would be used to settle backwash solids. The blowdown was assumed to be combined with the 
underflow of the plate settlers and thickened in gravity thickeners prior to dewatering. Thickened 
solids would then be transferred to a thickened solids storage tank where they are kept in 
suspension until they are transferred to the dewatering units. For this conceptual WTP layout, it 
was assumed that the dewatering process would be employed to increase the solids content to 
a level suitable for hauling to a compost or landfill facility. Supernatants from these processes 
would be returned back to the equalization tank. Due to the extensive land requirements for this 
method of residuals treatment, lagooning was not considered as a viable option for this project.  

Illustration 3-4 depicts a conceptual layout of the proposed Union County Yadkin River WTP 
with applicable expansion phases indicated by color. It is noted that this layout is conceptual in 
nature only and is indicative of a typical WTP with the treatment methods previously described. 
Actual layout of the Yadkin River WTP will vary from that shown, based on final design of the 
facility, actual WTP site location selected and final treatment train processes to be used. 
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Illustration 3-4 Conceptual Layout for the Proposed Union County Yadkin River Water Treatment Plant  
(Note: This layout is provided for WTP concept visualization purposes only) 

3.2.2. Alternative 2 – Yadkin River Basin, Yadkin River (Narrows and Tuckertown 
Reservoirs) 

3.2.2.1. BACKGROUND 

Alternative 2 seeks to evaluate the potential for meeting the needs of Union County’s Yadkin 
River Water Supply Project using the either Narrows Reservoir (Badin Lake; Alternative 2A) or 
Tuckertown Reservoir (Alternative 2B), both of which are in the Yadkin River IBT Basin of the 
Yadkin River Basin, as a surface water supply. Because the Yadkin River Water Supply Project 
will serve customers in Union County’s Yadkin River Basin Service Area (Rocky River IBT 
Basin), the withdrawal of water from the Yadkin River IBT Basin to serve these customers is 
considered an interbasin transfer, as the withdrawal and use points are within different IBT 
basins, as defined in North Carolina General Statute 143-215.22L. 

In an effort to secure a reliable source of water to serve Union County’s Yadkin River Basin 
Service Area within the Rocky River IBT Basin as part of the Yadkin River Water Supply Project, 
potential regional partners for a long-term raw water supply were previously evaluated as part of 
the 2008 Union County Easter Water Supply Preliminary Engineering Report. Of these potential 
partners, the previous study considered an option for securing either raw or finished water from 
the City of Albemarle’s Narrows Reservoir (Badin Lake) source and US-52 Water Treatment 
Plant. 
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The City of Albemarle is located in Stanly County, approximately 12 ½ miles northeast of the 
northeastern border of Union County with Stanly and Anson County. Albemarle’s Public Utilities 
Department provides electric, water and sewer services for residential, commercial and 
industrial customers in Albemarle and surrounding areas and serves a population of almost 
16,000. As identified in its 2014 North Carolina Local Water Supply Plan, Albemarle sells water 
to Pfeiffer-North Stanly Water (0.495 mgd), Stanly County (1.433 mgd). Additionally, a water line 
from Albemarle to the City of Concord is under construction, which will eventually supply the 
cities of Concord and Kannapolis with finished water from the Yadkin River Basin as part of an 
IBT Certificate issued in 2007 by the EMC. 

The City of Albemarle obtains its drinking water from two surface water sources. The first source 
is the Narrows Reservoir (Badin Lake) and the second source is the Tuckertown Reservoir. 
Both of these reservoirs are located along the Yadkin River in the Yadkin River IBT Basin of the 
Yadkin River Basin. The water from Narrows Reservoir (Badin Lake) is treated to produce 
drinking water at the City’s water treatment plant located on US Highway 52 North. The water 
from the Tuckertown Reservoir is treated at the Tuckertown Water Treatment Plant, located on 
NC Highway 49, near the Stanly and Rowan County boundary. The drinking water from both of 
these water treatment plants is blended together in the water distribution system, although a few 
users in the northern section of Albemarle get their water solely from the water plant on US-52 
(City of Albemarle, 2012). 

Alternative 2A seeks to evaluate the option for Union County to partner with the City of 
Albemarle to secure up to 23 mgd (maximum month daily average demand; equivalent to 28 
mgd maximum day demand) of raw water from Albemarle’s Narrows Reservoir (Badin Lake) 
intake, to be transferred by a new raw water transmission main through Stanly County and into 
Union County to the site of a proposed new North Union Water Treatment Plant, located in the 
northeastern portion of Union County.  

Alternative 2B seeks to evaluate the option for Union County to partner with the City of 
Albemarle to secure up to 23 mgd (maximum month daily average demand; equivalent to 28 
mgd maximum day demand) of raw water from Albemarle’s Tuckertown Reservoir intake, to be 
transferred by a new raw water transmission main through Stanly County and into Union County 
to the site of a proposed new North Union Water Treatment Plant, located in the northeastern 
portion of Union County.  

3.2.2.2. RAW WATER INTAKE AND PUMP STATION 

Alternative 2A - Expand City of Albemarle’s Narrows Reservoir (Badin Lake) intake 

The City of Albemarle’s US-52 WTP is served by a raw water intake in Narrows Reservoir 
(Badin Lake). This reservoir is formed by the dam at Alcoa Power Generating Inc.’s (APGI) 
Narrows Hydroelectric Plant on the Yadkin River, at river mile 236.5. The Narrows development 
is located in Davidson, Stanly and Montgomery counties, North Carolina, between Tuckertown 
Reservoir (upstream) and Falls Reservoir (downstream). Completed in 1917, the Narrows 
development was the first of APGI’s Yadkin Project developments to be built. The dam 
impounds a reservoir (Narrows Reservoir or Badin Lake) that has a normal full pool area of 
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5,355 acres and a drainage area of 4,180 square miles. The normal full pool elevation of 
Narrows Reservoir (Badin Lake) is 509.8 feet msl. 

Narrows Reservoir (Badin Lake) has some storage available and a maximum drawdown 
capability of approximately 30 feet. During normal operations, the lake typically fluctuates within 
a 3 foot range. However, available storage at Narrows Reservoir (Badin Lake) may be used 
during periods of drought in order to help maintain the required minimum downstream releases. 
Drawdowns during such periods can exceed 3 feet (Alcoa Power Generating Inc., 2014). 

In 2014, Albemarle withdrew an average annual daily volume of 3.15 mgd (8.25 mgd maximum 
day) from Narrows Reservoir (Badin Lake). The maximum permitted withdrawal for this intake is 
9 mgd, according to the City’s 2014 Local Water Supply Plan. According to this Plan, 
Albemarle’s total water supply demand projected for year 2050 is 8.87 mgd (49 percent of their 
total water supply available from both the Narrows (Badin) and Tuckertown Reservoir sources.) 
Based on 2014 data, 53 percent of Albemarle’s total water withdrawals were from Narrows 
Reservoir (Badin Lake). Under the assumption that this ratio remains similar through 2050, it is 
estimated that by the year 2050 there will be 4.3 mgd of remaining permitted water supply 
available from Albemarle’s Narrows Reservoir (Badin Lake) source, based on the current 
permitted withdrawal limits. 

In order to meet the 2050 projected maximum day demand of 28 mgd for Union County, as well 
as supply its own customers, Albemarle’s permitted withdrawal from Narrows Reservoir (Badin 
Lake) would need to be increased by at least 23.7 mgd to a total permitted withdrawal of 
approximately 34 mgd. Such an increase would inherently require a major expansion of 
Albemarle’s existing intake for increased withdrawal capacity for both utilities, or more likely the 
construction of a new dedicated intake and pump station to meet Union County demand for the 
YRWSP. 

For purposes of Alternative 2A, it has been assumed a new intake and pumping station would 
be constructed to meet Union County’s water needs only and built adjacent to Albemarle’s 
existing raw water intake facility on Narrows Reservoir (Badin Lake). The new facility would be 
sized for the final phase (Phase 3) of expansion to meet Union County’s projected 2050 
maximum daily water demands of 28 mgd. Conceptual design for the facility indicates a 42-inch 
diameter intake line with a 60-inch diameter screen would be needed to meet this demand. 
Under this alternative, the pump station facility would need to include four raw water pumps 
within a dedicated pump room and an adjacent electrical room. If the City of Albemarle does 
desire to update their intake and pumping station jointly with Union County as part of the 
YRWSP, then the proposed pumping station would consist of the four Union County pumps and 
three City of Albemarle pumps within a dedicated pumping room and a common electrical room. 

Alternative 2B - Expand City of Albemarle’s Tuckertown Reservoir intake 

The City of Albemarle’s Tuckertown WTP is served by a nearby raw water intake in Tuckertown 
Reservoir. Tuckertown Reservoir is formed by the dam at Alcoa Power Generating Inc.’s (APGI) 
Tuckertown Hydroelectric Plant on the Yadkin River, at river mile 244.3. The Tuckertown 
development is located in Rowan, Davidson, Stanly, and Montgomery counties, North Carolina, 
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between High Rock Lake (upstream) and Narrows Reservoir (Badin Lake) (downstream). 
Completed in 1962, the Tuckertown development was the last of APGI’s Yadkin Project 
developments to be built. The Tuckertown development consists of a dam, powerhouse, and 
reservoir. Tuckertown Reservoir has a normal full pool area of 2,560 acres and a drainage area 
of 4,080 square miles. The normal full pool elevation of Tuckertown Reservoir is 564.7 feet msl. 

The Tuckertown development is operated as a run-of-river facility. Due to its limited ability to 
store water, Tuckertown is operated with a normal daily fluctuation of 0 to 3 feet and there is no 
seasonal drawdown. The maximum drawdown capability at Tuckertown is approximately 3 feet 
(Alcoa Power Generating Inc., 2014). 

In 2014, Albemarle withdrew an average annual daily volume of 2.84 mgd from Tuckertown 
Reservoir. The maximum permitted withdrawal for this intake is 9 MGD, according to the City’s 
2014 Local Water Supply Plan. According to this Plan, Albemarle’s total water supply demand 
projected for year 2050 is 8.87 mgd (53 percent of their total water supply available from both 
the Narrows Reservoir (Badin Lake) and Tuckertown Reservoir sources). Based on 2014 data, 
47 percent of Albemarle’s total water withdrawals were from Tuckertown Reservoir. Under the 
assumption that this ratio remains similar through 2050, it is estimated that by the year 2050 
there will be 4.2 mgd of additional available water supply from Albemarle’s Tuckertown 
Reservoir source, based on the current permitted withdrawal limits. 

In order to meet the 2050 projected maximum day demand of 28 mgd for Union County, as well 
as supply its own customers, Albemarle’s permitted withdrawal from Tuckertown Reservoir 
would need to be increased by at least 23.8 mgd to a total permitted withdrawal of 
approximately 32 mgd. Such an increase would inherently require a major expansion of 
Albemarle’s existing intake for increased withdrawal capacity, or more likely the construction of 
a new dedicated intake and pump station to meet Union County demand for the YRWSP. 

For purposes of Alternative 2B, it has been assumed a new intake and pumping station would 
be constructed to meet Union County’s water needs only and built adjacent to Albemarle’s 
existing raw water intake facility on Tuckertown Reservoir. Details of the new facility are similar 
to those previously described for Alternative 2A. If the City of Albemarle does desire to update 
their intake and pumping station jointly with Union County as part of the YRWSP, then the 
proposed pumping station would need to accommodate pumping infrastructure and equipment 
for both entities as described in Alternative 2A. 

3.2.2.3. RAW WATER TRANSMISSION MAIN 

Alternative 2A - City of Albemarle’s Narrows Reservoir (Badin Lake) Intake to Union 
County 

Similar to Alternative 1, conceptual raw water transmission design indicates the need for parallel 
36-inch diameter ductile iron pipe for Alternative 2A to provide necessary redundancy and meet 
Union County’s 2050 water demands. This proposed alignment extends approximately 35 miles 
from the raw water pump station on Narrows Reservoir (Badin Lake) to the proposed Site Area 
A for the Yadkin River Water Treatment Plant. For the proposed WTP Site Areas B and C, the 
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alignment extends an additional 8 and 7 miles, respectively. The proposed route is reflected as 
Alternative 2A on Figure 2-3. The detailed study corridor for this proposed route is also reflected 
in Figure 3-1a. 

WTP Site Area A 
The proposed route for Union County’s raw water transmission main would begin in Stanly 
County at the proposed raw water pump station on the shores of Narrows Reservoir (Badin 
Lake) at the site of the City of Albemarle’s existing intake and travel along the same corridor as 
the City of Albemarle’s existing raw water line from Narrows Reservoir (Badin Lake) to their US-
52 Water Treatment Plant, before being directed through Stanly County and into Union County 
to a proposed new water treatment plant location. This existing City of Albemarle intake site is 
located at the end of Pumphouse Road, adjacent to the railroad trestle crossing over Narrows 
Reservoir (Badin Lake) at the Stanly-Montgomery County Line, northwest of New London. The 
proposed Union County raw water transmission main would follow the path of Albemarle’s raw 
water line easement, which roughly follows Old Whitney Road southwest to Mountain Creek 
Road, and continues southwest to Airport Road. At Airport Road, the proposed alignment turns 
west and travels to US-52, near the City of Albemarle’s US-52 Water Treatment Plant.   

From the existing water treatment plant, the Union County raw water line would continue and 
turn westward, cross US-52 and follow Bethany Road to Old Salisbury Road where it would 
then turn southward and travel along Old Salisbury Road to Mann Road. At this intersection, the 
line will briefly travel westward on Mann Road before turning southward onto Charlie Road to 
extend to Pennington Road. The line will follow Pennington Road (eventually becoming Laurel 
Street) south to the intersection with Concord Road (NC-73). The line would follow NC-73 
southeast to Church Street in Albemarle and turn southward to West Main Street. The proposed 
alignment follows West Main Street southwestward to St. Martin Road (NC-1963). The line 
would then follow St. Martin Road south into Oakboro, where the road becomes East First 
Street. The line would continue to follow East First Street to the intersection of South Main 
Street (NC-742), where it would then cross South Main Street and briefly follow Railroad Street 
westward to West Second Street (NC-205). The line would then travel south along NC-205 to 
the Union County line where it would cross the Rocky River. The line would continue south 
along NC-205 in Union County to the proposed Site Area A for the Yadkin River Water 
Treatment Plant, located just north of New Salem, near Old Kennedy Fork Road. 

WTP Site Area B 
The proposed Alternative 2-A raw water transmission line alignment to the proposed Yadkin 
River Water Treatment Plant Site Area B is identical to that of Site Area A, described above, 
except the alignment would continue an additional 8 miles to the proposed treatment plant site. 
The additional alignment length from the proposed WTP Site Area A to Site Area B is identical 
to that as previously described for Site Area B under Alternative 1-A. 

WTP Site Area C 
The proposed Alternative 2-A raw water transmission line alignment to the proposed Yadkin 
River Water Treatment Plant Site Area C is identical to that of Site Area A, described above, 
except the alignment would continue an additional 7 miles to the proposed treatment plant site. 
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The additional alignment length from the proposed WTP Site Area A to Site Area C is identical 
to that as previously described for Site Area C under Alternative 1-A. 

Alternative 2B - City of Albemarle’s Tuckertown Reservoir Intake to Union County 

Similar to Alternative 2A, conceptual raw water transmission design indicates the need for 
parallel 36” diameter ductile iron pipe for Alternative 2B to provide necessary redundancy and 
meet Union County’s 2050 water demands. This proposed alignment extends approximately 35 
miles from the raw water pump station on Tuckertown Reservoir to the proposed Site Area A for 
the Yadkin River Water Treatment Plant. For the proposed WTP Site Areas B and C, the 
alignment extends an additional 8 and 7 miles, respectively. The proposed route is reflected as 
Alternative 2B on Figure 2-3. The detailed study corridor for this proposed route is also reflected 
in Figure 3-1a. 

WTP Site Area A 
The proposed route for Union County’s raw water transmission main would begin in the 
northernmost part of Stanly County at the proposed raw water pump station on the shores of 
Tuckertown Reservoir at the site of the City of Albemarle’s existing intake and Tuckertown 
Water Treatment Plant. This site is located near the intersection of NC-49 and NC-8 northeast 
of Richfield. The line would extend south along NC-8 and then follow US-52 south once NC-8 
merges with US-52 in New London. The line would extend south along US-52 to the north side 
of the City of Albemarle and the existing City of Albemarle US-52 Water Treatment Plant. The 
line would then turn westward and follow Bethany Road to Old Salisbury Road where it would 
then turn southward and travel along Old Salisbury Road to Mann Road. At this intersection, the 
line would briefly travel westward on Mann Road before turning southward onto Charlie Road to 
extend to Pennington Road. The line would follow Pennington Road (eventually becoming 
Laurel Street) south to the intersection with Concord Road (NC-73). The line would follow NC-
73 southeast to Church Street in Albemarle and turn southward to West Main Street. The 
proposed alignment follows West Main Street southwestward to St. Martin Road (NC-1963). 
The line would then follow St. Martin Road south into Oakboro, where the road becomes East 
First Street. The line would continue to follow East First Street to the intersection of South Main 
Street (NC-742), where it would then cross South Main Street and briefly follow Railroad Street 
westward to West Second Street (NC-205). The line would then travel south along NC-205 to 
the Union County line where it would cross the Rocky River. The line would continue south 
along NC-205 in Union County to the proposed Site Area A for the Yadkin River Water 
Treatment Plant, located just north of New Salem, near Old Kennedy Fork Road. 

WTP Site Area B 
The proposed Alternative 2-B raw water transmission line alignment to the proposed Yadkin 
River Water Treatment Plant Site Area B is identical to that of Site Area A, described above, 
except the alignment would continue an additional 8 miles to the proposed treatment plant site. 
The additional alignment length from the proposed WTP Site Area A to Site Area B is identical 
to that as previously described for Site Area B under Alternative 1-A. 
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WTP Site Area C 
The proposed Alternative 2-B raw water transmission line alignment to the proposed Yadkin 
River Water Treatment Plant Site Area C is identical to that of Site Area A, described above, 
except the alignment would continue an additional 7 miles to the proposed treatment plant site. 
The additional alignment length from the proposed WTP Site Area A to Site Area C is identical 
to that as previously described for Site Area C under Alternative 1-A. 

3.2.2.4. WATER TREATMENT PLANT  

City of Albemarle’s Existing US 52 WTP and Narrow Reservoir (Badin Lake) Raw Water 
Intake 

The City of Albemarle’s US-52 Water Treatment Plant is located at the intersection of US 
Highway 52 and Bethany Road. Construction began on this facility in the late 1940’s. In the 
early 1960’s the facility was expanded from four to eight filters. In the early 1970’s the front 
concrete clear well was added. This facility has a permitted capacity of 10 mgd. There is a raw 
water reservoir located at the facility, which can store approximately 25 million gallons for 
treatment. A pump station located at the end of Pumphouse Road pumps the raw water from 
Narrows Reservoir (Badin Lake) to the plant for treatment. The facility has three potable water 
storage concrete clear wells with a total volume of 4.5 million gallons. There is an elevated tank 
located at the facility, which can hold 200,000 gallons. There are 12 pumps of various sizes, 
which pump the potable water into the distribution system. 

Based on the current capacity of this existing treatment plant and the significant expansion and 
capacity increase that would be required to supply Union County with finished water as part of 
the Yadkin River Water Supply Project, it is impractical to for Union County to purchase finished 
water from the City of Albemarle’s US-52 Water Treatment Plant. For Alternative 2B, Union 
County is instead evaluating the potential for transmission of raw water directly from Narrows 
Reservoir (Badin Lake) to a new water treatment plant which would be owned and operated by 
Union County in the northeast portion of Union County. 

City of Albemarle’s Existing Tuckertown WTP and Tuckertown Reservoir Raw Water 
Intake 

The City of Albemarle’s Tuckertown Water Treatment Plant is located near the bridge on 
Highway 49, which crosses the Tuckertown Reservoir, near the Rowan and Stanly County line. 
Construction on this facility was completed in 1992. This facility has a permitted capacity of 6 
mgd. There is a raw water reservoir located at the facility, which can store approximately 35 
million gallons for treatment. A pump station located at the site pumps the raw water from the 
Tuckertown Reservoir. A potable water ground storage tank with a 4 million gallon capacity is 
located on site. Due to the elevation of this site all the water produced by Tuckertown flows to 
Albemarle by gravity and is not pumped. 

Based on the current capacity of this existing treatment plant and the significant expansion and 
capacity increase that would be required to supply Union County with finished water as part of 
the Yadkin River Water Supply Project, it is impractical to for Union County to purchase finished 
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water from the City of Albemarle’s Tuckertown Water Treatment Plant. For Alternative 2B, Union 
County is instead evaluating the potential for transmission of raw water directly from Tuckertown 
Reservoir to a new water treatment plant which would be owned and operated by Union County 
in the northeast portion of Union County. 

Proposed Yadkin River Water Treatment Plant  

For both Alternative 2A and 2B, Union County proposes to build a new water treatment plant in 
the northeastern portion of Union County to serve its customers in the Rocky River IBT Basin of 
the Yadkin River Basin. The proposed water treatment plant siting areas (Proposed Water 
Treatment Plant Site Areas A, B and C), details and required capacity for Alternatives 2A and 
2B are the same as that presented for Alternative 1.  

3.2.3. Alternative 3 – Yadkin River Basin, Pee Dee River (Blewett Falls Lake) 

3.2.3.1. BACKGROUND 

Alternative 3 seeks to evaluate the potential for meeting the needs of Union County’s Yadkin 
River Water Supply Project using Blewett Falls Lake, which is located in the Yadkin River IBT 
Basin of the Yadkin River Basin, as a surface water supply. Because the Yadkin River Water 
Supply Project will serve customers in Union County’s Yadkin River Basin Service Area (Rocky 
River IBT Basin), the withdrawal of water from the Yadkin River IBT Basin to serve these 
customers is considered an interbasin transfer, as the withdrawal and use points are within 
different IBT basins, as defined in North Carolina General Statute 143-215.22L. 

Water transfers made under this alternative, however, may be subject to the Cork Rule 
Exception which states that water transferred from one basin to another but then returned to the 
original basin and subsequently transported past the original withdrawal point are not 
considered transfers except for the volume of water that is consumed through human 
consumption, irrigation and subsurface disposal via septic systems. North Carolina 
Administrative Code 15A NCAC 02E. 0401(b) specifically addresses the “Cork Rule”, where the 
following are not considered interbasin transfers: 

1. The discharge point is situated upstream of the withdrawal point such that the water 
discharged will naturally flow past the withdrawal point. 

2. The discharge point is situated downstream of the withdrawal point such that water 
flowing past the withdrawal point will naturally flow past the discharge point. 

The Cork Rule Exception would apply to this alternative since water would be withdrawn from 
the Pee-Dee River, then transported to the Rocky River IBT Basin in Union County, and 
subsequently discharged back into the Rocky River. These wastewater discharges would 
emanate from the Monroe WWTP and the Crooked Creek WRF, Tallwood WRF, Grassy Branch 
WRF and Olde Sycamore WRF, owned and operated by Union County and the County Woods 
WRF and Hemby Acres WRF which are privately owned and operated facilities that provide 
wastewater service to areas that receive water services from Union County.  The Rocky River 
discharges back into the Pee Dee River, upstream of the proposed raw water intake on Blewett 
Falls Lake for this alternative.  
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An IBT certificate is required for surface water transfers in excess of 2 mgd between defined IBT 
basins. Prior indication from DENR during the development of the 2011 Eastern Water Supply 
Feasibility Analysis (HDR, 2011), is that Union County’s approved grandfathered IBT amount for 
transfers from the Yadkin River IBT Basin to the Rocky River IBT Basin (as a result of the 
existing Union County water supply from Anson County) will likely be 4 mgd. Annual average 
daily Union County wastewater returns to the Rocky River IBT Basin, which subsequently flows 
back into the Pee Dee River above Blewett Falls Lake are projected to be 8.8 mgd by the year 
2050, while the estimated transfer of finished water from the Yadkin River IBT Basin to the 
Rocky River IBT Basin is projected to be 23 mgd (max. month daily average basis), for 
Alternative 3. The resulting IBT, using the Cork Rule Exception, is projected to be 14.2 mgd by 
the year 2050 (finished water transfer minus wastewater return), thereby exceeding the 
anticipated grandfathered IBT amount. Given this consideration, an IBT certificate will still be 
necessary to meet the water demands of the Yadkin River Water Supply Project for this 
alternative. 

Currently, Union County receives approximately 2 mgd of potable water per day (average 
annual daily basis) from Anson County and has a contract with Anson County to receive up to a 
total of 4 mgd. However, the initial term of this contract expired in 2012. The contract includes a 
provision for up to four (4) auto-renewing terms of five (5) years beyond the initial term if no 
notice is given to the other party. The next renewal is scheduled for 2017. This existing supply is 
pumped through a 24-inch finished water line to the Anson/Union County line. Until 2009, Union 
County maintained a 40+ year old water booster pumping station at the County line at US-74 
which conveyed 1 mgd through a 12-inch main connected to the County’s distribution system 
within the Rocky River IBT Basin of the Yadkin River Basin, providing water to rural areas and 
isolated subdivisions, in addition to the Town of Wingate, within the service area. These sub-
service areas include New Salem, Wingate, a food processing facility in Marshville, and 
domestic service along Belk Mill/Camden Road. The Town of Marshville has a separate supply 
from Anson County for its own system within the town limits.   

Infrastructure improvements to the finished water transmission system started in 2009 and 
included the addition of two booster pumping stations (US-74 Pump Station and Olive Branch 
Pump Station) and approximately 36,000 feet of 24-inch transmission main. These 
improvements now allow for the conveyance of up to 4 mgd of finished water from the Anson 
County WTP. Additional pipeline improvements in Union County and minor modifications to the 
Olive Branch Pump Station and Highway 74 Pump Station would be required to facilitate the 
conveyance of any additional flow from the Anson County WTP. 

To meet the projected future water demands of Union County in the eastern portion of the 
county, major improvements to the existing water supply infrastructure between Anson and 
Union County would be required, beyond those previously identified. Alternative 3 seeks to 
evaluate the infrastructure requirements needed for Union County to partner with Anson County 
to obtain additional raw water supply from Blewett Falls Lake to meet the needs of the Yadkin 
River Water Supply Project. Infrastructure improvements needed for this alternative include raw 
water intake expansion and additional raw water pumping capacity at Blewett Falls Lake, 
construction of a new water treatment plant in northeastern or eastern Union County, 

54 



Union County Public Works | Environmental Impact Statement 
ALTERNATIVES ANALYSIS  

 

construction of a new raw water transmission main from Blewett Falls Lake to the proposed 
water treatment plant site and additional finished water conveyance infrastructure in Union 
County. 

3.2.3.2. RAW WATER INTAKE AND PUMP STATION 

The existing Anson County WTP has two raw water intakes in Blewett Falls Lake, including one 
primary intake and a recently constructed emergency intake. Blewett Falls Lake is formed by the 
dam at Duke Energy’s Blewett Falls Hydroelectric Plant on the Pee Dee River. The Blewett Falls 
Hydroelectric Development is located in Richmond and Anson counties, downstream of Lake 
Tillery, approximately six miles west of Rockingham, North Carolina. The Blewett Falls Dam is 
located approximately 17 miles north of the North Carolina / South Carolina state line. The 
Blewett Falls impoundment, also known as Blewett Falls Lake, extends approximately 11 miles 
upstream from the dam. Construction of the Blewett Falls Development began in 1905 and was 
completed in June 1912. Blewett Falls Lake has a reservoir surface area of 2,866 acres at a 
normal pool elevation of 178.1’ msl and a usable storage capacity of 30,893 acre-feet. The 
Blewett Falls development is licensed for a drawdown of 17 feet, but generally operates with 
drawdowns of 2 to 4 feet (Duke Energy, 2014). 

Anson County’s primary intake and raw water pumping station (Normal RWPS) were 
constructed with the original water treatment plant in 1967. The existing intake has a weir 
elevation at 166’ msl and the bottom of the existing raw water pumping station is set at 161’ msl. 
Located along the shoreline, water from the lake discharges over the weir and into the wetwell 
of the Normal RWPS. The Normal RWPS has a firm pumping capacity of 16 mgd and includes 
one 8 mgd pump, two 6 mgd pumps, and one 4 mgd pump. Each of these pumps are vertical 
turbine pumps. Flow is discharged through a 24-inch main to the existing rapid mix facilities at 
the Anson County Water Treatment Plant (WTP). There is an elevation difference of 
approximately 350-feet between the Normal RWPS and WTP. 

Anson County recently completed construction of a new emergency intake in Blewett Falls Lake 
along with an Emergency RWPS and transmission main. The emergency intake is located in a 
deeper portion of the lake and includes a single Hendrick tee screen, 42-inches in diameter and 
146-inches long with a capacity of 19 mgd based on a maximum approach velocity of 0.5 fps 
across the screen. The screen is located approximately 3,100 feet offshore and is connected to 
a 36-inch HDPE intake line that is tied to the new Emergency RWPS located at the shore. The 
Emergency RWPS consists of two horizontal split case submersible pumps, each with a 
capacity of 16 mgd. These pumps discharge to a 24-inch transmission main that discharges to 
the wetwell of the Normal RWPS. From this point, a new 30-inch raw water transmission has 
been constructed parallel to the existing 24-inch raw water transmission main and both lines run 
to the WTP. These two pumping stations have been designed to operate in series to limit the 
head on the horizontal split case pumps in the Emergency RWPS. A centrifugal pump design 
with series pumping was selected to limit construction cost since this intake is for emergencies 
and when the lake level is lowered to perform routine maintenance. 

This emergency intake was constructed due to a FERC requirement that mandates that Duke 
Energy Progress lower the lake elevation to 167’ msl annually to refurbish the splash boards at 
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the dam. Lowering the lake to 167’ msl would impair Anson County’s ability to withdrawal raw 
water using its current intake during these repair periods. These improvements received an 
expedited FERC approval because they were permitted as emergency facilities. This project 
received a nationwide permit from the US Army Corps of Engineers and the NEPA/SEPA 
process was followed to receive American Recovery and Reinvestment Act (ARRA) funding for 
the project. The project received a Categorical Exclusion for Secondary and Cumulative 
Impacts.  

Implementation of this alternative to meet the needs of the Yadkin River Water Supply Project 
would require significant improvements to the existing raw water conveyance facilities, if Union 
County were to partner with Anson County for additional water supply. The existing Normal 
RWPS is approximately 40 years old and is inadequate to meet the long-term water supply 
needs. The design of the intake does not provide for a guaranteed supply when Duke Energy 
Progress needs to conduct annual maintenance or if long-term drought conditions prevail. This 
structure is relatively small and there are only four pump slots with a small wet well beneath the 
pumps.  

The Emergency RWPS has been designed for limited use and requires series pumping with the 
existing Normal RWPS. To meet long-term water supply needs, a new RWPS would need to be 
constructed that would include a submerged wetwell and vertical turbine pumps. This can be 
constructed adjacent to the recently constructed Emergency RWPS. Under this scenario, it is 
recommended that the emergency intake be converted to a permanent intake. The existing 36-
inch intake line with a larger tee screen could provide a raw water supply capability of about 27 
mgd. This would be inadequate to meet the combined Union County needs (~28 mgd of raw 
water) and the projected 2050 Anson County needs (~12 of raw water mgd) as derived from 
their 2014 NC Local Water Supply Plan. However, it should be noted that approximately 10 mgd 
of this requirement is based on projected sales with existing wholesale customers and future 
wholesales. Anson County’s projected finished water demand through 2050 is a modest 2 mgd, 
while projected wholesales are 9.8 mgd. Anson County could maintain their existing intake and 
Normal RWPS to increase the withdrawal capability to approximately 43 mgd (16 mgd + 27 
mgd) but careful coordination would be needed with Duke Energy Progress to assure that their 
maintenance activities did not occur during peak demand periods. This would also provide less 
reliability during drought conditions. 

Based on the existing conditions and limitations of Anson County’s existing raw water intake 
facilities, it is proposed under Alternative 3 to construct a new raw water pumping station 
adjacent to the existing Anson County Emergency Intake and Pumping Station property at 
Blewett Falls Lake. A new intake and pumping station would be needed because the existing 
Anson County facilities do not have sufficient capacity to serve Union County’s projected future 
water supply needs. The new intake and pumping station under this alternative would be sized 
for the final phase (Phase 3) of expansion to meet projected 2050 maximum daily water 
demands of 28 mgd. Conceptual design for the facility indicates a 42-inch diameter intake line 
with a 60-inch diameter screen would be needed to meet this demand. Under this alternative, 
the pump station facility would need to include four raw water pumps within a dedicated pump 
room and an adjacent electrical room. 

56 



Union County Public Works | Environmental Impact Statement 
ALTERNATIVES ANALYSIS  

 

3.2.3.3. RAW WATER TRANSMISSION MAIN 

Existing Anson County Transmission Main into Union County 

Anson County’s high service pumping station (HSPS) conveys potable water through 
approximately 45,000 linear feet of 24-inch water main along US-74 to a 1 MG elevated water 
storage tank in Wadesboro. The capacity is limited both by the HSPS and the 24-inch 
transmission main. Anson County had previously planned to parallel the existing 24-inch main 
with a second 24-inch main to provide additional system reliability. However, this system 
improvement has not been constructed and there are no current plans to do so. From the 
Wadesboro tank, potable water is conveyed by gravity approximately 72,000 linear feet through 
12- and 24-inch transmission mains to the Union County Highway 74 Booster Pump Station at 
the County line. While the two transmission mains are sized to deliver approximately 12.5 mgd, 
based on a maximum velocity of 5 feet per second, the current capacity to Union County is 
limited to less than 4 mgd due to Anson County’s prior commitments to other utilities, lack of 
system redundancies and pressure limitations.  

As a result of these limitations, and the associated costs and impacts required to upgrade 
existing Anson County water transmission and treatment infrastructure, this alternative proposes 
to install a new raw water transmission main from the Anson County raw water intake on 
Blewett Falls Lake through Anson County and into Union County to the site of a proposed new 
Union County water treatment facility. Two options for the proposed transmission main route are 
considered for this alternative. One proposed route (Alternative 3A) parallels gas and power line 
easements in Anson County, while a second proposed route (Alternative 3B) parallels existing 
roadways to minimize easements. The proposed routes are reflected as Alternative 3A and 3B 
on Figure 2-3. The detailed study corridor for these proposed routes are also reflected in Figure 
3-1b. 

Alternative 3A - US- 74 to Gas/Power Line Easement into Northeast Union County near 
New Salem 

Similar to other alternatives, conceptual raw water transmission design indicates the need for 
parallel 36-inch diameter ductile iron pipe for Alternative 3A to provide necessary redundancy 
and meet the Union County’s 2050 water demands. This proposed alignment extends 
approximately 29 miles from the raw water pump station on Blewett Falls Lake to the proposed 
Site Area A for the Yadkin River Water Treatment Plant. For the proposed WTP Site Areas B 
and C, the alignment extends an additional 8 and 7 miles, respectively. The proposed route for 
Alternative 3A would seek to utilize existing gas and power line easements in Anson County to 
minimize disturbances to private property and major traffic corridors. 

WTP Site Area A 
The proposed route for Union County’s raw water transmission main to the proposed Site Area 
A for the Yadkin River Water Treatment Plant would begin in Anson County at the proposed 
Raw Water Pump Station and site of the existing Anson County raw water intake on the shores 
of Blewett Falls Lake at the end of Filtration Plant Road, northeast of Lilesville. The line would 
extend westward along Filtration Plant Road and then briefly travel southward along Clark 
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Mountain Road, where it would turn westward onto a Duke Energy Progress power line 
easement and adjacent gas line easement. The line would continue to follow these easements 
in a northwest direction through Anson County, crossing NC-109, US-52, and NC-742 near the 
northeastern corner of Union County. At Pine Log Road, the proposed alignment turns 
westward and cross overland, crossing Blonnie Ross Road to Fish Road, where it then 
continues westward along Fish Road. The proposed alignment continues along Fish Road 
towards New Salem. Just north of the intersection of NC-205 and NC-218 in New Salem, the 
main would briefly travel overland to NC 205 and Old Kennedy Ford Road to the proposed Site 
Area A for the Yadkin River Water Treatment Plant. 

Through correspondence with Duke Energy, they have indicated that their corporate 
transmission line crossing guidelines do not allow water transmission lines to be run within 
electric transmission line rights-of-way at angles greater than 30 degrees from the perpendicular 
line to the electric transmission right-of-way. As such, this alternative, which proposes to run the 
raw water transmission main parallel to the utility easement for an extended length, would not 
possible, unless it is run adjacent to the utility easement on privately owned property outside the 
easement boundary. 

WTP Site Area B 
The proposed Alternative 3-A raw water transmission line alignment to the proposed Yadkin 
River Water Treatment Plant Site Area B is identical to that of Site Area A, described above, 
except the proposed alignment continues southward along Fish Road to NC-218 at New Salem. 
The additional alignment length from this point to Site Area B is identical to that as previously 
described for Site Area B under Alternative 1-A, and is approximately an additional 8 miles, as 
compared to the alignment to Site Area A for Alternative 3-A. 

WTP Site Area C 
The proposed Alternative 3-A raw water transmission line alignment to the proposed Yadkin 
River Water Treatment Plant Site Area C is identical to that of Site Area A, described above 
except the proposed alignment continues southward along Fish Road to NC-218 at New Salem. 
The proposed alignment turns westward onto NC-218 and immediately turns south onto NC-
205. The additional alignment length from this point to Site Area C is identical to that as 
previously described for Site Area C under Alternative 1-A, and is approximately an additional 7 
miles, as compared to the alignment to Site Area A for Alternative 3-A. 

Alternative 3B - US-74 to East Union County near Marshville 

Similar to other alternatives, conceptual raw water transmission design indicates the need for 
parallel 36-inch diameter ductile iron pipe for Alternative 3B to provide necessary redundancy 
and meet Union County’s 2050 water demands. This proposed alignment extends 
approximately 30 miles from the raw water pump station on Blewett Falls Lake to the proposed 
Site Area D for the Yadkin River Water Treatment Plant. The proposed route for Alternative 3B 
would follow the existing Anson County WTP to Union County finished water distribution line 
along US-74. It should be noted that this proposed route would follow a heavily traveled traffic 
corridor and travel through several heavily populated areas (particularly Wadesboro) and would 
likely impact many adjoining properties and businesses along this corridor.  
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WTP Site Area D 
The proposed route for Union County’s raw water transmission main to the proposed Site Area 
D for the Yadkin River Water Treatment Plant would begin in Anson County at the proposed 
Raw Water Pump Station and site of the existing Anson County raw water intake on the shores 
of Blewett Falls Lake at the end of Filtration Plant Road, northeast of Lilesville and would follow 
the general route of the existing finished water line currently used by Anson County to supply 
Union County and Marshville with water.  The proposed Union County raw water line would 
extend westward along Filtration Plant Road and then travel southward along Clark Mountain 
Road to the intersection with Vintage Road. At this intersection, the line would travel west along 
Vintage Road to Hailey’s Ferry Road, where it would briefly travel southward to meet US-74. 
The line would turn west at the intersection of Hailey’s Ferry Road with US-74 and then follow 
US-74 west  in Anson County through Lilesville, Wadesboro, Polkton, and Peachland, into 
eastern Union County. This line would briefly continue west on US-74 in Union County and then 
turn south at Marshville Water Plant Road. The line would follow Marshville Water Plant Road to 
Hasty Road. At this intersection, the line would travel west along Hasty Road to the proposed 
Site Area D for the Yadkin River Water Treatment Plant, located just southeast of Marshville. 

3.2.3.4. WATER TREATMENT PLANT 

Existing Anson County Water Treatment Plant 

The Anson County WTP was originally constructed in 1967 with a treatment capacity of 8 mgd. 
The original plant consisted of rapid mix facilities, two flocculators, four conventional 
sedimentation basins, eight dual media anthracite/sand gravity filters, a 0.5 million gallon (MG) 
finished water clearwell, and assorted chemical feed facilities. Additional clearwell capacity (0.5 
MG) was added in 1976. The plant was expanded to a 16 mgd facility in 1992-1993 by adding 
two Superpulsators® (flocculation/sedimentation) and eight additional filters. Chemical feed 
capabilities at the plant include alum, fluoride, polymer, lime, caustic, powdered activated 
carbon, hypochlorite, and orthophosphate. The plant also includes an office, SCADA system, 
and a small laboratory.  

Potable water generated at the plant is conveyed via finished water pumps at the plant 
approximately 3 miles through a 24-inch transmission main to a ground level storage tank. The 
Finished Water Pump Station contains three 8 mgd pumps. The ground level storage tank 
provides gravity supply to Richmond County and provides suction to a High Service Pump 
Station (HSPS) that conveys potable water to customers in Anson County. The HSPS contains 
three 6 mgd pumps for a firm capacity of 12 mgd, with the largest pump out of service.    

Based on previous projections, the estimated 2050 peak day demand is 40 mgd (28 mgd Union 
County plus 12 mgd Anson County (including wholesales). With the current capacity of the 
Anson WTP set at 16 mgd, an additional treatment capacity of 24 mgd would be needed to 
meet peak day demands. Satisfying the Union County demands, as well as the demands of 
Anson County and its other wholesale customers would clearly require a major expansion of the 
existing Anson County Water Treatment Plant. Such an expansion would be very challenging to 
accomplish given site constraints at the plant and the need to maintain plant operations during 
construction. The current site is limited, as the plant is built on a knoll with the surrounding 
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topography dropping off significantly outside the current plant boundaries. A more viable 
approach would be to maximize the capacity of the current plant through process rerating prior 
to constructing new facilities to achieve the balance of the capacity required and to allow for 
future expansion capability. However, it is unlikely such a partnership between Union County 
and Anson County could be established, as previous discussions and negotiations on the topic 
have been unsuccessful. 

Alternative 3A - Proposed Yadkin River Water Treatment Plant in Northern Union County  

Due to the challenges and impracticality in expanding the existing Anson County Water 
Treatment Plant to provide additional capacity to Union County, Union County proposes to build 
a new water treatment plant within Union County to serve its customers in the Rocky River IBT 
Basin of the Yadkin River Basin. For the raw water transmission main route of Alternative 3A, 
the proposed water treatment plant location for this alternative would be located in the 
northeastern quadrant of Union County. The three potential treatment plant site are the same as 
those presented for Alternative 1 (Proposed Water Treatment Plant Site Areas A, B and C). 

Alternative 3B - Proposed Yadkin River Water Treatment Plant in Eastern Union County  

For the raw water transmission main route of Alternative 3B, the proposed water treatment plant 
location for this alternative would be located in the eastern portion of Union County, just south of 
Marshville and US-74. Based on the recommendations of the 2011 EWS Feasibility Analysis, a 
proposed water treatment plant site was identified in the eastern portion of the county south of 
Marshville.   

For purposes of evaluation of Alternative 3B, a potential water treatment plant location 
(Proposed Water Treatment Plant Site Area D) is located just south of US-74 in the proximity of 
Hasty Road near the intersection with Landsford Road. This proposed site area consists 
primarily of forested land and a small amount of agricultural cropland. Based on the 2011 EWS 
Feasibility Analysis, the maximum site elevation for this area was identified as 530-feet msl. It is 
proposed that this site area would include similar treatment capacity, technology and 
infrastructure as those proposed in Alternative 1. 

3.2.4. Alternative 4 – Yadkin River Basin (Pee Dee River) 

3.2.4.1. BACKGROUND 

Alternative 4 seeks to evaluate the potential for meeting the needs of Union County’s Yadkin 
River Water Supply Project using the Pee Dee River, as a surface water supply. This alternative 
proposes the installation of a new raw water intake located just downstream of the confluence of 
the Rocky River with the Pee Dee River, south of Lake Tillery. Because the Yadkin River Water 
Supply Project will serve customers in Union County’s Yadkin River Basin Service Area (Rocky 
River IBT Basin), the withdrawal of water from the Pee Dee River (within the Yadkin River IBT 
Basin) to serve these customers is considered an interbasin transfer (IBT), as the withdrawal 
and use points are within different IBT basins, as defined in North Carolina General Statute 143-
215.22L. Water transfers made under this alternative, however, may be subject to the Cork Rule 
Exception, as the Rocky River discharges back into the Pee Dee River, just upstream of the 
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proposed raw water intake location for this alternative. North Carolina Administrative Code 15A 
NCAC 02E. 0401(b) specifically addresses the “Cork Rule”, where the following are not 
considered interbasin transfers: 

1. The discharge point is situated upstream of the withdrawal point such that the water 
discharged will naturally flow past the withdrawal point.  

2. The discharge point is situated downstream of the withdrawal point such that water 
flowing past the withdrawal point will naturally flow past the discharge point. 

An IBT certificate is required for surface water transfers in excess of 2 mgd between defined IBT 
basins. Annual average daily Union County wastewater returns to the Rocky River IBT Basin 
are projected to be 8.8 mgd by the year 2050. The estimated transfer of finished water from the 
Yadkin River IBT Basin to the Rocky River IBT Basin is projected to be 23 mgd (max. month 
daily average basis), for Alternative 3. The resulting IBT, using the Cork Rule Exception, is 
projected to be 14.2 mgd by the year 2050 (finished water transfer minus wastewater return), 
thereby exceeding the anticipated grandfathered IBT amount. Given this consideration, an IBT 
certificate will still be necessary to meet the water demands of the Yadkin River Water Supply 
Project for this alternative. 

The Pee Dee River downstream of the confluence with the Rocky River is a Class WS-V, B, 
water resource, as classified by DENR, which classifies each water body in the state according 
to its uses. WS classified waters are used for aquatic life propagation; survival, and 
maintenance of biological integrity (including fishing and fish); wildlife; secondary contact 
recreation; and agriculture as well as a source of water supply for drinking, culinary, or food-
processing purposes. DENR has five water supply classifications ((WS-I, WS-II, WS-III and WS-
IV) with four classifications for use as public potable water supplies (WS-I, WS-II, WS-III and 
WS-IV) dependent on the types of discharges and amount of development within the watershed. 
WS-I water supplies are designated for those watersheds with maximum protection for water 
supplies and are located within natural and undeveloped watersheds, and WS-IV watersheds 
are used as sources of water supply where a WS-I, WS-II or WS-III classification is not feasible 
and are generally in moderately to highly developed watersheds. WS-V watersheds are 
protected as water supplies which are generally upstream and draining to Class WS-IV waters 
or waters used by industry to supply their employees with drinking water or waters formerly 
used for public water supply. Class WS-V waters are not allowed for use as a new public water 
supply source. The Pee Dee River at the confluence with the Rocky River is classified as WS-V 
water and drains to the Class WS-IV water of the Pee Dee River just upstream of Blewett Falls 
Lake. Thus, reclassification of this water body would be required for the proposed intake 
location of Alternative 4, to allow the use of these waters for public water supply. 

3.2.4.2. RAW WATER INTAKE AND PUMP STATION 

The proposed raw water intake for this alternative would be located along the Pee Dee River, 
approximately ½ mile downstream of the Rocky River confluence with the Pee Dee River, near 
the Anson-Richmond-Montgomery County line. The proposed intake and raw water pump 
station would be located in Anson County, approximately 3 miles northeast of Ansonville, with a 
raw water transmission line extending through Anson County and into northeastern Union 
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County to the proposed site of a new water treatment plant. Union County would have to 
develop a partnership for Anson County to secure any property or easements needed for the 
raw water intake, pump station and transmission main located within Anson County, on Union 
County’s behalf. 

The Pee Dee River is approximately 500 to 550 feet wide (as estimated from aerial imagery and 
GIS mapping) at the proposed intake location. Land surrounding the river at the proposed intake 
location is primarily agricultural cropland or pasture land and forested areas. The northern 
boundary of the Pee-Dee National Wildlife Refuge is located approximately 1 ½ miles south of 
the proposed intake and pump station. The river depth at this location fluctuates on a daily 
basis, in response to upstream releases by Duke Energy Progress from Lake Tillery. There are 
two U.S. Geological Survey (USGS) stream gages on the Pee Dee River in the general vicinity 
of the proposed intake for Alternative 4.  Period of record historical data from March, 2009 to 
June, 2015 at USGS station 0212378405 (Pee Dee River at Highway 731 below Lake Tillery 
near Norwood, NC), located approximately five miles upstream of the proposed Alternative 4 
intake location, indicates an average maximum daily depth of 8 feet, average minimum daily 
depth of 3.3 feet and average mean daily depth of 4.9 feet.  Similarly, period of record historical 
data from August, 2011 to June, 2015 at USGS station 02126375 (Pee Dee River at the Pee 
Dee Refuge near Ansonville, NC), located approximately four miles downstream of the 
proposed Alternative 4 intake location, indicates an average maximum daily depth of 10.3 feet 
and average minimum daily depth of 4.6 feet (mean gage data not available). 

USGS stream level gaging station 02126375 (Yadkin-Pee Dee River at the Pee Dee National 
Wildlife Refuge near Ansonville) most closely approximates the conditions upstream at the 
proposed Alternative 4 intake site.  The gaging station is currently active and has recorded 
historical data dating back to August 5, 2011. The station is relatively new and does not have 
historical data from past low flow (drought) periods. The station has coordinates of Latitude 
35°06'11.58", Longitude 80°02'45.36" (NAD83) and a drainage area of 6,134 square miles. The 
gage datum is 175.63 feet above NAVD88. For the period of record (August, 2011 to June, 
2014), the approximate mean gage height was seven feet. Illustration 3-5 shows the historical 
period of record data for this gaging station. Based on these nearby upstream and downstream 
gages, the average river depth at the proposed intake location of Alternative 4 is estimated to be 
between 4 and 10 feet, fluctuating each day in response to discharges from Lake Tillery. 
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Illustration 3-5 USGS Gage Height Data Downstream of Proposed Alternative 4 Intake Location 

Two potential options for a raw water intake are proposed for this location under Alternative 4. 
Option A would consist of a traditional raw water intake and pumping station, with the pumping 
station located outside of the 100-year floodplain. The intake and pumping station of Option A 
must be sized for the final phase (Phase 3) of expansion to meet projected 2050 maximum daily 
water demands of 28 mgd. Conceptual design for the facility indicates a 42-inch diameter intake 
line with two 36-inch diameter screens would be needed to meet this demand. Under this 
option, the pump station facility will need to include four raw water pumps within a dedicated 
pump room and an adjacent electrical room. 

Option B would consist of three Ranney collector wells and pumping stations within each well 
built vertically above the 100-year flood plain elevation. Under this option, a Ranney collection 
well is proposed to be built for each phase of expansion (three total phases) and sized to meet 
the demand of that phase (12, 20 and 28 mgd maximum daily demand for Phases 1, 2 and 3, 
respectively). Two raw water pumps are proposed to be installed with each collector well 
structure, for a total of six pumps installed in the three collector wells. The lateral collectors for 
each structure must be sized based on the results of a hydrogeological study which would be 
required during detailed facility design.  

If a new intake and pump station were to be constructed on the main stem of the Pee Dee 
River, they would need to be designed to operate within a wide range of river levels, which is 
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typical of “run-of-river” raw water intakes. Subsequently, the design for this type of facility differs 
from those on reservoirs. The intake facility must also be designed to prevent the pumps from 
being damaged by debris and sediment in the river that can enter the pump station. Additionally, 
protective measures would be needed to prevent fish entrainment. The pump station structure 
would need to be sized to add future pumps to avoid the construction of a second facility. 
Furthermore, the raw water pump station needs to be designed so that it operates during a 100 
year flood event. The proposed raw water pipeline would need to be designed to carry raw 
water from the pump station at the river to a pre-treatment settling (terminal) reservoir at the 
water treatment plant. Requirement for this terminal reservoir are further discussed in the water 
treatment plant requirements outlined in Section 3.2.4.4. 

3.2.4.3. RAW WATER TRANSMISSION MAIN 

Similar to other alternatives, conceptual raw water transmission design indicates the need for 
parallel 36-inch diameter ductile iron pipe for Alternative 4 to provide necessary redundancy and 
meet Union County’s 2050 water demands. This proposed alignment will extend approximately 
21 miles through Anson County from a new raw water intake and pump station on the Pee Dee 
River to the proposed Site Area A for the Yadkin River Water Treatment Plant. For the proposed 
WTP Site Areas B and C, the alignment extends an additional 8 and 7 miles, respectively. The 
proposed route is reflected as Alternative 4 on Figure 2-3. The detailed study corridor for this 
proposed route is also reflected in Figure 3-1b. 

WTP Site Area A 
The proposed route for the this raw water transmission main to the proposed Site Area A for the 
Yadkin River Water Treatment Plant would begin in Anson County at the proposed raw water 
pump station located on the Pee Dee River, approximately ½ mile downstream of the 
confluence of the Rocky River with the Pee Dee River. The line would extend westward to 
Pinkston River Road where it would then travel southward along Pinkston River Road to Dunlap 
Road. The line would travel westward along Dunlap Road to US-52 and then travel southward 
along US- 52 towards Ansonville. The proposed alignment turns west along Fries Boulevard 
and briefly travels overland before reconnecting with Fries Boulevard. At the intersection with 
Plank Road, the proposed alignment turns northward and travels along Plank Road to the 
intersection of Randall Road. At this intersection, the line would travel northwestward along 
Randall Road which eventually becomes Rocky Mount Church Road. The line would turn 
westward and travel along Burnsville Church Road to NC -742 and then travel northward along 
NC -742 to Pine Logging Road, where it would turn westward. The proposed alignment follows 
Pine Logging Road and then crosses overland to Fish and travels westward along Fish Road. 
Just north of the intersection of NC-205 and NC-218 in New Salem, the line would cross 
overland to NC-205 and Old Kennedy Ford Road to the proposed Site Area A for the Yadkin 
River Water Treatment Plant. 

WTP Site Area B 
The proposed Alternative 4 raw water transmission line alignment to the proposed Yadkin River 
Water Treatment Plant Site Area B is identical to that of Site Area A, described above, except 
the proposed alignment continues southward along Fish Road to NC-218 at New Salem. The 
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additional alignment length from this point to Site Area B is identical to that as previously 
described for Site Area B under Alternative 1-A, and is approximately an additional 8 miles, as 
compared to the alignment to Site Area A for Alternative 4. 

WTP Site Area C 
The proposed Alternative 4 raw water transmission line alignment to the proposed Yadkin River 
Water Treatment Plant Site Area C is identical to that of Site Area A, described above except 
the proposed alignment continues southward along Fish Road to NC-218 at New Salem. The 
alignment would turn westward onto NC-218 and immediately turn south onto NC-205. The 
additional alignment length from this point to Site Area C is identical to that as previously 
described for Site Area C under Alternative 1-A, and is approximately an additional 7 miles, as 
compared to the alignment to Site Area A for Alternative 4. 

3.2.4.4. WATER TREATMENT PLANT 

For this alternative, Union County proposes to build a new water treatment plant in the 
northeastern portion of Union County to serve its customers in the Rocky River IBT Basin of the 
Yadkin- River Basin. The proposed water treatment plant siting areas (Proposed Water 
Treatment Plant Site Areas A, B and C), details and required capacity for Alternative 4 are the 
same as that presented for Alternative 1. However, Alternative 4 will also require the 
construction of a pre-treatment settling (terminal) reservoir for raw water storage for this riverine 
water source. 

Historically, the DENR Public Water Supply Section has recommended that five days of off-
stream storage is prudent for any run-of-river intake and further recommends that the off-stream 
storage reservoir be lined. Intakes in regulated reservoirs typically do not require such a 
terminal reservoir at the water treatment plant. However, up to thirty days of off-stream storage 
can sometimes be required for run-of-river intakes, based on detailed hydrologic conditions 
analysis. Therefore, such intakes typically require a significantly larger land area at the water 
treatment plant to accommodate this additional feature. Additional property would have to be 
acquired for Alternative 4, so this terminal reservoir could be constructed to store and polish raw 
water being pulled from this riverine source. Given the reservoir control along the Pee Dee River 
from the Lake Tillery regulated discharge and reservoir sizes required for other similar regulated 
run-of-river intakes, it is estimated that 20 days of water storage (maximum daily demand) 
would likely be needed, at a minimum. Based on 30 foot depth and considering changes in 
depth and dimensions of the terminal reservoir, the minimum estimated reservoir footprint for 
Alternative 4 is 60 acres. 

3.2.5. Alternative 5 - Yadkin River Basin (Rocky River) 

3.2.5.1. BACKGROUND 

Alternative 5 seeks to evaluate the potential for meeting the needs of Union County’s Yadkin 
River Water Supply Project using the Rocky River as a surface water supply. Because the 
Yadkin River Water Supply Project will serve customers in Union County’s Rocky River IBT 
Basin service area, the withdrawal of water from the Rocky River to serve these customers 
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would not be considered an interbasin transfer (IBT), as the withdrawal, consumption and return 
points are within the same IBT basin, as defined in North Carolina General Statute 143-215.22L. 

The Rocky River is currently not classified for water supply by the State of North Carolina 
because no use as a source of water supply for drinking, culinary, or food-processing purposes 
has been designated for this river. A Rocky River Water Supply Feasibility Study was prepared 
for Union County by CH2MHill in September of 2004. The purpose of this study was to 1) 
investigate the feasibility, quantity, and cost of developing the Rocky River as a water supply 
source for Union County from an engineering and technology standpoint and 2) identify the 
permitting and regulatory requirements necessary to re-classify the Rocky River as a municipal 
water source and construction of a new water treatment plant and supporting infrastructure. Due 
to growth in the Rocky River IBT Basin and IBTs in the upper reaches of this river basin, the 
base flow in the river is also increasing as a result of increased wastewater discharge, which 
may create a potential water supply source for the lower portions of the river (CH2MHill, 2004). 

The Rocky River is currently a Class C water resource and would need to be re-classified to 
Water Supply (WS) status before being utilized as a municipal water source. DENR classifies 
each water body in the state according to its uses. The Rocky River is currently classified as 
Class C waters, which means it is used for aquatic life propagation; survival, and maintenance 
of biological integrity (including fishing and fish); wildlife; secondary contact recreation; and 
agriculture. WS waters are protected for all Class C uses plus as a source of water supply for 
drinking, culinary, or food-processing purposes. DENR has five water supply classifications with 
four classifications for use as public potable water supplies dependent on the amount of 
development and types of discharges within the watershed. WS-I water supplies are located 
within natural, undeveloped watersheds, and WS-IV watersheds would have the greatest 
amount of development. WS-V watersheds are protected as water supplies which are generally 
upstream and draining to Class WS-IV waters or waters used by industry to supply their 
employees with drinking water or waters formerly used for public water supply. Given the 
development in the Rocky River headwaters and the presence of the major wastewater 
treatment plants in the watershed, it is likely that the Rocky River would be classified as a WS-
IV watershed (CH2MHill, 2004); however, DENR would need to make a formal recommendation 
to the EMC and the EMC would, in-turn, make the final determination. Major steps needed to 
reclassify the Rocky River include: 

1) Union County requesting DENR to reclassify the Rocky River 
2) DENR performing instream sampling and reviewing watershed characteristics to 

determine potential water supply classification 
3) DENR seeking permission from the NC Environmental Management Commission 

(EMC) to process the reclassification 
4) DENR leading the reclassification process 
5) Local governments in the watershed developing water supply protection ordinances 

for the Rocky River, including buffer requirements. 

The amount of water available for withdrawal is dependent on 1) natural hydrologic variability, 2) 
environmental regulatory requirements, 3) planned withdrawals and discharges in the 
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watershed, and 4) physical design constraints for a run of river intake. The regulatory 
requirements for reclassifying the Rocky River to a water supply must be considered, as well as 
the potential water supply available for withdrawal during low flow conditions along the 
northeastern end of Union County. As the Rocky River is very wide and shallow, it would likely 
require a low profile dam for reliable operation of a water supply intake, making this alternative 
subject to scrutiny for impoundment considerations, as well as potential impacts to the 
endangered Carolina Heelsplitter mussel habitat in tributaries of the Rocky River. The mussel 
larvae attach to a fish host, and thus it is important to ensure that any habitat alteration that 
would occur with construction of the dam would not impact the fish host (CH2MHill, 2004). As 
such, other raw water intake options, such as Ranney Collector Wells could be considered. 
However, the yield of such alternate intake options is currently unknown. 

The Rocky River is located in the Piedmont Physiographic Province in South Central North 
Carolina. The River begins near the Town of Mooresville in Iredell County, and flows 
approximately 91 miles through Iredell, Cabarrus, Mecklenburg, Union, Stanly and Anson 
Counties to the confluence of the Pee Dee River. At its confluence with the Pee Dee, the Rocky 
River drains 1,413 square miles. Major tributaries to the Rocky River include: Clarke Creek, 
Mallard Creek, Coddle Creek, Irish Buffalo Creek, Dutch Buffalo Creek, Goose Creek, Long 
Creek, Richardson Creek, and Lanes Creek (CH2MHill, 2004). 

3.2.5.2. RAW WATER INTAKE AND PUMP STATION 

The 2004 CH2MHill Feasibility Study indicated the proposed intake should be located adjacent 
to the NC Highway 205 bridge crossing over the Rocky River. The drainage area at this location 
is approximately 744 square miles. Based on USGS low flow estimates at Stanfield, the natural 
7Q10 flow is estimated as 23 cfs or 14.8 mgd. The Study indicated that the major tributary 
between Stanfield and NC Highway 205 is Crooked Creek, with an estimated 7Q10 flow of 0 
cfs. 7Q10 is the seven-day, consecutive low flow, with a ten year return frequency. It is the 
lowest stream flow for seven consecutive days that would be expected to occur once in ten 
years. Additionally, the Study estimated that some of the wastewater discharged within the 
Rocky River Subbasin upstream would be available at the proposed surface water intake.   

The Study assumed that flows from future flows from the Water and Sewer Authority of 
Cabarrus County (WSACC) Rocky River Regional Wastewater Treatment Plant would readily 
be available for withdrawal under low flow conditions, and estimated that approximately 21 mgd 
of flow would be available for surface water withdrawal at NC Highway 205 in excess of the 
natural 7Q10 in 2020, 26 mgd in 2030 and 38 mgd in 2050. However, projections for future 
wastewater flow from the WSACC that could be available for downstream water supply were 
based upon Black & Veatch’s 2002 Water and Wastewater Master Plan for WSACC (CH2MHill, 
2004). Actual population growth experienced for WSACC’s service area through 2010 was 
approximately 15% lower than the projected growth, per NC Division of Water Resources Local 
Water Supply Plans. As such, it is approximated that only 18 mgd,  22 mgd and 32 mgd of flow 
in excess of the natural 7Q10 may be available for water supply in 2020, 2030 and 2050, 
respectively. This potential available supply is inherently dependent upon future service area 
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growth for WSACC and increasing wastewater discharges into the Rocky River, upstream of a 
proposed Union County raw water intake. 

However, the SEPA minimum criteria threshold for consideration of a site-specific field study to 
establish flow requirements downstream of a public water supply intake is 20 percent of the 
7Q10. Based on the estimated 7Q10 value presented above of 23 cfs, or 14.8 mgd, any 
withdrawal that exceeds 4.6 cfs, or 2.9 mgd, would require additional scrutiny. Therefore, 
projecting stream flows available for off-stream public water supply use based on the increase 
of wastewater discharges associated with growth should be done cautiously given the number 
of uncertainties, such as the accuracy of growth projections, assimilative capacity, and in-
stream flow requirements. 

 As a future water supply from the Rocky River is highly contingent upon factors outside of 
Union County’s direct control (i.e. future wastewater flows from another upstream regional 
utility), this alternative does not lend itself to providing Union County with a reliable surface 
water source in which to meet the needs of its current and future customers in the Rocky River 
IBT Basin of the Yadkin River Basin. 

The Rocky River, in the vicinity of the proposed intake location near Highway 205, is several 
hundred feet wide and shallow, which is typical of the river in the northeastern end of Union 
County. The 2004 Study suggested that a low profile dam may be needed across the Rocky 
River to ensure adequate depth in the river at the proposed water supply intake. A “V” notched 
weir would also be needed in the intake structure to maintain the natural 7Q10 flows in the river 
during low flow conditions. 

On May 17, 2000, DENR performed a time-of-travel (TOT) study on the Rocky River. As part of 
this study, flow and cross-sections were measured at various locations along the river. At NC 
Highway 205, the flow was 147 cfs, and the average depth across the river was approximately 
one foot. A similar study was completed in March 2000, during which the flow at NC Highway 
205 was 304 cfs, and the average depth was 1.4 feet. Due to these shallow depths, a low profile 
dam is likely needed to ensure adequate depth for the raw water intake (CH2MHill, 2004). The 
2004 Feasibility Study indicated the slope of the river is very flat so that a two-foot high dam 
located just downstream of NC Highway 205 would impact the river 2,400 feet upstream. 
Revised estimates for Alternative 5 of the Union County YRWSP indicate a low profile dam 
approximately 3 feet tall and 200 feet long would be necessary at this location to support a new 
raw water intake. The estimated area of inundation for such a dam structure is 20.2 acres, 
affecting approximately 1.25 miles of the upstream river reach. Alternately, the use of a Ranney 
collector well intake could be considered. However, yields from such an intake in the Rocky 
River at this location are currently unknown, although it is anticipated that at least three such 
collector well intake structures would be required at this site. 

If a new intake and pump station were to be constructed on the Rocky River, they would need to 
be designed to operate within this wide range of river levels, which is typical of “run-of-river” raw 
water intakes. Similar to Alternative 4, the design for this type of facility differs from those on 
reservoirs. As previously discussed for Alternative 4, design consideration must be given to 
protection of the facility from debris and sediment, fish entrainment, operation during a 100 year 
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flood event, etc. Also, the proposed raw water pipeline would need to be designed to carry raw 
water from the pump station at the river to a pre-treatment settling (terminal) reservoir at the 
water treatment plant. Therefore, the run-of-river intake in the Rocky River, as proposed under 
Alternative 5, would require a significantly larger land area at the water treatment plant to 
accommodate this additional feature, as compared to the other lake-based intake alternatives. 
Details of this reservoir are further discussed with the Alternative 5 water treatment facility 
requirements as discussed in Section 3.2.5.4. 

Two intake options are proposed for this location under Alternative 5. Option A would consist of 
a low profile dam, intake, and pumping station. Option B would consist of three Ranney collector 
well structures. As previously discussed, it is estimated the dam for Option A would need to be 
approximately 200 ft in length and approximately 3 feet tall. The low profile dam will include a v-
notch weir capable of allowing the minimum regulated flow to pass downstream. The intake 
would consist of two flat screens located at the front of a concrete diversion channel that will 
lead to a collection well at the pump station. Each screen should be sized for 16.5 mgd 
(YRWSP 2050 average annual daily demand) with a combined maximum day capacity of 28 
mgd. As the raw water pumping station would be located inside of the 100 year flood plain, it 
would have to be constructed vertically, above the flood plain. Under this option, the pump 
station facility would need to include four raw water pumps within a dedicated pump room and 
an adjacent electrical room. 

Option B would consist of three Ranney collector wells and pumping stations within each well 
built vertically above the 100-year flood plain elevation. Under this option, a Ranney collection 
well is proposed to be built for each phase of expansion (three total phases) and sized to meet 
the demand of that phase (12, 20 and 28 mgd maximum daily demand for Phases 1, 2 and 3, 
respectively). Two raw water pumps would be installed with each collector well structure, for a 
total of six pumps installed in the three collector wells. The Ranney collector well and lateral 
collectors would require a hydrogeological study as part of the future facility design to determine 
if sufficient river yield is available and the required size of each system. Similar to Option A, as 
the Ranney collection wells would be located inside of the 100 year flood plain, they would have 
to be constructed vertically, above the flood plain. 

3.2.5.3. RAW WATER TRANSMISSION MAIN 

Similar to other alternatives, conceptual raw water transmission design indicates the need for 
parallel 36-inch diameter ductile iron pipe for Alternative 5 to provide necessary redundancy and 
meet Union County’s 2050 water demands. The proposed alignment extends approximately 3 
miles from the raw water pump station on the Rocky River to the proposed Site Area A for the 
Yadkin River Water Treatment Plant. For WTP Site Areas B and C, the alignment extends an 
additional 8 and 7 miles, respectively. The proposed route is reflected as Alternative 5 on Figure 
2-3. The detailed study corridor for this proposed route is also reflected in Figure 3-1b. 

WTP Site Area A 
The proposed route for Union County’s raw water transmission main would begin in Union 
County at a proposed raw water intake and pump station on the Rocky River at the Union-
Stanly County line at NC-205. The raw water transmission line would follow NC-205 south to the 
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proposed Site Area A for the Yadkin River Water Treatment Plant, located just north of New 
Salem, near Old Kennedy Fork Road. 

WTP Site Area B 
The proposed Alternative 5 raw water transmission line alignment to the proposed Yadkin River 
Water Treatment Plant Site Area B is identical to that of Site Area A, described above, except 
the proposed alignment continues an additional 8 miles to the proposed treatment plant site. 
The additional alignment length from the proposed WTP Site Area A to Site Area B is identical 
to that as previously described for Site Area B under Alternative 1-A. 

WTP Site Area C 
The proposed Alternative 5 raw water transmission line alignment to the proposed Yadkin River 
Water Treatment Plant Site Area C is identical to that of Site Area A, described above, except 
the proposed alignment continues an additional 7 miles to the proposed treatment plant site. 
The additional alignment length from the proposed WTP Site Area A to Site Area C is identical 
to that as previously described for Site Area C under Alternative 1-A. 

3.2.5.4. WATER TREATMENT PLANT 

For this alternative, Union County proposes to build a new water treatment plant in the 
northeastern portion of Union County to serve its customers in the Rocky River IBT Basin of the 
Yadkin River Basin. The proposed water treatment plant siting areas (Proposed Water 
Treatment Plant Site Areas A, B and C), details and required capacity for Alternative 5 are the 
same as that presented for Alternative 1. However, Alternative 5 would also require the 
construction of a pre-treatment settling (terminal) reservoir, similar to that described for 
Alternative 4, for raw water storage for this riverine water source. 

As previously stated, the DENR Public Water Supply Section has recommended a minimum of 
five days of off stream storage is prudent for any run-of-river intake. Additional property would 
have to be acquired for Alternative 5, so this terminal reservoir could be constructed to storage 
and polish raw water being withdrawn from this riverine source. While Alternative 4 has 
sufficient reservoir control along the Pee Dee River from the Lake Tillery regulated discharge to 
necessitate only the minimum five day reserve water supply, the Rocky River source for 
Alternative 5 does not have similar levels of regulated flow control. As such, this source is much 
more susceptible to low flow events, and necessitates a larger terminal reservoir for reserve 
water storage.   

Due to the Rocky River’s unregulated and unrestricted flow regime (not part of a chained 
reservoir system) and historic susceptibly to low flow periods, it is estimated a 30 day minimum 
water storage volume (maximum daily demand) would be needed for this alternative. Based on 
a 30 foot depth and considering changes in depth and dimensions of the terminal reservoir, the 
minimum estimated reservoir footprint for Alternative 5 is 90 acres. Without significantly more 
detailed hydrologic conditions analysis, it is unknown if this would be a feasible long-term supply 
without a significantly sized reservoir. Based on review of historical recorded Rocky River flows, 
it is evident that flow within this water body can be, and certainly has been less than the 
amended 7Q10 flow. For purposes of conceptual design and cost estimates, it has been 
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assumed that a 90 acre terminal reservoir would be required for Alternative 5, to provide 30 
days of reserve raw water storage at the County’s maximum daily demand projection for the 
Year 2050 (28 mgd). 

3.2.6. Alternative 6 – Catawba River Basin (Catawba River) 

3.2.6.1. BACKGROUND 

Alternative 6 seeks to evaluate the potential for meeting the needs of Union County’s Yadkin 
River Water Supply Project using the Catawba River, as a surface water supply. This alternative 
proposes the expansion of the Catawba River Water Treatment Plant (CRWTP) for the Catawba 
River Water Supply Project (CRWSP) (Union County’s existing joint venture with Lancaster 
County, South Carolina) to provide finished water to Union County’s Rocky River IBT Basin in 
the Yadkin River Basin Service Area. This alternative would utilize the existing raw water intake, 
treatment facilities, and finished water distribution mains, each with required expansions, to 
serve as the sole source of finished water supply within Union County. 

Currently, the CRWSP provides finished water to all of Union County’s Catawba River Basin 
Service Area, as well as a portion of the County’s Yadkin River Basin Service Area. The County 
is able to transfer Catawba River Basin water into the Rocky River IBT Basin of the Yadkin 
River Basin through an existing grandfathered North Carolina IBT of up to 5 mgd. Additionally, 
there is an IBT limit imposed by South Carolina through the surface water withdrawal permit for 
the CRWSP for the transfer of up to 20 mgd (combined limit for Union County, NC and 
Lancaster County, SC) of water out of the Catawba River Basin to the Yadkin River Basin. 
Projected water demands in this service area, however, indicate that the County will reach the 
existing North Carolina grandfathered IBT limit (5 mgd) by 2020. In order to meet projected 
water demands in the Rocky River IBT Basin service area through the County’s Catawba River 
water supply (Alternative 6), a significant increase to the grandfathered IBT limit is required. 
Such an increase would require a new IBT Certificate from the North Carolina Environmental 
Management Commission for water transfers from the Catawba River Basin to the Yadkin River 
Basin (Rocky River IBT Basin). Additionally, projected water demands indicate that the County 
will exceed the 20 mgd South Carolina IBT limit between 2040 and 2050, which would require 
modification to this permitted transfer of water outside of the Catawba River Basin, and would 
not afford any IBT capacity to Lancaster County as a joint venture partner in the CRWSP. 

Water transfers made under this alternative may be subject to the Cork Rule Exception which 
states that water transferred from one basin to another but then returned to the original basin 
and subsequently transported past the original withdrawal point (via discharge upstream of the 
withdrawal) are not considered transfers except for the volume of water that is consumed 
through human consumption, irrigation and subsurface disposal via septic systems. North 
Carolina Administrative Code 15A NCAC 02E. 0401(b) specifically addresses the “Cork Rule”, 
where the following are not considered interbasin transfers: 

1. The discharge point is situated upstream of the withdrawal point such that the water 
discharged will naturally flow past the withdrawal point.  
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2. The discharge point is situated downstream of the withdrawal point such that water 
flowing past the withdrawal point will naturally flow past the discharge point. 

The Cork Rule Exception would apply to this alternative since water would be withdrawn from 
the Catawba River, transported to the Rocky River IBT Basin in Union County, and discharged 
back into the Catawba River via wastewater discharges emanating from County’s Twelve Mile 
Water Reclamation Facility (WRF). Under this alternative, some wastewater generated in the 
Rocky River IBT Basin is, and will continue to be, diverted back to the Twelve Mile WRF in the 
Catawba River Basin, through the County’s Poplin Road Pump Station, planned scalping at the 
Crooked Creek WRF, and future diversion of some wastewater flow in the Richardson Creek 
and Lake Lee Basins. The Twelve Mile WRF discharges into Twelve Mile Creek, which 
subsequently discharges into the Catawba River just upstream of the Catawba River Water 
Treatment Plant raw water intake.  

An increase above 2 mgd to a grandfathered interbasin-transfer allowance generally requires an 
IBT Certificate. Union County’s approved grandfathered IBT amount for transfers from the 
Catawba River Basin to the Yadkin River Basin is 5 mgd. Annual average daily wastewater 
returns from the Yadkin River Basin back to the Catawba Basin are projected to be 7.3 mgd by 
the year 2050, while the estimated transfer of finished water from the Catawba River Basin to 
the Yadkin River Basin is projected to be 28.9 mgd (max. month daily average basis), for 
Alternative 6. The resulting IBT, using the Cork Rule Exception, is projected to be 21.6 mgd by 
the year 2050 (finished water transfer minus wastewater return), thereby exceeding the 
grandfathered IBT amount by more than the 2 mgd limit. Given this consideration, an IBT 
certificate will still be necessary to meet the water demands of the County’s Rocky River IBT 
Basin for this alternative. 

3.2.6.2. EXISTING FACILITIES 

The CRWSP is a Joint Venture wholly owned and operated by the two joint venturers, Lancaster 
County Water & Sewer District in South Carolina and Union County in North Carolina. In 1991 
the two joint venturers determined that, by joining together to construct a new water treatment 
plant for their mutual benefit, rather than each separately constructing its own new water plant, 
certain economies of scale and a long term secure source of high-quality potable water could be 
achieved, resulting in long term savings and other tangible benefits for their respective 
customers. 

The raw water intake, pumping station, reservoir, reservoir pumping station and treatment plant 
construction were completed in 1993 and started delivering drinking water to each county in late 
April of 1993. The original plant treatment capacity was 12 mgd. In 1998 the plant was 
expanded to a capacity of 18 mgd. In 2003, another expansion was completed bringing the 
plant capacity to 36 mgd. 

As it exists today, the primary components of this supply include: 

• Raw Water Intake and Pumping Station on the Catawba River 
• 100 million gallon raw water reservoir 
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• Reservoir Pumping Station 
• Water treatment facilities and finished water storage 
• Finished Water Pumping Station 
• Dual 24- and 42-inch diameter transmission mains to the Union County Sims Road Tank 
• County-Wide Transmission Main (42/36-inch) serving Union County 

The CRWSP is currently in the conceptual planning stages of another expansion. Based upon 
current demand projections, additional plant capacity will be needed sometime between 2018 
and 2022. Once completed, Union County’s portion of the treatment capacity will be 27 mgd. 
Other improvements currently being permitting for construction at this facility include a new river 
pump station and intake, a new 92-acre off-stream reservoir (1.094 billion gallon storage 
capacity), and reservoir pump station to provide a drought buffer during periods of low flow in 
the Catawba River. 

3.2.6.3. PROJECTED DEMANDS 

Finished water demand projections were developed in order to assess the raw water, treatment 
and finished water conveyance improvements needed for this alternative and include demands 
for both the County’s Catawba River Basin Service Area and Yadkin River Basin Service Area. 
For the purposes of this evaluation, the projected demands are as follows: 

Table 3-2 Catawba River Water Supply Projected 2050 Maximum Daily Demands 
Entity Year 2050 Demand (MDD) 

Union County 64 mgd 
Lancaster County 25 mgd 

Total Demand 89 mgd 
 
The demand projections for Lancaster County were developed from previous projections 
provided in the February 2010 Preliminary Engineering Report (Hobbs, Upchurch & Associates, 
P.A. & Marziano and McGougan, P.A., 2010). Lancaster County projections were presented 
through 2030 in the 2010 Preliminary Engineer Report, and a linear regression was used to 
project water demands to 2050 for purposes of this alternative evaluation. 

Expansion of the existing CRWTP and raw water supply will be required to meet these 
projections. An assessment of each of the required improvements to meet a capacity of 89 mgd 
is summarized below. 

3.2.6.4. RAW WATER INTAKE, PUMPING STATION AND TRANSMISSION MAIN 

The CRWTP maintains a run of the river intake below the confluence of Twelve Mile Creek and 
the Catawba River and above the discharge of Resolute Forest Products (formerly Bowater 
Inc.), near Van Wyck, South Carolina. 

The major Raw Water Intake and Pumping Station components along with required 
improvements to treat a future demand of 89 mgd are summarized in the Table 3-3. The 
CRWSP is currently permitting a proposed intake expansion which will be located approximately 
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100 feet downstream from the current intake and includes a new intake and river pump station 
facility. 

Table 3-3 Catawba River Water Treatment Plant Raw Water Intake and Pumping Station Required 
Improvements 

Existing Facilities  Description Capacity 
Intake Three 42-Inch Static Screens 18 mgd each/54 mgd  

Total Capacity 
Raw Water Pumping Station Three Vertical Turbine Pumps 18 mgd each/36 mgd  

Firm Capacity 

 

Proposed Facility 
Additions Description Capacity 

Intake Three 48-Inch Static Screens 23 mgd each 
Raw Water Pumping Station Three Vertical Turbine Pumps 23 mgd each 

Raw Water Transmission 
Bypass Piping 

Two 48-Inch Transmission 
Mains, 2,000 LF 

Total Capacity– 100 mgd 

 

3.2.6.5. RAW WATER RESERVOIR AND RESERVOIR PUMPING STATION 

The raw water reservoir is being proposed for expansion from a capacity of approximately 0.1 
billion gallons (BG) to 1.094 BG of storage to provide the facility with a drought buffer in the 
event of prolonged low flow periods in the Catawba River. The reservoir design is complete with 
projected construction completion in 2018. Sizing of the reservoir expansion was developed by 
Black and Veatch. The following is an excerpt from the November 6, 2009 design memorandum 
prepared by Black and Veatch: 

Provisions in the IBT permit recommend permittees enter into an agreement with Duke 
Power Company, to have the company release water from Lake Wylie into the Catawba 
River when stream flows are less than the referenced minimums. This allows the 
permittee to withdraw an amount equal to the additional release from Duke Power 
Company during the low flow periods. The plant owners have entered into such an 
agreement, allowing them to withdraw up to 71 cfs/day (45 mgd) during low flow periods. 
The Duke water release is based upon the Catawba-Wateree Low Inflow Protocol (LIP). 
This protocol identifies drought triggers that may impact the water release by Duke 
Power. If stage 4 conditions were to occur, Duke would not be held to the release 
agreement and the water available to CRWTP for withdrawal may be reduced. In 
general, the Catawba River stream flow should be maintained above 1,200 cfs (Black & 
Veatch, 2009). 

Black and Veatch evaluated USGS flow data from the year 2000 to 2008 to determine the 
maximum number of consecutive dry days per year where stream flows were below 1,200 cfs in 
order to determine required storage capacity during drought periods. Storage capacity was 
determined by multiplying the number of dry days obtained by required daily flows based on the 
following demand conditions: 
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• Maximum Recorded Peak Daily Demand (34 mgd) times the maximum consecutive dry 
days per year between 2000 and 2008 average (15 days) - 510 million gallons. 

• Minimum or Drought Conservation Demand (15 mgd) times the maximum number of 
consecutive dry days during drought conditions (49 days) – 735 million gallons. 

• Projected Future Daily Demand (46.4 mgd) from the HDR/Duke Energy Water Supply 
Study Report for the Catawba-Wateree Hydroelectric Relicensing Project, April 2006, 
times the average consecutive dry days (15 days). - 696 million gallons. 

Including an additional 5 percent above the largest storage requirement of 735 million gallons, 
to account for unusable volume and a safety factor, the required reservoir capacity was 
estimated by Black and Veatch to be 800 million gallons. However the topography of the site is 
such that it economically offers a greater storage capacity of approximately 1 billion gallons. 
Additional dikes or saddle dams would otherwise be required to expand the reservoir capacity 
beyond this amount. Considering this, the reservoir has been designed and is being permitted 
for the most cost effective volume of 1 billion gallons (Black & Veatch, 2009). 

For the proposed 2050 expansion to 89 mgd, it is anticipated that the average day demand will 
be approximately 52 mgd assuming a peak factor of 1.7. This is consistent with the last demand 
condition described above indicating the proposed reservoir with 1 BG of capacity will provide 
sufficient storage to meet the previous agreed to constraints. These constraints will certainly 
have to be revisited in the future when the plant is expanded incrementally. 

The reservoir expansion will also include replacement of the existing reservoir pumping station 
and transmission main which will be inundated when the new reservoir is complete. The design 
conditions listed in Table 3-4 were identified in the Black and Veatch memorandum (Black & 
Veatch, 2009). 

Table 3-4 Catawba River Water Treatment Plant Reservoir Pumping Station Design Criteria 
Item Design Criteria 

Pump Type Multi-Stage Vertical Turbine Pumps 
Number of Pumps Initial – 2 operating, 1 standby – 23,100 gpm, 700 HP each 

2050 Demand Condition – Add one additional 
 
As part of the reservoir expansion, new conveyance piping is proposed from the new reservoir 
to the water treatment plant connection point. The design recommends a 48-inch diameter main 
to achieve a raw water capacity of 60 mgd with a second 48-inch diameter pipe installed to 
achieve a 100 mgd build-out. For this analysis, it was assumed that the second 48-inch 
diameter pipe would be installed.  

3.2.6.6. WATER TREATMENT FACILITY 

In order to meet the future demands several improvements will be required at the WTP. These 
are summarized in the Table 3-5. 

. 

  

75 



Union County Public Works | Environmental Impact Statement 
ALTERNATIVES ANALYSIS  

 

Table 3-5 Catawba River Water Treatment Plant Additional Improvements Required 
WTP Improvement Description 

Rapid Mix Dual compartment mechanical backmix facilities 
Coagulation/ Flocculation/ 

Sedimentation 
Six , 10  mgd Superpulsators 

Filtration Eighteen filter cells 
GAC Contactors Twelve post filter GAC contactors and low lift pumping station 

High Service Pumping Station Six, 13 mgd vertical turbine pumps 
Chemical Feed Equipment New chemical building 

Storage One, 3 million gallon clearwell 
Residuals Thickening Three  80’ diameter gravity thickener  
Residuals Dewatering Dewatering Building including residuals storage, polymer 

system, dewatering feed pumps and three 300 gpm 
centrifuges (ultimate capacity) 

 
As indicated previously, the current plant capacity is 36 mgd. For Alternative 6, an additional 53 
mgd expansion of existing facilities would be required to meet the combined 2050 demands of 
89 mgd for Union County’s Catawba and Yadkin River Basin Service Areas, as well as 
Lancaster County. Under this alternative, it is anticipated that expansion would occur in three 
phases with Phase 1 consisting of a proposed 18 mgd expansion to 54 mgd. The second and 
third expansion phases would also increase the plant capacity approximately 18 mgd each 
phase for an ultimate capacity of 90 mgd. 

3.2.6.7. FINISHED WATER TRANSMISSION MAIN 

The CRWTP has existing 24-inch and 42-inch parallel finished water transmission mains into 
Union County. These mains are capable of delivering up to 27 mgd to the County, based on the 
current CRWTP plant capacity of 18 mgd, plus an additional future capacity of 9 mgd. To meet 
the projected future water demands (64 mgd by the year 2050 (max. month daily average)) of 
the County’s customers in both the Catawba and Yadkin River Basins, these existing 
transmission mains would need to be paralleled with additional mains capable of delivering an 
additional 37 mgd or more. 

The existing route for finished water transmission from the CRWTP to Union County begins at 
the CRWTP in Lancaster County, SC near the town of Van Wyck. The 42-inch ductile iron main 
travels northeastward along Steel Hill Road through the Town of Van Wyck, across US Highway 
521, following Niven Road to the intersection of Rehobeth Road. The 24-inch ductile iron main 
travels eastward along SC-75, south of Van Wyck, crosses US Highway 521, and travels along 
East Rebound Road to the intersection of Rehobeth Road at the Lancaster County – Union 
County line. The 24-inch main then travels northward along Rehobeth Road into Union County 
to the intersection of Niven Road. At this point both the 42-inch and 24-inch mains travel in 
parallel eastward along Rehobeth Road and continue to follow this road to the north and 
intersection with Sims Road. At this location, Union County owns two finished water storage 
tanks (4 million gallon capacity and 2 million gallon capacity). For the proposed Alternative 6 
raw water transmission alignment, the route would follow the northern route of the existing 42-
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inch main, previously described. The proposed expanded finished water transmission route into 
Union County’s Yadkin River Basin Service Area is reflected as Alternative 6 on Figure 2-3. The 
detailed study corridor for this proposed route is also reflected in Figure 3-1c. 

From these tanks, the 24-inch transmission main continues northward along Rehobeth Road 
into the western portion of the County’s Catawba River Basin water service area (Pressure 
Zones 821 and 873), including the municipalities of Waxhaw, Marvin, and Weddington. The 42-
inch transmission main continues from the Sims Road storage tanks eastward along Sims Road 
and then eastward along Old Waxhaw-Monroe Road. The main continues to follow Old-
Waxhaw-Monroe Road northeastward, crossing over Waxhaw Road (NC-75), where the road 
then becomes Rocky River Road. The 42-inch main briefly continues along Rocky River Road 
to a pump station located at the intersections of Rocky River Road with Watkins Road and Price 
Shortcut Road, at which point the transmission mains are reduced in size and branched in 
multiple directions. The two main lines leaving the pump station are a 24-inch service line to the 
north along Price Shortcut Road and a 16-inch service line traveling north along Rocky River 
Road. The 16-inch line continues along Rocky River Road to US Highway 74 (W. Roosevelt 
Blvd.), where it then travels westward along US-74. The 42-inch main and its associated 
branches serve eastern portion of the County’s Catawba River Basin service area and western 
portion of the Yadkin River Basin service area (Pressure Zones 853 South and 853 West), 
including the municipalities of Mineral Springs, Wesley Chapel, Indian Trail, Stallings, Lake Park 
and Hemby Bridge.   

Pressure Zones 730, 762 and 853 East in the Yadkin River Basin service area are currently 
served by the County’s water supply from Anson County. However, under Alternative 6, these 
pressure zones and future development in the Yadkin River Basin service area would need to 
be served with Catawba River water provided from the CRWTP. As such, the 16-inch water 
service line traveling along US-74 would need to be increased in size or paralleled with a larger 
line that could extend further into the northern and eastern portion of the County to serve these 
additional pressure zones. 

3.2.7. Alternative 7 – Catawba River Basin (Mountain Island Lake) 

3.2.7.1. BACKGROUND 

Alternative 7 seeks to evaluate the potential for meeting the needs of Union County’s Yadkin 
River Water Supply Project using the Catawba River, as a surface water supply. This alternative 
proposes the purchase of finished water from Charlotte Water and subsequent transfer of this 
water into Union County’s Rocky River IBT Basin in the Yadkin River Basin service area. This 
alternative would utilize Charlotte Water’s existing facilities in the Catawba River Basin, to serve 
Union County’s customers in the Rocky River IBT Basin (Yadkin River Basin). 

Currently, the Catawba River Water Treatment Plant (CRWTP) in Lancaster County, SC, 
provides finished water to all of Union County’s Catawba River Basin service area, as well as a 
portion of the County’s Rocky River IBT Basin (Yadkin River Basin) service area. The County is 
able to transfer Catawba River Basin water into the Rocky River IBT Basin of the Yadkin River 
Basin through an existing grandfathered North Carolina IBT of up to 5 mgd. Additionally, there is 

77 



Union County Public Works | Environmental Impact Statement 
ALTERNATIVES ANALYSIS  

 

a 20 mgd IBT limit for CRWTP for the transfer of water from South Carolina to North Carolina 
between these two basins. Projected water demands in this service area, however, indicate that 
the County will reach the existing North Carolina grandfathered IBT limit (5 mgd) by 2020. In 
order to meet projected water demands in the Rocky River IBT Basin service area through 
water supplied from Catawba River Basin sources, a significant increase to the grandfathered 
IBT limit is required. Such an increase would require a new IBT Certificate from the North 
Carolina Environmental Management Commission for water transfers from the Catawba River 
Basin to the Yadkin River Basin (Rocky River IBT Basin). 

Currently, Union County provides water to its customers in the Rocky River IBT Basin from both 
the Catawba River source and finished water purchased from Anson County (Yadkin River 
source). However, the initial contract term with Anson County expired in 2012 and is currently 
under an auto-renewing cycle, with the next renewal scheduled for 2017.  Should either party 
choose give termination notice during the auto-renewing period, the contract may be voided. As 
such, Alternative 7 assumes that the Anson County water supply will cease, in favor of 
supplying the Rocky River IBT Basin with finished water solely from Charlotte Water’s Catawba 
River Basin sources. However, utilization of the 5 mgd grandfathered North Carolina IBT from 
the CRWTP is assumed to continue, in addition to water supplied by Charlotte Water in the 
Rocky River IBT Basin. 

Water transfers from Charlotte Water to Union County made under this alternative would not be 
subject to the Cork Rule Exception since water would be withdrawn from the Catawba River by 
Charlotte Water at either their Lake Norman or Mountain Island Lake intakes, transported to the 
Rocky River IBT Basin in Union County, and discharged back into the Catawba River via 
wastewater discharges emanating from the County’s Twelve Mile Water Reclamation Facility 
(WRF). Under this alternative, some wastewater generated in the Rocky River IBT Basin is, and 
will continue to be, diverted back to the Twelve Mile WRF in the Catawba River Basin, through 
the County’s Poplin Road Pump Station, planned scalping at the Crooked Creek WRF, and 
future diversion of some wastewater flow in the Richardson Creek and Lake Lee Basins. 
However, the Twelve Mile WRF discharges into Twelve Mile Creek, which subsequently 
discharges into the Catawba River downstream of Charlotte Water’s raw water intakes. 
However, as previously discussed for Alternative 6, the portion of water supplied to Union 
County from their existing Catawba River Water Treatment Plan would qualify for the Cork Rule 
Exception, as the Twelve Mile Creek discharge point is upstream of Catawba River Water 
Treatment Plant. 

An IBT certificate is required for surface water transfers in excess of 2 mgd between defined IBT 
basins. Union County’s approved grandfathered IBT amount for transfers from the Catawba 
River Basin to the Yadkin River Basin is 5 mgd. Wastewater returns from the Yadkin Basin back 
to the Catawba Basin are projected to be 7.3 mgd by the year 2050, while the estimated transfer 
of finished water from the Catawba Basin to the Yadkin Basin is projected to be 28.9 mgd (max. 
month daily average basis), for Alternative 7. Of this 28.9 mgd, 16.6 mgd is projected to be 
needed from Charlotte Water, with the remaining 12.3 mgd being supplied from Union County 
Catawba River Water Treatment Plant. Accounting for the Cork Rule Exception, if 12.3 mgd is 
supplied from the Catawba River Water Treatment Plant by the year 2050 and 7.3 mgd is 
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projected to be returned to the Catawba River via the Twelve Mile WRF, the net IBT from this 
source is equal to 5 mgd (withdrawals minus returns), which is within the County’s existing 
grandfathered limit. Therefore, it is projected that the full 16.6 mgd purchased from Charlotte 
Water by the year 2050 would require an IBT certificate equal to 16.6 mgd, as the Cork Rule 
Exception would not apply to this water purchase. 

According to their 2014 North Carolina Local Water Supply Plan, Charlotte Water withdrew an 
average annual daily amount of water equal to 18.3 mgd from Lake Norman (Lee Dukes Water 
Treatment Plant) and 82.9 mgd from Mountain Island Lake (Franklin and Vest Water Treatment 
Plants), for a combined average daily withdrawal of 101.2 mgd. Charlotte Water’s available 
water supply from Lake Norman is 55 mgd and 108 mgd from Mountain Island Lake (163 mgd 
total supply), based on average annual daily values, per its existing permits with the Federal 
Energy Regulatory Commission (FERC). Charlotte Water’s water demand projections, as stated 
in the 2014 NC Local Water Supply Plan, indicate an average annual daily water demand of 
169.49 mgd (168.5 mgd internal demand plus 0.99 mgd of wholesales)) by the year 2050 and a 
total water supply of 188 mgd (163 mgd existing surface water supply plus 25 mgd projected 
future surface water supply (increased Lee Dukes WTP capacity) from the Catawba River). 
These projections indicate that Charlotte Water’s demand as a percent of water supply will be 
approximately 90% by 2050.   

Future water sales from Charlotte Water to Union County, as described for Alternative 7, would 
require approximately 12 mgd (average annual daily value), based on 2050 demand projections 
for the County. By 2050, Union County’s demand would represent slightly less than 7 percent of 
the overall Charlotte Water demand. The additional water demand of Union County would 
increase Charlotte Water’s projected demand to 97% (182 mgd) of its future water supply of 188 
mgd. This could require expansion of Charlotte Water’s intake(s), water treatment facilities and 
distribution system, to meet the increased system demand by adding Union County as a 
wholesale customer. Additionally, Charlotte Water would likely be required to petition FERC for 
additional withdrawal capacity from Lake Norman and/or Mountain Island Lake. 

3.2.7.2. RAW WATER INTAKE AND PUMP STATION 

Charlotte Water currently has raw water intakes in two surface water reservoirs in the Catawba 
River Basin. The raw water intake associated with the Lee Dukes WTP in Huntersville, NC is 
located in Lake Norman. Constructed in 1996, this intake is a platform type, gravity flow intake 
with four submerged screens and two 60-inch raw water mains. Currently, only one of these raw 
water mains is used, with the second line planned for future expansion. The raw water lines 
extend approximately one mile to the site of the Lee Dukes WTP. The intake flow capability is 
currently 25 mgd through four 70-inch screens. The installation of four additional 70-inch 
screens and the use of the second 60-inch raw water main would allow a future flow capability 
of up to 50 mgd. 

Charlotte Water’s Catawba River Pump Station on Mountain Island Lake includes raw water 
intakes and pumping facilities associated with the Franklin and Vest WTPs in Charlotte, NC. 
Originally constructed in 1918, with subsequent upgrades completed in 1937, 1947, 1965 and 
1999, this facility is one of the largest of its kind in the State of North Carolina. The primary 
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intake at this facility includes a submerged channel and wetwell with four bar racks, traveling 
water screens and vertical suction pumps. There are multiple raw water mains associated with 
the facility including 54-inch, 60-inch, and 120-inch mains. This facility currently has a firm 
pumping capacity of 180 mgd with four 60 mgd pumps. The addition of two more 60 mgd pumps 
would increase the firm pumping capacity of this facility to 286 mgd. 

For purposes of Alternative 7, it is assumed that water supplied to Union County through 
finished water wholesales would be withdrawn at Mountain Island Lake through the Catawba 
River Pump Station. Infrastructure enhancements for Charlotte Water’s existing raw water 
intakes and pump stations may be necessary for finished water wholesale to Union County, but 
are not addressed in these evaluations or included in the cost analysis. 

3.2.7.3. FINISHED WATER TRANSMISSION MAIN 

Charlotte Water has several 16-inch finished water transmission mains which approach the 
Mecklenburg-Union County Line. Of these mains, the northernmost main is the most logical tie-
in point for Union County to supply water to their Rocky River IBT Basin service area. Charlotte 
Water’s main extends along NC 218 (Fairview Road). The proposed tie-in location for Union 
County would be just southeast of the intersection of Whitmore Lane with Fairview Road, near 
Mint Hill, on the east side of I-485. To meet the projected future water demands of the County’s 
customers in both the Rocky River IBT Basin, it is anticipated that Charlotte Water’s existing 16-
inch finished water main would need to be increased in size or paralleled to extend to Union 
County’s finished water distribution system. The proposed extension of this finished water main 
into Union County would extend through the Goose Creek Watershed and the Town of Fairview. 
It is anticipated that, under this alternative, the main would extend along NC 218 through the 
Rocky River IBT Basin service area, with additional mains branching off of this primary line at 
US 601 to extend north and south along this major roadway. 

The proposed finished water transmission route into Union County’s Yadkin River Basin Service 
Area is reflected as Alternative 7 on Figure 2-3. The detailed study corridor for this proposed 
route is also reflected in Figure 3-1d. 

3.2.7.4. WATER TREATMENT PLANT 

Charlotte Water has three existing water treatment plants to treat their sources of raw water. 
The Lee S. Dukes WTP (formerly called North Mecklenburg WTP) in Huntersville, NC treats raw 
water withdrawn from Lake Norman. This facility is located approximately 1 mile from the Lake 
Norman intake and is the newest Charlotte Water water treatment facility. Water from Lake 
Norman is gravity-fed to this treatment plant, which was opened in 1998. Growing water 
demand in this part of Mecklenburg County required the construction of this plant, which was 
built to allow for future expansion. The current capacity of this plant is 25 mgd. Eventually, this 
plant may be able to produce up to 108 mgd. 

Water from Mountain Island Lake is pumped from the Catawba River Pump Station to three 
reservoirs at Franklin Water Treatment Plant. The raw water is then gravity-fed to both the 
Franklin facility and to Vest Water Treatment Plant. The Franklin Water Treatment Plant was 
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built in 1959 and has since been upgraded five times due to population growth and 
technological advances that ensure continued delivery of the highest quality drinking water. Its 
current capacity is 181 mgd. 

A long-standing landmark in the Charlotte-Mecklenburg community, the Vest Water Treatment 
Plant was built as a result of a drought in the 1920's. The plant, which is also supplied by 
Mountain Island Lake, was the only treatment plant in the Charlotte-Mecklenburg area until 
1959 when the Franklin Water Treatment Plant opened. Since the 1920's, the Vest WTP has 
been upgraded twice. During 2009 and 2010, Charlotte Water worked on multiple projects at the 
Vest Water Treatment Plant, including building upgrades, water line enhancements and water 
storage tank reconditioning. The current capacity of this facility is 36 mgd. 

For purposes of Alternative 7, it is assumed that water supplied to Union County through 
finished water wholesales would be provided from the Franklin and/or Vest treatment facilities, 
using Mountain Island Lake as the source water. Infrastructure enhancements and finished 
water delivery issues within Charlotte Water’s existing system for finished water wholesale to 
Union County are not addressed in these evaluations or the cost analysis. It is possible that 
enhancements at these water treatment facilities may be required to meet the additional 
demand placed on Charlotte Water’s system through finished water transfers to Union County 
under this alternative. 

3.3. Interbasin Transfer Minimization Alternatives  
3.3.1. Alternative 8 – Groundwater supply 

3.3.1.1. GENERAL 

The premise of Alternative 8 is to evaluate the potential for development of a Union County 
municipal groundwater supply that could serve as an alternative or supplemental source of 
water for the Yadkin River Water Supply Project. The intent of the evaluation is to identify the 
considerations, challenges and infrastructure requirements needed to develop a groundwater 
well network to minimize the quantity of an interbasin transfer for surface water transfers from 
the Yadkin River IBT Basin to the Rocky River IBT Basin. 

Prolonged drought, allocation of surface water flow, and increased demands on groundwater 
supplies resulting from population growth have been and continue to be factors driving studies 
to evaluate groundwater resources in the Piedmont and Blue Ridge Provinces of North Carolina. 
Urbanization and certain aspects of agricultural production have also caused increased 
concerns about protecting the quality of groundwater in this region. Illustration 3-6 reflects the 
extent of these two provinces (Daniel III & Dahlen, 2002). 
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Illustration 3-6 Locations of the Blue Ridge and Piedmont Provinces of North Carolina (Daniel III & Dahlen, 
2002). 

Groundwater in the Blue Ridge and Piedmont has not traditionally been considered as a source 
for large supplies, primarily because of readily available surface water supplies, and the fact that 
groundwater in the Piedmont and Blue Ridge Provinces occurs in a complex, generally 
heterogeneous geologic environment. Reluctance to use groundwater for large supplies derives 
from the reputation of aquifers in these provinces for producing low yields to wells, and the few 
high-yield wells that are drilled seem to be scattered in areas distant from where they are 
needed. Because the aquifers in these provinces are shallow, they also are susceptible to 
contamination by activities on the land surface (Daniel III & Dahlen, 2002). 

Groundwater was used by about 34 percent of the population in the 65 counties of the Piedmont 
and Blue Ridge Provinces in 2005. The percentage of the total population in the Piedmont and 
Blue Ridge supplied by groundwater was about 47 percent between 1960 and 1980 and then 
decreased to about 32 percent in 1990 (Daniel III & Dahlen, 2002). The percentage of the 
population in the region served by groundwater was about 41 percent in 2000 and about 34 
percent in 2005. These decreases are attributed primarily to the high rates of population growth 
associated with the five metropolitan areas of Raleigh, Durham, Greensboro, Winston-Salem, 
and Charlotte, known collectively as the “Piedmont Crescent” that are served primarily by 
surface water based municipal supplies (Harden, Chapman, & Harned, 2009). 

Based on US Geological Survey’s October 2009 report on 2005 water use, groundwater (fresh, 
not saline) use in North Carolina was approximately 700 mgd, which was equivalent to 6% of 
the total water supply for the state. Approximately 156 mgd was used for public water supplies 
(non-individual household), equivalent to 22% of the total groundwater use in the state and only 
17% of the total municipal public water supply (National Groundwater Association, 2012). 
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3.3.1.2. HYDROGEOLOGY 

In North Carolina, groundwater does not typically occur in vast underground lakes, pools, or 
rivers. Groundwater actually occurs and flows through empty spaces between soil grains and 
rock fractures (NCDENR, 2012). Rock fractures, however, may not always convey or store large 
quantities of water. Because of the complex distribution of fractures in almost every type of rock, 
no single method can unambiguously map fractures and their capacity for fluid movement. The 
USGS, however, conducts research to develop field techniques and interpretive methods for 
characterizing fluid movement and chemical migration in fractured-rock aquifers (U.S. 
Geological Survey, 2002). 

Most of the Piedmont and Blue Ridge Provinces is underlain by a complex, two-part, regolith-
fractured crystalline rock aquifer system. Thickness of the regolith throughout the area is highly 
variable and ranges from 0 to more than 150 feet. The regolith consists of an unconsolidated or 
semiconsolidated mixture of clay and fragmental material ranging in grain size from silt to 
boulders. Because porosities range from 35 to 55 percent, the regolith provides the bulk of the 
water storage within the Blue Ridge and Piedmont ground-water system. At the base of the 
regolith is the transition zone where saprolite grades into unweathered bedrock. The transition 
zone has been identified as a potential conduit for rapid ground-water flow. If this is the case, 
the transition zone also may serve as a conduit for rapid movement of contaminants to nearby 
wells or to streams with channels that cut into or through the transition zone. How rapidly a 
contaminant moves through the system largely may be a function of the characteristics of the 
transition zone. The transition zone is one of several topics identified during the literature review 
and data synthesis, for which there is a deficiency in data and understanding of the processes 
involved in the movement of groundwater to surface water (Daniel III & Dahlen, 2002). 

Metamorphic and igneous crystalline rocks underlie most of the Blue Ridge and Piedmont. 
Union County is considered to be in the Carolina slate belt (CS). Boundaries for this region 
include the Gold Hill, Charlotte, Milton belts on the northwest and the Coastal Plain on the 
southeast. Dominant hydrogeologic units within the Carolina slate belt include argillite (ARG), 
metavolcanic-epiclastic (MVE), metavolcanic-undifferentiated (MVU) in southwestern half of belt 
and metavolcanic-felsic (MVF), ARG, MVU, metaigneous-felsic (MIF), and metaigneous-
intermediate (MII) in the northeastern half of belt (Daniel III & Dahlen, 2002). The Carolina slate 
belt has an areal extent of 5,012 square miles, representing 18.3 percent of the total regional 
geozone area in the Piedmont and Blue Ridge Provinces of North Carolina. This geozone 
includes magmatic-arc rocks east of the Central Piedmont suture of low metamorphic grade. 
The majority of Union County falls within this regional geozone as indicated in Illustration 3-7 
(Harden, Chapman, & Harned, 2009). 
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Illustration 3-7 Regional Geozones in the Piedmont and Blue Ridge Provinces of North Carolina (Harden, 
Chapman, & Harned, 2009). 

Primary rock formations in Union County include met sedimentary rocks, specifically argillite. 
Argillite is classified as fine-grained, thinly laminated rock having prominent bedding plane and 
axial plane cleavage and locally includes beds of mudstone, shale, thinly laminated silt-stone, 
conglomerate, and felsic volcanic rock. It is estimated that 6.4% of Blue Ridge and Piedmont 
Provinces of North Carolina are comprised of argillite (Daniel III & Dahlen, 2002). 

3.3.1.3. GROUNDWATER CYCLE 

Under natural conditions, groundwater in the bedrock fractures and intergranular pore spaces of 
the regolith is derived from infiltration of precipitation. Water enters the groundwater system in 
the recharge areas, which generally include the entire land surface above the lower parts of 
stream valleys. Following infiltration, water slowly moves downward through the unsaturated 
zone to the water table, which is the top of the saturated zone. Water then moves laterally 
through the saturated zone and discharges naturally as seepage springs on steep slopes and 
as bank and channel seepage into streams, lakes, or swamps. The depth of the water table 
varies from place to place and from time to time depending on the topography, climate, growing 
season, and properties of the water-bearing materials. Topography likely has the greatest 
influence on the depth of the water table in a specific area with the other effect superimposed to 
cause short-term fluctuations (Daniel III C. C., 1990). 

Contrary to popular belief, the water table is not a consistent, flat surface. Actually, the water 
table typically mimics the over lying land topography. The topography of the Piedmont Province 
consists of low, well-rounded hills and long, northeast-trending valleys and ridges. The surfaces 
of many ridge tops and inters ream divides are relatively flat and are thought to be remnants of 
an ancient erosional surface of low relief. Water moves more slowly through the denser clay and 
rock of the Piedmont and Blue Ridge regions, so well yields tend to be lower than areas such as 
the Coastal Plain (Huffman & Miner, 1996). 
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Seasonal changes in water levels can be related to seasonal changes in the use of water by 
vegetation and the rate of soil moisture evaporation. During the growing season, vegetation 
intercepts and consumes large amounts of water before it reaches the water table, especially 
from mid-April through October. During the same period, warmer temperatures contribute to 
higher rates of soil moisture losses through evaporation. As a result, the water table declines 
gradually throughout the summer and fall months and is usually lowest in the late fall. It is at this 
time of year that the groundwater system has the least amount of water in storage. The long 
steady rains, lower temperatures, and low transpiration losses during the winter and early spring 
months favor the recharge of groundwater. Barring unusual weather conditions (i.e. drought, 
tropical activity, etc.), the water table will rise and fall cyclically on an annual basis and at a 
given time each year will be approximately the same level (Daniel III C. C., 1990). 

While North Carolina generally has abundant water resources, groundwater characteristics in 
the regolith-bedrock aquifer system of the State are complex and poorly understood (Daniel III & 
Dahlen, 2002). The regolith is composed of fine-grained material and water moves through it 
slowly, but water in storage per unit volume will often exceed that contained in the bedrock 
fractures. Although the fractures in the bedrock contain little water in storage, they offer little 
restriction to the flow of water through them. In the Piedmont, two rather disparate aquifers 
(regolith and bedrock) are joined as a single hydraulic system, yet behave quite differently in 
reaction to pumping stresses. In the Piedmont, pumping of the bedrock wells sometimes results 
in dewatering the upper part of the bedrock aquifer in the vicinity of a well, thus causing the 
bedrock aquifer to be subject locally to unconfined conditions. Water that replenishes the 
bedrock fractures must be supplied from the regolith. Because of the low hydraulic conductivity 
of the regolith, it may not be able to deliver to the bedrock fractures the same volume of water 
that is being withdrawn by a well, particularly if pumping continues for a long period at a rate 
greater than recharge. Water levels in a well will then continue to decline until the fractures in 
the vicinity of the well are dewatered and well yield declines. Usually only at modest pumping 
rates or where there are extensive fracture systems in the bedrock will equilibrium in the 
movement of water from the regolith to the bedrock fractures be reached (Daniel III C. C., 
1990). Illustration 3-8 depicts the principle components of the groundwater system in the Blue 
Ridge and Piedmont Provinces of North Carolina). 

As a general rule, the abundance of fractures and size of fracture openings in the crystalline 
bedrock decreases with depth. At depths below 750 ft, the pressure of the overlying material 
holds fractures closed, and the porosity can be less than 1 percent. Because of its higher 
porosity, the regolith functions as a reservoir that slowly feeds water downward into fractures in 
the bedrock as indicated in Illustration 3-9. These fractures form an intricate interconnected 
network of pipelines that transmit water to springs, wetlands, streams, and wells (Daniel III & 
Dahlen, 2002). 
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Illustration 3-8 Principal components of the groundwater system in the Blue Ridge and Piedmont Provinces 
of North Carolina (Daniel III & Dahlen, 2002). 

 
Illustration 3-9 Reservoir-pipeline Conceptual Model of the Blue Ridge-Piedmont Groundwater System and 
the Relative Volume of Groundwater Storage Within the System (Daniel III & Dahlen, 2002). 
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3.3.1.4. GROUNDWATER YIELD AND RECHARGE 

Yield 

Small supplies of water that are adequate for domestic needs can be obtained from the regolith 
through large-diameter bored or dug wells. However, most wells, especially where moderate 
supplies of water are needed, are relatively small in diameter and are cased through the regolith 
and finished with open holes, often of substantial depth, drilled into the bedrock. Being deeper, 
bedrock wells generally have much higher yields than regolith wells because they have a much 
larger available drawdown (Daniel III & Dahlen, 2002). 

Nearly all ground-water storage in the Blue Ridge and Piedmont ground-water system is in the 
regolith. The quantity stored in the bedrock is small by comparison. Ground-water levels decline 
during the summer and early fall when atmospheric conditions enhance evaporation and plants 
transpire substantial quantities of water, and rise during the winter and early spring when plants 
are dormant (Daniel III & Dahlen, 2002). 

Based on average thicknesses of saturated regolith, the average quantity of available 
groundwater in storage in the Piedmont is calculated to be 0.55 million gallons per acre 
(Mgal/acre) beneath hills and ridges, 0.77 Mgal/acre beneath slopes, and 1.22 Mgal/acre 
beneath valleys and draws. Overall, the average quantity of groundwater available in the 
Piedmont is calculated to be 0.73 Mgal/acre. However, well yields in sedimentary basins 
(principally the Deep River Triassic basin, but also including the parts of the Carolina slate belt) 
in the Piedmont Province are among the lowest in the State (Daniel III & Dahlen, 2002). 

The sustainable yield of aquifers in the Blue Ridge and Piedmont Provinces can be difficult to 
determine. Although the porosity of the regolith can be sufficient to store large quantities of 
water, it is difficult to determine whether the water in storage is available to supply bedrock wells 
during periods of limited recharge such as droughts. Data are not readily available to estimate 
aquifer boundaries and storage coefficients; both types of information are needed to determine 
the volume of water in storage (Daniel III & Dahlen, 2002).  

In Union County, which consists primarily of argillite formations, well yields for wells of average 
construction are estimated to be approximately 15 gpm, as indicated in Illustration 3-10. Such 
yields are on the lower end of the spectrum from well yields in various hydrogeologic units within 
the Blue Ridge and Piedmont Provinces of North Carolina. 
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Illustration 3-10 Average yield of wells of average construction in the hydrogeologic units of the Blue Ridge 
and Piedmont Provinces of North Carolina (Daniel III & Dahlen, 2002) 

Recharge 

Precipitation recharges groundwater. Typical precipitation rates across North Carolina are 
heaviest in the mountains and along the coast. Illustration 3-11 indicates that in the Piedmont, 
annual precipitation ranges averages between 44 and 48 inches, which is the lowest of the 
regions within the state (U.S. Department of the Interior, 2001). Additionally, precipitation in the 
central Piedmont is typically the lowest in all of the Piedmont and Blue Ridge Provinces (Daniel 
III & Dahlen, 2002). Groundwater supplies can be depleted if more water is discharged than 
recharged. For example, during periods of dry weather, recharge to the aquifers decreases. If 
too much groundwater is pumped during these times, the water table can fall and wells may go 
dry (U.S. Department of the Interior, 2001). Assuming that ground-water discharge is equal to 
ground-water recharge, the average ground-water recharge in the 11 selected Blue Ridge-
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Piedmont drainage basins averages 3.3 in/yr (24 percent of average annual streamflow) in the 
Rocky River Basin (Daniel III & Dahlen, 2002). 

 
Illustration 3-11 Annual average precipitation in North Carolina (NCDENR, 2012) 

The highest ground-water recharge occurs in the cooler, non-growing season during the months 
of January through March, and the lowest ground-water recharge occurs at the height of the 
growing season during the months of June through September. Seasonality in ground-water 
recharge is caused primarily by seasonal variations in the rate of evapotranspiration. Seasonal 
patterns in precipitation have less effect on recharge. In fact, long-term records indicate that 
precipitation in North Carolina is rather evenly distributed during the year, and the wettest 
months are commonly June and July, near the low point of seasonal ground-water recharge 
(Daniel III & Dahlen, 2002). 

North Carolina Requirements 

North Carolina Administrative Code (NCAC) Title 15A Subchapter 18C defines rules related to 
the protection of public water supplies in North Carolina. Section 15A NCAC 18C .0402 defines 
well construction and protection requirements for water supply wells and yield determination. Of 
important note, wells must be located so that the drawdown of any well does not interfere with 
the required yield of another well. Additionally, the combined yield of all wells of a water system 
must provide in 12 hours pumping time the average daily demand for the system. 

While North Carolina regulations require a 24-hour production test be performed on public 
supply wells prior to acceptance, the Town of Cary’s study for a groundwater supply network 
proved that well yields from the short-term 24-hour tests were considerably greater than the 
actual long-term yields obtained during actual well production. In the Piedmont, yields during the 
short-term aquifer tests and yield tests are supported in large part by dewatering the rock 
fractures. These are apparent yields and are usually considerably higher than the long-term 
sustained yield. Sustained yield, the true test of the site selection factors, is best determined 
from long-term monitoring and can take years to establish (Daniel III C. C., 1990). 
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3.3.1.5. WATER QUALITY 

Background 

Management of ground-water supplies can be difficult because the most permeable parts of the 
regolith-bedrock aquifer system typically are shallow and unconfined and, therefore, vulnerable 
to contamination from numerous human activities at land surface. In addition, the aquifers 
commonly are hydraulically connected to streams and lakes, and contamination of the aquifers 
in the interstream areas may eventually lead to contamination of surface-water bodies (Daniel III 
& Dahlen, 2002). 

Because fractures in the bedrock decrease in size and abundance with depth, contamination of 
these aquifers is difficult to remediate, especially if the contaminant is heavier than water. The 
situation is even more acute if the contaminant has low solubility in water. Contaminants that 
settle or move into deeper parts of fractured-rock aquifers tend to become trapped as fracture 
widths become narrower and ground-water velocities diminish. The surface tension of dense, 
insoluble contaminants may be sufficient to hold the contaminants in place in narrow fractures 
(Daniel III & Dahlen, 2002). 

Water-quality problems result from natural geochemical processes as well as human activities. 
The mineral composition of rocks can be reflected in the chemical composition of groundwater 
as weathering and dissolution release soluble components. Objectionable concentrations of iron 
and manganese often occur in water from wells completed in mafic igneous and metaigneous 
rocks. Hydrogen sulfide often is present in water from slates, shales, and other rocks containing 
disseminated sulfide minerals. Hardness may reach objectionable levels in water from rocks 
containing carbonates or other calcium-magnesium-bearing minerals. Other water-quality 
problems related to natural geochemical processes result from the duration of water-rock 
contact, seasonal variations in recharge (and accompanying changes in the water table), and 
the presence of trace metals, radon, radium, and uranium in the rocks and soils (Daniel III & 
Dahlen, 2002). 

Radon 

The crystalline rocks of the Piedmont consist, in part, of granite, granitic gneiss, and other felsic 
rocks that contain small to moderate amounts of uranium, which, through the process of 
radioactive decay, is a source of radon gas. One of the pathways for radon gas migration into 
households is through groundwater and aeration of the water at faucets and showerheads. In 
addition to radon, high concentrations of dissolved radium and uranium nuclides have been 
detected in a few locations in ground-water supplies tapping crystalline and sedimentary rocks 
of the Piedmont (Daniel III & Dahlen, 2002). 

Arsenic 

Arsenic contamination of groundwater is a global problem affecting human health. In 2009, a 
study completed by researchers at Duke University’s Nicholas School of the Environment 
evaluated the extent and concentration of arsenic in well water specifically in Union County, 
North Carolina. The results of the evaluation show arsenic concentrations above the EPA’s 
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maximum contaminant level (MCL) of 10ppb in 22 out of 64 households tested (34%). Based on 
these results the study found it to be evident that arsenic contamination of drinking water in 
Union County is an issue of concern (Merola, 2009). This finding is further confirmed by 
numerous reports within the County of wells contaminated by arsenic and by the concerted 
effort on the part of Union County’s Public Works Department to provide public water service to 
households with contaminated groundwater wells. 

In modern times, the non-occupational arsenic exposure of primary concern is through the 
ingestion of contaminated drinking water. Public water sources are required to test not only for 
arsenic but for a host of other potential contaminants on a regular basis. Private drinking wells 
are also technically required to comply with these standards, although many existing individual 
households do not meet such criteria. North Carolina’s health recommendation for arsenic in 
drinking water is 0.02 ppb, while the MCL is 10 ppb. Union County is considered to fall within 
the high arsenic risk area for arsenic contamination in groundwater as identified by Illustration 
3-12 (Merola, 2009). 

 
Illustration 3-12 Elevated arsenic concentrations in groundwater across the United States by County, where 
concentration in at least 25% of samples exceed 1 ppb (1 µg/L) (Merola, 2009) 

The presence of arsenic in water and soil is directly related to the geology of the area. Arsenic is 
released to local aquifers from arsenic containing minerals in the underlying strata. The areas 
within the Piedmont region of North Carolina possess these minerals and there is a risk of 
human exposure from the consumption of contaminated well water (Merola, 2009). 
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Exposure to arsenic has serious consequences for health. Symptoms of acute arsenic exposure 
include: nausea, vomiting, bloody urine, abdominal pain, severe diarrhea, anuria, shock, 
convulsions, coma, and death. High concentrations of arsenic need to be present for these 
symptoms to manifest themselves. The levels that would potentially be present in North 
Carolina would likely not be high enough to cause these acute symptoms, however chronic 
effects of arsenic would be of concern. Chronic exposure can lead to skin lesions, peripheral 
vascular disease, hypertension, Blackfoot disease, and various forms of cancer, commonly 
including but not limited to: bladder, liver, lung, kidney and skin cancer (Merola, 2009). 

Based on the geology of the region, the Union County study indicated there was a probability of 
0.022 to 0.382 within the majority of the County that an individual household was likely to have 
arsenic levels above the EPA’s Minimum Criteria Level of 10 ppb (see Illustration 3-13) Of the 
64 households tested, 34% (22 out of 64) were above the EPA’s 10 ppb Minimum Criteria Level, 
although there was no observed spatial trend in arsenic concentration throughout the county 
(see Illustration 3-14) (Merola, 2009). 

 
Illustration 3-13 Proportion of Households With Arsenic Concentrations in Drinking Water ≥ EPA’s 10 ppb 
MCL and its Relation to Geology (Merola, 2009) 
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Illustration 3-14 Spatial Distribution of Arsenic Concentrations Found in Individual Wells Tested in Union 
County (Merola, 2009) 

This study demonstrated that there are elevated levels of arsenic in the drinking water of 
privately owned wells in Union County, North Carolina. Thirty-four percent of households 
randomly tested are above the EPA’s Minimum Criteria Level. The spatial distribution of arsenic 
found in these households shows no trends. This is to be expected with the fractured nature of 
the region, and further supports the evidence that the arsenic present is directly related to the 
geology of the region and not from anthropogenic sources (Merola, 2009). 

Previous studies performing a spatial analysis of total arsenic in groundwater from wells located 
throughout the North Carolina Piedmont also found that wells in rock bodies of the Carolina 
Slate Belt in the area around Stanly and Union Counties had the greatest probability of 
containing elevated levels of arsenic above a concentration of 0.001 mg/L. Rocks of volcanic or 
volcaniclastic origin associated with the high probability areas have the greatest potential for 
hosting wells with elevated arsenic concentrations (Harden, Chapman, & Harned, 2009). 

Other Groundwater Pollutants 

Groundwater can become unusable if it becomes polluted and is no longer safe to drink. In 
areas where the material above the aquifer is permeable, pollutants can seep into groundwater. 
Groundwater can be polluted by many sources, including seepage through landfills, from septic 
tanks, from leaky underground fuel tanks, and sometimes from fertilizers or pesticides used on 
farms (U.S. Department of the Interior, 2001). Public concern about groundwater degradation 

93 



Union County Public Works | Environmental Impact Statement 
ALTERNATIVES ANALYSIS  

 

from point-and nonpoint-source contaminants continues to increase. Groundwater pollutants 
can be either organic or inorganic. Organic materials are composed primarily of carbon and 
hydrogen; they may also contain smaller amounts of chlorine, nitrogen, sulfur, and phosphorus. 
Organic chemicals currently detected in the groundwater include solvents, degreasers, 
petroleum components, pesticides, certain industrial by-products, and viral and bacterial 
pathogens. Inorganic pollutants include materials such as nitrate, which can come from 
fertilizers or decayed organic materials; chlorides; and heavy metals, such as copper and lead 
(Zublena, 1993). 

Other groundwater pollutants of important consideration in Union County are total dissolved 
solids and nitrate. While water contaminated with nitrate can be treated so that it meets drinking 
standards, treatments are expensive and include processes such as reverse osmosis, 
deionization, and distillation. Common sources of nitrate include septic systems, animal manure, 
decaying organic matter, and commercial nitrogen fertilizers, many of which are related to 
agricultural land uses, consistent with the eastern portions of Union County (Zublena, 1993). 
Total dissolved solids (TDS) within groundwater are also an important groundwater quality to 
consider when evaluating groundwater as a potential public water supply source. Although TDS 
is not generally considered a primary pollutant (e.g. it is not deemed to be associated with 
health effects) it is used as an indication of aesthetic characteristics of drinking water and as an 
aggregate indicator of the presence of a broad array of chemical contaminants. Primary sources 
for TDS in receiving waters are agricultural and residential runoff, leaching of soil contamination 
and point source water pollution discharge from industrial or sewage treatment plants. 

Illustration 3-15 reflects the distribution of total dissolved solids and nitrite plus nitrate in 
groundwater throughout the Blue Ridge and Piedmont Provinces of North Carolina. This figure 
indicates the elevated levels of total dissolved solids in Union County groundwater as well a 
slightly elevated level of nitrite plus nitrate. Levels of nitrite plus nitrate are indicated by the 
figure to be very high in neighboring Anson County. 
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Illustration 3-15 Geographic Variation of Median Concentrations of Total Dissolved Solids and Nitrite Plus 
Nitrate in Groundwater, by County, in North Carolina (Zublena, 1993) 

USGS Groundwater Quality Testing 

A 2009 characterization of groundwater quality in the Piedmont and Blue Ridge Provinces of 
North Carolina found the most common exceedances of the drinking-water criteria (in 
accordance with Federal and State water-quality standards) occurred for radon, pH, 
manganese, iron, and zinc. Radon had the most exceedances, with groundwater from 61 of the 
69 sampled wells having activities higher than the U.S. Environmental Protection Agency’s 
proposed maximum contaminant level of 300 picocuries per liter. Overall, the Carolina slate 
geozone had six water-quality properties or constituents that exceeded applicable drinking-
water criteria in at least one well. A limited number of geozone wells had exceedances of 
arsenic, lead, nitrate, and uranium. The USEPA Minimum Criteria Level of 0.010 mg/L (10ppb) 
for arsenic was exceeded in 4 of 17 wells (24%) sampled in the Carolina slate belt geozone 
(Harden, Chapman, & Harned, 2009). 

Exceedances of dissolved arsenic for the Carolina slate geozone occurred in four wells, with 
concentrations ranging from 0.0106 to 0.0383 mg/L for wells located in the central and southern 
parts of the geozone, including two of three wells evaluated within Union County. This observed 
distribution of arsenic exceedances is in agreement with other studies that identified a zone 
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trending northeast from Union to Person Counties where groundwater has a high probability of 
containing ambient concentrations of arsenic above the USEPA Minimum Criteria Level of 0.010 
mg/L, especially in association with rocks of the Carolina Slate Belt (Harden, Chapman, & 
Harned, 2009). 

The most common exceedances of the drinking-water criteria occurred for radon, pH, 
manganese, iron, and zinc. Radon activity levels exceeding the proposed Minimum Criteria 
Level of 300 pCi/L occurred in all geozones. Radon occurs naturally in groundwater of the 
Piedmont and Mountains Provinces with the highest levels often associated with metaigneous 
rocks of felsic composition. Manganese exceeded the Minimum Criteria Level of 0.05 mg/L for 
wells in six geozones, with the highest proportion of exceedances occurring in the Milton and 
Carolina slate geozones. Exceedances of iron and zinc occurred in over half the geozones, and 
most commonly for the Milton or Carolina slate geozones (Harden, Chapman, & Harned, 2009). 

With the exception of nitrate and zinc, constituents with concentrations exceeding drinking-water 
criteria appeared to reflect ambient groundwater conditions in the geozones. Exceedances of 
nitrate and zinc are considered to reflect contamination from local land use and well-casing 
materials, respectively. Radon was the most commonly exceeded constituent, with 61 of the 69 
sampled wells having activities higher than the proposed Minimum Criteria Level of 300 pCi/L. 
The presence of radon in groundwater used for public supply is of particular environmental 
concern because of the potential human exposure to radon in groundwater through ingestion 
(drinking) or inhalation (showering), which increases the risk of developing cancer. The trace 
elements iron, manganese, and zinc were the other most common constituents that exceeded 
drinking-water criteria, but the concern with these analyses in drinking water generally is 
associated with aesthetic effects (Harden, Chapman, & Harned, 2009). 

3.3.1.6. REGULATION OF GROUNDWATER IN NORTH CAROLINA 

Groundwater Classification 

North Carolina Administrative Code Title 15A Subchapter 2L Section .0100, .0200, .0300 
Classifications and Water Quality Standards Applicable to the Groundwaters of North Carolina 
(April 1, 2013) identifies the classifications and water quality for groundwater resources within 
the State. 

The classifications which may be assigned to the groundwaters in North Carolina are as follows: 

1) Class GA groundwaters; usage and occurrence: 
a. Best Usage. Existing or potential source of drinking water supply for humans. 
b. Conditions Related to Best Usage. This class is intended for those groundwaters 

in which chloride concentrations are equal to or less than 250 mg/L, and which 
are considered suitable for drinking in their natural state, but which may require 
treatment to improve quality related to natural conditions. 

c. Occurrence. In the saturated zone. 
2) Class GSA groundwaters; usage and occurrence: 
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a. Best Usage. Existing or potential source of water supply for potable mineral 
water and conversion to fresh waters. 

b. Conditions Related to Best Usage. This class is intended for those groundwaters 
in which the chloride concentrations due to natural conditions is in excess of 250 
mg/l, but which otherwise may be considered suitable for use as potable water 
after treatment to reduce concentrations of naturally occurring substances. 

c. Occurrence. In the saturated zone. 
3) Class GC groundwaters: usage and occurrence: 

a. Best Usage. The best usage of GC groundwaters is as a source of water supply 
for purposes other than drinking, including other domestic uses by humans. 

b. Conditions Related to Best Usage. This class includes those groundwaters that 
do not meet the quality criteria for GA or GSA groundwaters and for which efforts 
to improve groundwater quality would not be technologically feasible, or not in 
the best interest of the public. Continued consumption of waters of this class by 
humans could result in adverse health affects. 

c. Occurrence. Groundwaters of this class may be defined by the EMC on a case 
by case basis. 

The NCAC also specifies the required water quality standards for groundwaters in the State. 
Groundwater standards of important note for consideration in Union County are as follows: 

• Groundwater standard for arsenic is 10 ppb 
• Groundwater standard for nitrate is 10 mg/L 
• Groundwater standard for nitrite is 1 mg/L 

Well Construction and Protection 

North Carolina Administrative Code Title 15A Subchapter 18C defines rules related to the 
protection of public water supplies in North Carolina. Section 15A NCAC 18C .0203 defines 
requirements for public well water supplies. Any site or sites for any water supply well to be 
used as a community or non-transient, non-community water system must be investigated by an 
authorized representative of the Division of Environmental Health. Approval by the Division is 
required in addition to any approval or permit issued by any other state agency. This section 
also defines a series of site requirements and limitations for public well water supplies. 

Of important note related to the construction of wells within Union County, the state’s 
construction requirements note that wells drilled in areas underlain by metavolcanic rocks 
identified on the 1958 State Geologic Map as bedded argillites of the Carolina Slate Belt shall 
be cased to a minimum depth of 35 feet (10 feet deeper than all other areas). Areas within 
Union County subject to this requirement include all but the very western point of Union County 
near Mecklenburg County and the South Carolina line (Huffman & Miner, 1996). 
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3.3.1.7. MUNICIPAL GROUNDWATER SYSTEM DEVELOPMENT AND SITING 

Background 

Little research exists to effectively quantify the productivity and success of municipal 
groundwater supply systems in the Piedmont of North Carolina, primarily due to the 
hydrogeology of the region, its low groundwater yields and subsequent infrequency of large-
scale municipal groundwater supply systems. However, a study of the Town of Cary’s municipal 
groundwater system during the 1980’s was completed by the USGS to evaluate system siting 
considerations, productivity and cost effectiveness (Daniel III C. C., 1990). 

The Cary ground-water development program began in early 1981. For the evaluation 
conducted by the USGS, between November 1981 and October 1982, 13 wells were drilled. 
Eleven of these had sufficient yield to warrant construction of treatment distribution facilities so 
the wells could be put into production as part of the town supply. In addition, two preexisting 
wells were scheduled for reactivation after extensive testing. When the combined estimate yield 
of all usable wells approached the town goal of 1 mgd, drilling was discontinued and further 
activity was directed toward bringing the wells into productions. By May 1983, the first of the 13 
wells was in routine operation (Daniel III C. C., 1990). 

Although the data analyses and related interpretations described in the study report focused on 
a small area of the eastern Piedmont of North Carolina, it was indicated the methods of well-site 
selection, well construction, and water-supply management could likely be applied to the 
evaluation of groundwater supply systems through the Piedmont and southeastern United 
States (Daniel III C. C., 1990). 

Siting Considerations 

Non-hydrologic restraints, nearly all manmade, often make the best well sites unacceptable for 
public supply wells. Manmade restraints have considerable impact on the selection of well sites. 
Most of these, such as the proximity to landfills, urban and industrial developments, highways, 
railroads, airports, reservoirs, water lines, and sewer lines, can be readily identified. These 
restraints, whether existing or planned in the future, need to be taken into consideration during 
well site selection. Conversely, once wells are established, the watershed around the wells need 
to be protected from loss of recharge area and pollution by these same manmade features 
(Daniel III C. C., 1990). 

Public health agency regulations that address the siting and construction of wells in the 
Piedmont and Blue Ridge regions of North Carolina can also have considerable impact on the 
site selection process. Generally, the health regulations deal with the immediate site of the well. 
Although all the health regulations have some effect on site selections, those with the greatest 
impact on well yield control the siting of a well in a valley or draw. Well sites in draws or valleys 
are generally not approved because of a potential danger from contamination from both 
groundwater and overland flow toward a well site. As such, well sites are typically relegated to 
hilltops and interstream divides, where water yield is typically lower because of fewer fractures 
beneath hilltops and less available recharge (Daniel III C. C., 1990). 
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The Town of Cary groundwater supply was comprised of a multiwall system, where wells were 
manifolded together so that water treatment equipment was needed only at one site on the 
manifold system (as opposed to each well). While reducing treatment and equipment costs, in 
order to manifold wells in an effective manner, the wells cannot be spaced too far apart. 
Additionally, the wells cannot be so close together that there is excessive drawdown 
interference. The Town of Cary study indicated that a spacing of 800 to 1,000 feet was 
reasonable between high-yield wells throughout the Piedmont and Blue Ridge (Daniel III C. C., 
1990).  

System Yield 

In an operating system supplied only by groundwater, wells can be pumped at a constant rate 
that is less than or equal to the average summer recharge rate, provided that there is a 
sufficient number of wells to meet summer demand. If the pumping rate is set too high during 
the winter or if the winter recharge is below normal, the drawdown trend established will 
continue through the summer months, indicating over-pumping of the system. A downward 
trend will also occur if summer recharge is well below average, as would occur during a drought. 
In groundwater supply systems, where the goal is to produce the maximum amount of water, 
the groundwater level trends should be relatively flat, and, rather than having a constant 
pumping rate, the system operator must adjust pumping rates seasonally to match the recharge 
rates (Daniel III C. C., 1990). This can become a significant logistical challenge from an 
operational standpoint and can be very difficult to effectively regulate for the very large well 
network that would be required to meet Union County’s demands. 

In the Cary study, long-term testing and monitoring after the wells were put into production 
showed an 18-hour-on, 6-hour-off pumping cycle was much more effective than a 5-day-on and 
2-day-off cycle due to increased total production, reduced head loss and less drawdown. It was 
also observed that long-term yields by the production of the wells were about 75 percent of 
those predicted on the basis of the 24-hour pumping tests required by North Carolina and only 
about 60 percent of the well driller’s reported yields (Daniel III C. C., 1990). 

The Town of Cary study reflected a system average pumping rate of 47.7 gallons per minute per 
well at an average pumping period of 17.45 hours per day. This equates to a daily average well 
production of 49,640 gallons per day (approximately. 0.05 mgd) per well or 34.5 gallons per 
minute per day per well (Daniel III C. C., 1990).  

Cost Analysis 

Cost analysis showed that, by using criteria-selected well sites, a cost-effective well system can 
be developed that will provide water at an equivalent or lower cost than a surface-water supply. 
The analysis showed that the system would be cost effective if only one high-yield well were 
obtained out of every four drilled (Daniel III C. C., 1990). However, the Town of Cary’s 
groundwater system was developed with a water supply demand of only 1 mgd. For smaller 
municipal systems, groundwater supply networks can be cost-effective solutions. However, for 
large systems with large water demands, the costs and land requirements for a vast network of 
wells to meet such demands becomes prohibitive in comparison to readily available surface 
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water supplies. Even the use of a groundwater supply to supplement surface water supplies is 
often impractical for larger utilities. Of additional note, as the Town of Cary has grown over the 
last 30 years as a suburb of the City of Raleigh, Cary relies solely on surface water sources to 
meet its water demand, withdrawing an average of 15.3 mgd from B. Everett Jordan Lake in 
2013. 

The Cary study determined that in order to be cost-effective (i.e. comparable costs to surface 
water supply), a new well had to produce at least 44 gallons per minute individually and at least 
33 gallons per minute on a manifolded system (Daniel III C. C., 1990). Based on the 
hydrogeological composition of the Carolina slate belt in which Union County is located and the 
estimated average well yield of 15 gallons per minute, as previously discussed, it is highly 
unlikely that a Union County groundwater supply system could achieve the system yields 
needed to make groundwater a cost effective alternative to surface water supply. 

Based on the results of the Town of Cary evaluation, to develop a public groundwater supply 
system to meet Union County’s projected demands in the Rocky River IBT Basin, an extensive 
land area would be needed to develop the number of wells needed for the system. Additionally, 
estimated costs would likely be significant. Average well yields for the Town of Cary were 
estimated at 34.5 gallons per minute. However, average well yields within the argillite formations 
of Union County have been estimated by the USGS to be 15 gallons per minute. Based on the 
Town of Cary study, well spacings for a manifolded system were suggested to be 1,000 feet 
apart, meaning each well in the system has a footprint of 1,000,000 square feet (approximately 
23 acres). Table 3-6 summarizes the requirements for a groundwater supply system that would 
be needed for Union County based on a 15 gpm well production (average for Union County) 
and a 34.5 gpm production (average determined in Town of Cary study) per day. The results are 
presented for maximum month daily water demand at 5, 10, 15, 20 and 23 mgd. 23 mgd is the 
maximum month daily water demand proposed for the Yadkin River Water Supply Project. 
Estimated costs are prorated from the Town of Cary study cost estimates for capital and sunk 
costs per well for a manifolded well system (at ∼$50,000 per well in 1982 dollars) and based on 
2014 US dollars (now equal to ∼$120,000 per well due to the 1983 to 2014 cumulative inflation 
rate of ∼140%, as published in the US Bureau of Labor Statistics Consumer Price Index (CPI)). 

Table 3-6 Requirements for Development of a Union County Groundwater Supply System for the Rocky River 
IBT Basin Service Area. 

Water Demand 
15 gpm/day well productivity1 

# Wells Req’d Area Required3 

(acres) 
% Union County 

Land Area Estimated Cost4 

5 mgd 230 5,290 1.3% $27.6 M 
10 mgd 460 10,580 2.6% $55.2 M 
15 mgd 685 15,755 3.8% $82.2 M 
20 mgd 925 21,275 5.2% $111.0 M 
23 mgd5 1,065 24,495 6.0% $127.8 M 
28 mgd6 1,295 29,785 7.2% $155.4 M 

 
  

100 



Union County Public Works | Environmental Impact Statement 
ALTERNATIVES ANALYSIS  

 

Water Demand 
34.5 gpm/day well productivity2 

# Wells Req’d Area Required3 
(acres) 

% Union County 
Land Area Estimated Cost4 

5 mgd 100 2,300 0.6% $12.0 M 
10 mgd 200 4,600 1.1% $24.0 M 
15 mgd 300 6,900 1.7% $36.0 M 
20 mgd 400 9,200 2.2% $48.0 M 
23 mgd5 460 10,580 2.6% $55.2 M 
28 mgd6 560 12,880 3.1% $67.2 M 

Notes: 
1. 15 gpm/day well productivity based on average well productivity in Carolina Slate Belt argillite formations 

(Union County) (Daniel III & Dahlen, 2002). 
2. 34.5gpm/day well productivity based on Town of Cary average day productivity from 1980s evaluation (Daniel 

III C. C., 1990). 
3. Estimated land area required for Union County groundwater supply system as determined from assumed 

1,000 foot well spacing as recommended by Town of Cary study (Daniel III C. C., 1990). 
4. Estimated groundwater supply system development costs based on 2014 dollars, using cost estimates for 

manifolded systems presented in the Town of Cary study (Daniel III C. C., 1990). Does not include additional 
costs for necessary water treatment plant and groundwater transmission main infrastructure. 

5. 23 mgd is the maximum month daily demand projected for Union County’s Rocky River IBT Basin by year 
2050 that would be needed from the Yadkin River Water Supply Project or alternatively from a public 
groundwater supply system. 

6. 28 mgd is the maximum day demand projected for Union County’s Rocky River IBT Basin by year 2050 that 
would be needed from the Yadkin River Water Supply Project or alternatively from a public groundwater 
supply system. 

3.3.1.8. CONCLUSIONS 

Problems related to ground-water development and protection within the Blue Ridge and 
Piedmont fall into two general categories: (1) groundwater availability; and (2) groundwater 
quality. Well yields are highly variable, even from wells tapping the same hydrogeologic units. 
Increasing population growth, industrial development, and recent droughts have increased the 
demand for additional water supplies in the study area. Increased groundwater withdrawal has 
caused declines in water levels in places, decreases in well yields, and interference between 
cones of depression associated with closely spaced pumping wells. Pumping of wells can 
induce infiltration from streams or reduce groundwater discharge to streams, thus reducing 
streamflow by an unacceptable amount (Daniel III & Dahlen, 2002). 

The use of groundwater as a reliable water supply source for Union County to serve its existing 
and future customers in the Rocky River IBT Basin is not a viable alternative for a number of 
reasons. Concerns with groundwater yield, groundwater quality and development costs and 
logistics for a large scale well network within the County severely limit the potential 
effectiveness of this water supply alternative. The use of groundwater to meet Union County’s 
water supply demands is not preferred to other alternatives for the following reasons: 

• Groundwater Availability – Based on the hydrogeologic composition of the majority of the 
County, which consists primarily of argillite, due to its position within the Carolina Slate 
Belt, average well yields have been determined in previous USGS studies to be 15 
gallons per minute. Limited numbers of high productivity wells within these formations 
mean that the County would require an extensive network of groundwater wells of 
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average production. Due to the required spacing of individual wells, the amount of land 
(presumably existing agricultural land) and cost required to develop such an extensive 
network of wells is not preferred to other surface water alternatives as a result of the 
potential site development impacts of this alternative. Even the use of groundwater to 
supplement surface water supplies does not justify the cost and land impacts that would 
be necessary to develop groundwater as a reliable source of water supply for Union 
County.   

• Land Impacts – Figures 3-1e and 3-2 depicts a generalized footprint for the required well 
field and pipe corridor needed for Alternative 8. To determine a potential well field 
development area for this alternative, a grouping of parcels providing 15-20% more 
undeveloped land than what is needed for the well field was identified as a circular area. As 
shown in Figure 3-2 this area represents approximately 28,300 acres, as compared to the 
24,500-acre maximum month daily average demand requirement. In order to maintain an 
appropriate distance from streams, all land within 500 feet of a DWR-classified stream was 
eliminated from the required area calculation. From this potential 28,300 acre well field 
development area, a transmission corridor of approximately 7 miles, following the shortest 
distance along existing roads, to the proposed water treatment plant Site Area D is also 
identified in Figures 3-1e and 3-2. This figure highlights the magnitude of the required well 
field development area within Union County and inherent impracticality of this alternative. 

• Groundwater Quality – Groundwater in various areas of Union County, particularly in the 
northern portions of the Rocky River IBT Basin has been determined to contain 
concentrations of arsenic, radon and nitrate above the US EPA and State of North Carolina 
limitations. Groundwater used for large scale public supply purposes in the County would 
likely require water treatment to a similar level as surface water sources to remove potential 
contaminants. Therefore, it is estimated that water treatment for groundwater would require 
similar facilities and costs as those proposed for surface water alternatives. Furthermore, it 
is a goal of Union County’s Public Works Department to replace groundwater wells with 
known arsenic contamination by providing these residents with public water service. 

3.3.2. Alternative 9 – Water Conservation and Demand Management 

3.3.2.1. UNION COUNTY WATER USE ORDINANCE 

As previously discussed in Section 2.5, on May 4, 2015 Union County officially adopted a new 
Water Use Ordinance (Ordinance) which outlines conservation measures required when water 
demand by customers connected to the Union County water system reaches a point where 
continued or increased demand will equal or exceed the treatment and/or transmission capacity 
of the system or portions thereof. The Ordinance serves as an update to the County’s Water 
Conservation Ordinance, which was originally adopted in 1992 and subsequently amended 
several times. 

The County’s Ordinance is applicable during times of drought, where raw water supply is at risk, 
and when there are other capacity limitations within the County’s water treatment and 
distribution system due to high demands or system emergencies. The Ordinance has five levels 
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of water shortage conditions, including Stage 0, 1, 2, 3, and 4 Water Shortage Conditions, which 
are issued with increasing severity according to the applicable water shortage.   

A complete copy of the County’s previous Water Conservation Ordinance, new Water Use 
Ordinance and Water Shortage Response Plan are provided in Appendix E, CD-1.  

Since 2009, Union County has remained in a Stage 2 Water Shortage Condition, as defined by 
the Water Conservation Ordinance. During such time, Union County has imposed mandatory 
water use restrictions limiting lawn irrigation to no more than two days per week per customer. 
Such restrictions have been voluntarily imposed by Union County, while not in a drought, 
primarily due to capacity concerns to meet the system’s water demand on peak days. Such 
restrictions are considered to be stringent during non-drought periods and have proven 
successful over the last five years in reducing the County’s peak day water demands. 

3.3.2.2. LOW INFLOW PROTOCOL FOR THE CATAWBA-WATEREE HYDROELECTRIC 
PROJECT 

In addition to the Water Use Ordinance, as joint owner of the Catawba River Water Treatment 
Plant in Lancaster County, South Carolina, Union County must abide by the restrictions set forth 
in the Low Inflow Protocol (LIP) for the Catawba-Wateree Hydroelectric Project during drought 
conditions. The purpose of this LIP is to establish procedures for reductions in water use during 
periods of low inflow to the Catawba-Wateree Hydroelectric Project. The LIP was developed on 
the basis that all parties with interests in water quantity will share the responsibility to establish 
priorities and to conserve the limited water supply. A copy of the LIP may be found in Appendix 
E, CD-1. 

Table 3-7 summarizes the required water use reduction goals applicable to Union County, 
based on water use restrictions for customers, as defined by the LIP for the Catawba-Wateree 
Hydroelectric Project. 

Table 3-7 Catawba-Wateree Low Inflow Protocol Water Use Reduction Goal by LIP Stage 
LIP 

Stage 
Water Use Reduction 

Type 
Water Use Reduction 

Goal 
Normal None N/A 
Stage 0 None N/A 
Stage 1 Voluntary 3-5% 
Stage 2 Mandatory 5-10% 
Stage 3 Increased Mandatory 10-20% 
Stage 4 Emergency Mandatory 20-30% 

3.3.2.3. LOW INFLOW PROTOCOL FOR THE YADKIN & YADKIN-PEE DEE RIVER 
HYDROELECTRIC PROJECTS 

Similar to the LIP for the Catawba-Wateree Hydroelectric Project, an LIP for the Yadkin and 
Yadkin-Pee Dee River Hydroelectric Projects, operated by APGI and Duke Energy Progress, 
respectively, exists for the Yadkin River Basin. This LIP is implemented during periods when 
there is not enough water flowing into the projects’ reservoirs to meet the projects’ required 
minimum instream flows while maintaining reservoir water elevations within normal operating 
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ranges. This LIP also specifies water withdrawal reduction measures for other water users in 
portions of the Yadkin River Basin during times that inflow is not adequate to meet all of the 
normal water demands for water and maintain reservoir levels as normally targeted. A copy of 
the LIP may be found in Appendix E, CD-1. 

If granted an IBT certificate to transfer water from one of the reservoirs of the Yadkin River 
Basin governed by the LIP, Union County would also be required to abide by such LIP 
requirements. Table 3-8 summarizes the required water use reduction goals which would be 
applicable to Union County, based on water use restrictions for customers, as defined by the 
LIP for the Yadkin and Yadkin-Pee Dee Hydroelectric Projects. 

Table 3-8 Yadkin-Pee Dee Low Inflow Protocol Water Use Reduction Goals by LIP Stage 
LIP 

Stage 
Water Use Reduction 

Type Water Use Reduction Goal 

Normal None N/A 
Stage 0 None N/A 
Stage 1 Voluntary 5% 
Stage 2 Mandatory 10% 
Stage 3 Emergency Mandatory 20% 
Stage 4 Emergency Mandatory >20% (as determined by Yadkin Drought 

Management Advisory Group) 

3.3.2.4. DETAILS FOR ALTERNATIVE 9 

Based on the three existing water conservation and demand management ordinances and 
protocols that are applicable to Union County, additional measures of such conservation and 
demand management are not warranted. The County has recently revised their Water 
Conservation Ordinance to a new Water Use Ordinance that permanently limits outdoor 
landscape watering and lawn irrigation to three (3) days per week during normal water 
conditions in an effort to maintain the lower peak day demands that the County has experienced 
following the 2006-2008 drought while remaining in a Stage 2 Water Shortage Condition since 
that time. Upon its adoption by the County Board of Commissioners, such baseline water use 
restrictions are now some of the most stringent in North Carolina. Based on an analysis of 
historical water usage, the Water Use Ordinance exceeds the reduction goals included in the 
Catawba-Wateree LIP. 

The Union County water demand projections previously discussed in Section 2.3 have been 
based upon historical water use data and peaking factors since the 2006-2008 drought. As 
such, they are developed upon data generated while the County has maintained mandatory 
water use restrictions under the Stage 2 Water Shortage Condition. Inherently, the effect of 
water conservation and demand management is already built into the water demand projections 
established as part of this EIS. Further options for reducing water demand through conservation 
and demand management would be difficult to identify, quantify and ultimately implement as 
part of this Alternative. 

If granted an IBT certificate for water transfers from the Yadkin River IBT Basin to the Rocky 
River IBT Basin of the Yadkin River Basin, Union County would be subject to two LIPs: the 
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Catawba-Wateree LIP and the Yadkin-Pee Dee LIP. While very similar in their water use 
reduction goals for corresponding stages of drought, there are several slight differences. 
Whereas the Catawba-Wateree LIP provides a target range for water use reductions from 
Stages 1 through 4, the Yadkin-Pee Dee LIP provides a set reduction goal for each Stage, 
which is generally the upper bound of the reduction goal ranges outlined in the Catawba-
Wateree LIP.  

Since the Union County water system serves customers within both the Catawba and Yadkin 
River Basins, it is committed to promoting a consistent message related to water use reduction 
measures during times of drought in order to comply with both the Catawba-Wateree and 
Yadkin-Pee Dee LIPs. Such coordination of messages throughout the water system will also be 
important to effectively link both LIPs with the County’s Water Use Ordinance. As such, the 
water use reduction goals outlined in 3-9 are recommended for the entirety of the Union County 
water system, and represent the upper threshold of both LIPs by stage. 

Table 3-9 Proposed Union County Low Inflow Protocol Water Use Reduction Goals by LIP Stage 
LIP 

Stage 
Union County Water 
Shortage Condition 

Water Use Reduction 
Type 

Water Use 
Reduction Goal 

Normal - None N/A 
Stage 0 - None N/A 
Stage 1 Stage 1 Voluntary 5% 
Stage 2 Stage 2 Mandatory 10% 
Stage 3 Stage 3 Emergency Mandatory 20% 
Stage 4 Stage 4 Emergency Mandatory >20% 

 
While such reduction goals are not expected to reduce the overall projected water demand for 
Union County’s Yadkin River Water Supply Project and subsequent IBT, these conservation 
measures are intended to help reduce maximum day and maximum month peaking factors that 
may be experienced during future droughts, and avoid the high peaking factors that were 
previously experienced by the County during the 2006-2008 drought. Adherence to the LIPs and 
County Ordinance will help ensure the average annual day to max day peaking factor used as 
the basis of projections for the Yadkin River Water Supply Project remain at or below 1.7. 
Additionally, these goals seek to promote a collaborative environment between Union County 
and other water users within both the Catawba and Yadkin River Basins during periods of low 
inflow to both basins. 

In addition to the County’s Water Use Ordinance and use of the LIP for water conservation and 
demand management during water shortage conditions, Union County is also in the process of 
implementing a schedule to conduct annual water system audits according to the AWWA M36 
Water Audit Method as a means to identify and potentially reduce “Non-revenue” Water 
volumes, particularly water losses. Additional discussion on this audit procedure was previously 
discussed in section 2.3.4 of this document. The intent of these routine water audits will be to 
quantify the components of “Revenue Water” and “Non-Revenue Water” and identify ways to 
reduce apparent and real losses. 

According to AWWA, “Non-Revenue Water” reflects the distributed volume of water that is not 
reflected in customer billings. Non-revenue Water however, is specifically defined as the sum of 
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Unbilled Authorized Consumption (water for firefighting, flushing, etc.) plus Apparent Losses 
(customer meter inaccuracies, unauthorized consumption and systematic data handling errors) 
plus Real Losses (system leakage and storage tank overflows). In this way, the term "Non-
revenue Water” includes the sum of the varied and disparate types of losses and authorized 
unbilled consumption typically occurring in water utilities (AWWA, 2012). The goal of Union 
County’s water audit program is to identify the most effective and economical water loss 
management practices, from “low-hanging fruit” options such as resolving potential customer 
billing and metering errors and reducing unauthorized water use, to potentially more complex 
and costly measures such as system leak identification and repair, where the audit indicates this 
to be a beneficial water loss management solution. 

3.3.3. Alternative 10 – Direct Potable Water Reuse 

3.3.3.1. GENERAL 

Scarcity of freshwater resources for drinking water use in many areas of the world creates a 
need for creative alternative water sources. Establishing a method of supplying stable, 
sufficient, and safe drinking water to communities is essential. In areas of the world where water 
resources have become scare, a novel solution is direct potable reuse (DPR). This introduction 
of highly-treated wastewater into the drinking water treatment process solves the problem of 
unreliable raw water resource availability due to water scarcity/water stress, population and 
demographic pressures, polluted freshwater sources, and costly deliverance of water from 
distant locations. At one point in the not too distant past, DPR was not considered a practical 
option by many water resources and health organizations. However, advances in water 
treatment technology, water quality monitoring, constituent detection and health risk analysis 
systems have occurred. As a result, scientific and public health researchers, water industry 
specialists, policy makers and community stakeholders are looking to DPR’s as a potential 
alternative water source. However, widespread acceptance of DPR will require identification and 
resolution of concerns regarding treatment train technology, health risks, regulatory issues, 
management and operational controls, public perception issues and cost (Cain, 2011). 

The premise of DPR involves directly pumping highly treated wastewater into drinking water 
treatment systems for potable use. Potable water reuse takes two forms; indirect potable reuse 
(IPR) and direct potable reuse (DPR). Planned IPR is considered to be the planned 
incorporation of reclaimed water into a raw water supply, such as in potable water storage 
reservoirs or a groundwater aquifer, resulting in mixing and assimilation, thus providing an 
‘environmental buffer’ which, after a specified time period, is withdrawn for drinking water 
treatment. Unplanned IPR has occurred for decades in the US where treated wastewater 
effluent is discharged into a river source upstream from a drinking water treatment plant intake. 
Unplanned IPR is also known as de facto IPR. DPR refers to the introduction of highly treated 
reclaimed water either directly into the potable water supply distribution system downstream of a 
water treatment plant, or into the raw water supply immediately upstream of a water treatment 
plant.  DPR occurs without intervening storage and is considered a ‘pipe-to-pipe’ transfer. Of 
important distinction is the existence and use of this IPR ‘environmental buffer’ which serves as 
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a spatial and temporal buffer between treated wastewater effluent and drinking water treatment 
(Cain, 2011). A schematic of the DPR process is reflected in Illustration 3-16. 

DPR has been recommended as a better alternative to IPR due to its efficiency (recycling the 
water where needed in the amounts needed), cost (avoiding storage, pumping and retreatment 
costs), and purity (piping highly treated wastewater effluent directly into enhanced drinking 
water treatment trains avoids potential contamination of highly purified water in environmental 
barriers). Additionally, IPR through groundwater recharge requires a suitable aquifer and IPR 
through surface water augmentation requires reservoir site availability (Cain, 2011). 

 
Illustration 3-16 Direct Potable Reuse Process Schematic (U.S. Environmental Protection Agency, 2012) 

3.3.3.2. CONCERNS AND CONSIDERATIONS 

The use of recycled water for DPR raises a number of issues and requires a careful 
examination of regulatory requirements, health concerns, project management and operation, 
and public perception. To date, regulations or criteria for direct potable reuse have only been 
established by several individual states within in the United States, and the practice generally 
has been deemed unacceptable in the past by regulatory agencies due to a lack of definitive 
information related to public health protection. However, certain states, such as California and 
Texas are considering DPR’s potential as a reasonable option to consider based upon 
significant advances in treatment technology and monitoring methodology in the last decade, 
health effects data from IPR projects and DPR demonstration facilities, and water quality and 
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treatment performance data generated at operational IPR projects that have advanced 
wastewater treatment (Crook, 2010). 

Although there is limited experience with DPR both globally and within the United States, 
several epidemiological and toxicological health effects studies have been conducted in the last 
30 years on recycled water generated at IPR projects and at direct potable reuse demonstration 
facilities to evaluate the public health implications of potable reuse. While none of the studies 
indicated that drinking recycled water would present health risks greater than those attributable 
to existing water supplies, the data from the studies are sparse and the limited nature of the 
toxicological and epidemiological techniques used for many of the studies prevent extrapolation 
of the results to potable reuse projects in general. However, some health experts are of the 
opinion that – if multiple treatment barriers are in place such that all water quality criteria for 
constituents of concern are reliably met and the chemical composition of the water is well 
understood – the need for toxicological characterization of the water is low and may not be 
needed for DPR projects (Crook, 2010). 

Assessment of the safety of using recycled water for DPR must consider several factors, such 
as microbial and chemical quality of the product water, emerging concerns over Endocrine 
Disruptive Compounds (EDCs), treatment performance and reliability, multiple barriers, 
monitoring capability, and system operation and management. For direct potable reuse to 
proceed in the United States, these factors (and others) present issues that would need to be 
resolved by regulatory agencies during the development of regulations, policies, and/or 
guidelines (Crook, 2010).  

3.3.3.3. ADVANCED WATER TREATMENT FOR DIRECT POTABLE REUSE 

To ensure that a water agency consistently produces safe potable water, sequential multiple 
barriers are installed to remove constituents of concern. Technological redundancy enhances 
reliability of safe water production. Current advances in real-time monitoring technology and 
robustness of existing and new technologies, such as enhanced membrane systems and 
advanced oxidation processes, offer nearly complete elimination of trace contaminants. Multiple 
barrier systems also include non-treatment and operational components, inserting safety 
barriers based on associated constituent risk to end users (Crook, 2010). 

Current technologies allow for high quality water production which can surpass current drinking 
water standards via Advanced Drinking Water Treatment (ADWT). ADWT is focused on trace 
constituent removal from reclaimed water beginning with secondary effluent from a conventional 
wastewater treatment plant, applying tertiary treatment, and then dissolved constituent removal, 
conditioning and disinfection. Bacteria, viruses and protozoa are treated with filtration and 
disinfection. Inorganics are treated with membrane bioreactors (MBR) and reverse osmosis 
(RO). EDCs and Pharmaceuticals and Personal Care Products (PPCPs) are targeted by 
Microfiltration (MF), RO and Ultraviolet Irradiation (UV). Selection of treatment steps depends 
on multiple factors including source water composition, and with DPR, end potable use drives 
selection. Common ADWT treatment trains include MF, RO, Powder/Granular Activated Carbon 
(PAC/GAC), Advanced Oxidation Processes (AOPs) and chlorination or UV treatment. Not all 
systems use all of these technologies at once. A typical treatment train in IPR systems is 
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conventional treatment followed by MF, RO and UV followed by conventional drinking water 
treatment (Cain, 2011). Key treatment technologies are as follows: 

• Powdered, granular, biological activated carbon (PAC, GAC, BAC) - MBRs 
• Reverse osmosis (RO) - MBR 
• Ion exchange 
• Advanced oxidation processes (AOPs) 
• Nanofiltration (NF) - MBR 
• Microfiltration (MF) and Ultrafiltration (UF) - MBRs 
• Chlorine, ozone and ultraviolet radiation (UV) disinfection 

3.3.3.4. OBSTACLES FOR ACCEPTANCE AND IMPLEMENTATION OF DIRECT 
POTABLE REUSE 

Effectiveness and Reliability of Treatment Train Unit Processes 

Obstacles are inherent in all ADWT treatment train processes. PAC and GAC obstacles include 
logistical difficulties with transporting large volumes of materials, high media replacement costs, 
contactor space requirements, and sensitivity to pH, temperature and flow rate. Obstacles 
arising from NF and RO use include imperative analysis of RO feed water and selection of an 
appropriate pretreatment system given that RO membranes are highly sensitive. Membrane 
fouling, cleaning, and lifespan as well as operating and maintenance costs are persistent 
issues. Efficient Ion exchange is highly dependent upon on levels of particulate and colloidal 
matter, solvent and organic polymer presence. These can cause ‘blinding’ of the ion exchange 
surfaces and thus require chemical pretreatment for clarification to optimize performance. 
Advanced oxidation processes produce brominated byproducts but can be managed by pH 
control or ammonia addition. Additional byproducts are carbon dioxide and mineral acids. 
Bicarbonate, carbonate, pH, and metal ions affect advanced oxidation performance and must be 
corrected for at the outset. MF/UF endure typical membrane obstacles including life, 
performance, operating efficiency, flux maintenance and increased operating costs (Cain, 
2011).  

Each disinfection procedure has associated obstacles. With chlorine disinfection, byproducts 
(trihalomethanes and haloacetic acids) are formed and total dissolved solids (TDS) increase. 
After disinfection, dechlorination is necessary to reduce chlorine levels to acceptable 
environmental levels. Use of ozone disinfection creates DBPs, although they are not 
chlorinated; the type created depends on bromide’s presence or absence in the effluent. 
Effectiveness of UV disinfection depends on certain permeate parameters, particularly 
chemical/microorganism characteristics, particle presence, microorganism regrowth potential 
post treatment, and the UV system’s physical state (Cain, 2011). 

The ADWT separation process generates waste stream concentrates of technological, 
management and economic concern. Waste products created during purification of secondary 
effluent include concentrated rejected constituents from liquid waste (regeneration brines, 
backwash), concentrated trace constituents saturating media during adsorption phases 
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(retentate), and chemicals added to the process and concentrated from precipitate compounds 
(Cain, 2011). 

Health Risk Concerns 
Few epidemiological and toxicological potable reuse health effects studies have been 
conducted over the past 30 years to investigate the public health impact of IPR and DPR. A 
large-scale DPR project in Windhoek, Namibia utilized epidemiological and toxicological studies 
to find no relationship observed between drinking water source and diarrheal disease cases. A 
Denver, Colorado potable water reuse demonstration project published another DPR study.  A 
two year toxicological health effects study in humans for chronic and reproductive effects found 
no adverse health effects for exposure to reclaimed water supplies. Other health effects studies 
have evaluated IPR with toxicological studies in animals, the most recent being a 2007 IPR 
Singapore Water Reclamation Study which did not show any health effects in fish or mice. 
Although these studies revealed no obvious health effects, design shortcomings, age of studies 
and technology’s rapid advancement over the past decade are factors worthy of important 
consideration in interpretation and extrapolation. While significant IPR findings are encouraging, 
the jump from IPR to DPR requires careful consideration of potential short and long term health 
effects (Cain, 2011). 

Addressing Key Regulatory Issues 
U.S. federal regulations do not currently exist for governance of water reuse practices. The U.S. 
EPA suggests certain IPR guidelines and considerations for DPR in their 2012 Guidelines for 
Water Reuse (U.S. Environmental Protection Agency, 2012). IPR guidelines address treatment 
techniques, reclaimed water quality guidelines and water monitoring and setback distances for 
the three types of IPR (groundwater recharge by spreading into potable aquifers, groundwater 
recharge by injection into potable aquifers and augmentation of surface supplies) (Cain, 2011). 
DPR considerations stated in the EPA guidelines address the general treatment process, 
planning considerations, and future research needs (U.S. Environmental Protection Agency, 
2012).   

Many individual states have passed legislation for their state water reuse practices. 
Conservation, non-potable uses, and in a few states, IPR, are defined by state regulations 
which vary considerably in their parameters and type of reuse application. These regulations are 
conservative in nature with public health protection being the most important consideration. 
State regulations vary in treatment and monitoring parameters but all operate under the 
assumption that minimal to no additional treatment will be required following discharge to the 
environmental buffer prior to drinking water treatment abstraction. Florida, California and Texas 
have the most specific regulations for treatment and quality criteria for potable reuse. Currently, 
there are no known state regulations or guidelines for DPR within North Carolina (Cain, 2011). 

Public Perception 
Public perception issues are the largest hurdles to overcome in DPR acceptance. Drinking 
water that once contained human waste is perceived as ‘contaminated.’ Without a separation 
and dilution step, between sewage effluent and influent to the drinking water treatment plant, 
public DPR acceptance will be difficult to impossible. The perception that water is everywhere, 
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and therefore DPR is unnecessary, is another major public perception obstacle. Experience 
from the Windhoek, Namibia’s DPR project found that public perception was the main obstacle 
and DPR can typically only succeed if no other options exist for the community or region (Cain, 
2011). 

Management and Operational Controls 
Consideration of system design must included analysis and preparation for system failure, 
immediate response planning including discharge diversion and storage use, organization of 
emergency water supply and security issues, and analysis of compensation for loss of 
retention/reaction time (i.e., IPR requires 6 months). It is necessary to evaluate the need for 
enhanced source control programs to reduce or remove the entrance of certain chemicals into 
the wastewater collection system. This would include aspects of monitoring, permitting, and 
physical/program design steps. Evaluation of data reporting tasks includes internal protocol 
planning and external reporting of monitoring results to regulatory agencies and the public. 
Operational guideline development is required to assure DPR plant system reliability and 
includes identifying changes to operator certification requirements and monitoring changes in 
the distribution system. Proper concentrate and residual management will be guided by NPDES 
permitting development and state level amendments. Finally, monitoring for environmental 
impacts of DPR requires delineation (Cain, 2011). 

3.3.3.5. REGULATION OF DPR 

Regulation of DPR in the United States 
As previously indicated, to date, no known regulations or criteria have been developed for DPR 
in North Carolina, and only small scale DPR projects have just recently been implemented 
within the United States. The only large-scale global example of an operational DPR project is in 
water-scarce Windhoek, Namibia, where highly treated recycled water is put into a drinking 
water system that serves 250,000 people. The DPR system in Windhoek has been in operation 
since 1968 (Crook, 2010). However, DBR has recently become a reality in the United States 
and is being evaluated with heightened interest as a practical means to address water supply 
needs. 

In order to implement DPR as a common practice within the United States, a myriad of key 
regulatory issues need to be resolved and include the following (Crook, 2010): 

• Clarify what constitutes direct potable reuse.  
• Compensate for the loss of an environmental buffer (a natural water body such as a lake 

or reservoir that physically separates product water from a recycling water facility and 
the intake to a drinking water plant).  

• Determine the number, type, and reliability of treatment processes necessary to serve as 
multiple barriers (which are incorporated into the design and operation of water recycling 
facilities to preclude the passage of microbial pathogens and harmful chemicals 
constituents into the water system).  

• Determine if dilution (or, the blending of recycled water with non-recycled waters, such 
as surface water or imported water) will be required as an added safety factor.  
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• Determine what monitoring requirements will be needed to assess the efficiency of the 
treatment process in removing microbial pathogens and chemical constituents.  

• Clarify the type and level of public health risk assessment needed (which may include 
evaluating the risk of treatment system failure and potential health risks due to such a 
failure).  

• Determine if scientific peer review of direct potable reuse projects by expert advisory 
panels will be a requirement.  

• Evaluate how existing drinking water statues, regulations, policies, and permitting 
processes may apply to direct potable reuse projects.  

• Clarify the roles of regulatory agencies in providing oversight of direct potable reuse 
projects.  

• Develop a communication system for the timely sharing of information between water 
utilities and regulatory agencies to avoid the distribution of unsafe water. 

Regulation of Water Reuse in North Carolina 
North Carolina’s water reuse policy and rule making statute, § 143 355.5, requires the 
Environmental Management Commission to “encourage and promote safe and beneficial reuse 
of treated wastewater as an alternative to surface water discharge”. The resulting rules are Title 
15A of the North Carolina Administration Code Subchapter 2T.0900.  

Under existing North Carolina rules, reclaimed water can be used for non-potable purposes. 
Water reuse for potable purposes, including direct potable reuse, is not currently permitted 
under North Carolina statute. 

3.3.3.6. DIRECT POTABLE REUSE IN UNION COUNTY 

As DPR is not currently permitted in North Carolina, and as there is limited experience with such 
systems within the United States, the use of DPR does not lend itself as a viable alternative 
water source for Union County to serve its existing and future customers in the Rocky River IBT 
Basin at this time. However, should the future regulatory framework within the United States and 
North Carolina change to allow DPR and additional experience, research and public acceptance 
of DPR prove its success and value as an alternative water source, the following considerations 
should be made for Union County’s water service in the Rocky-River IBT basin. 

Currently, Union County wastewater from its service area in the Rocky River IBT Basin is 
treated in privately owned septic systems, or at either the Crooked Creek WRF, pumped to the 
12 Mile Creek WRF, or treated at the City of Monroe’s WWTP. The County also operates 
several small residential neighborhood treatment facilities within the Rocky River IBT Basin. The 
most viable wastewater flow that could be a candidate for DPR would be the portion of Union 
County flow that is allocated to the City of Monroe’s WWTP. Flow from the County’s Lake Lee, 
Lake Twitty, Richardson Creek and Eastside wastewater service basins is treated at this facility, 
along with wastewater flow from Marshville and Monroe. 

If this wastewater flow were to be used for DPR purposes, the water would first need to be 
treated at the City of Monroe WWTP or future expanded County facility.  Following initial 
treatment, new infrastructure for advanced drinking water treatment (ADWT) of the wastewater 
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would be required. This infrastructure could be placed at the site of the existing City of Monroe 
WWTP, or alternatively, a new Union County Water Reclamation Facility could be constructed 
to include primary wastewater treatment and ADWT unit processes. In either case, following 
ADWT, the water would then need to be blended in the distribution system with finished water 
from the proposed new North Union County Water Treatment Plant (as previously described for 
other alternatives), to meet the projected water demand for the County’s service area within the 
Rocky River IBT Basin. Implementation of DPR would inevitably require the construction of two 
new treatment facilities (ADWT for supplemental water provided by DPR and potable water 
treatment for raw water supplied for surface water sources). Figure 3-3 provides a conceptual 
schematic of existing wastewater treatment facilities and flow diversions from wastewater 
service basins within Union County, as well as the proposed treated water distribution under the 
DPR alternative. 

Table 3-10 reflects the projected average annual day wastewater flow for Union County Public 
Works that is sent to the City of Monroe’s WWTP for treatment. Flows are projected to grow 
from 1.5 mgd in 2015 to 6.6 mgd by 2050. However, the 2050 wastewater flow projection of 6.6 
mgd is only 40% of the 16.5 mgd average daily water need for the Yadkin River Water Supply 
Project. As such, the use of DPR in Union County does not lend itself at a full demand solution 
for water supply, but rather only as a potential supplemental supply source. 

Table 3-10 Projected Union County Average Annual Daily Wastewater Flow to City of Monroe WWTP (in MGD) 

Wastewater Service 
Basin 

Projection Year 
2015 2020 2030 2040 2050 

Lake Twitty Basin 0.2 0.4 1.0 1.4 1.9 
Eastside Basin 1.3 1.6 2.1 2.9 3.9 
Lake Lee Basin 0.0 0.0 0.3 0.3 0.5 

Richardson Creek 
Basin 

0.0 0.0 0.1 0.1 0.2 

Total Flow 1.5 2.1 3.4 4.7 6.6 

3.3.3.7. CONCLUSION 

DPR may be a viable option for future water resource management as cities and regions 
struggle to ensure a dependable supply of safe drinking water amidst growing population, 
environmental and cost pressures. However, there are only a handful of existing small-scale 
DPR facilities and several ongoing test pilot studies within the United States, and limited large-
scale operating DPR facilities in the world (Windhoek, Namibia). Within the United States there 
is currently no federal framework in place by which to regulate DPR facilities, beyond those 
regulations implemented by certain individual states. In North Carolina, DPR is not currently 
permitted for potable water supply. The need for stronger epidemiological research, including 
observational epidemiology such as case/control and retrospective and prospective cohort 
studies, and potentially clinical trials, to mitigate health effects concerns has been identified as 
an utmost priority (Cain, 2011). Furthermore, DPR’s acceptance depends upon stakeholders, 
policymakers, scientific researchers and public health professionals investigating opportunities 
and solving problems present in DPR’s treatment train processes, health risk concerns, key 
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regulatory issues, management and operational controls and public perception issues (Cain, 
2011). 

Based on access to other, more reasonable, surface water supply alternatives, coupled with the 
current regulatory framework at both the federal and state level, DPR is not a reasonable and 
practical solution to Union County’s existing and projected future water needs in the Rocky 
River IBT Basin. Beyond regulatory challenges, health concerns and public perception issues 
related to DPR and inherent costs of advanced drinking water treatment for wastewater over 
and above traditional water treatment of surface water supplies are all factors that make this 
alternative a challenging and impractical alternative to implement at this time.   

Furthermore, projected wastewater flow in Union County which is the most viable candidate for 
DPR to supply the County’s service area within Rocky River IBT Basin is limited to the flow 
currently treated at the City of Monroe’s Eastside Wastewater Treatment Plant. Future projected 
Union County wastewater flow at this facility (not including the City of Monroe) from the Lake 
Lee, Lake Twitty, Richardson Creek and Eastside wastewater service basins are estimated to 
account for only 40% of the County’s average day future water demands that would be needed 
from this project. Therefore, the use of DPR could only serve to supplement the County’s water 
demand from surface water sources. The inability of DPR to meet the County’s full water 
demand in this service area further makes the logistics and cost of this strategy impractical and 
unable to meet Union County’s purpose and need. 

3.3.4. Alternative 11 - Wastewater Returns to the Yadkin River Basin, Pee Dee River 
(Lake Tillery) 

3.3.4.1. GENERAL 

Water reclamation for nonpotable applications is well established, as discussed in previous 
sections, with system designs and treatment technologies that are generally well accepted by 
communities, practitioners, and regulatory authorities. The use of reclaimed water to augment 
potable water supplies has significant potential for helping to meet future needs, but planned 
potable water reuse only accounts for a small fraction of the volume of water currently being 
reused. However, if de facto (or unplanned) water reuse is considered, potable reuse is certainly 
significant to the nation’s current water supply portfolio. The unplanned reuse of wastewater 
effluent as a water supply is common, with some drinking water treatment plants using waters 
from which a large fraction originated as wastewater effluent from upstream communities, 
especially under low-flow conditions. Thus, the term “de facto reuse” is often used to describe 
unplanned IPR. Examples of de facto potable reuse abound, including such large cities as 
Philadelphia, Nashville, Cincinnati, and New Orleans, which draw their drinking water from the 
Delaware, Cumberland, Ohio, and Mississippi Rivers, respectively. These communities, and 
most others using unplanned IPR sources, do provide their customers with potable water from 
these rivers that meet current drinking water regulations by virtue of the drinking water treatment 
technologies used (U.S. Environmental Protection Agency, 2012). 

The key distinction between indirect and direct potable reuse, as discussed earlier under 
Alternative 10, is that direct potable reuse does not include temporal or spatial separation, such 
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as natural (environmental) buffers between the introduction of recycled water and its distribution 
as drinking water. IPR is usually defined as the augmentation of a drinking water source 
(surface water or groundwater) with recycled water, followed by an environmental buffer that 
precedes normal drinking water treatment, whereas direct potable reuse is generally defined as 
the introduction of recycled water directly into a potable water distribution system downstream of 
a water treatment plant (Crook, 2010). 

This practice of discharging treated wastewater effluent to a natural environmental buffer, such 
as a stream or aquifer, has historically been deemed as an appropriate practice for IPR. 
However, research during the past decade on the performance of several full-scale advanced 
water treatment operations indicates that some engineered systems can perform equally well or 
better than some existing environmental buffers in attenuating contaminants, and the proper use 
of indicators and surrogates in the design of reuse systems offers the potential to address many 
concerns regarding quality assurance. A number of these planned IPR projects have been in 
use for many years, demonstrating successful operation and treatment (U.S. Environmental 
Protection Agency, 2012). 

Planned IPR involves a proactive decision by a utility to discharge or encourage discharge of 
reclaimed water into surface water or groundwater supplies for the specific purpose of 
augmenting the yield of the supply. For the purposes of the discussion related to planned IPR, it 
is useful to examine Illustration 3-17, which provides a graphical representation of IPR with 
specific scenarios (U.S. Environmental Protection Agency, 2012).  

 
Illustration 3-17 Planned Indirect Potable Reuse Process Scenarios Schematic (U.S. Environmental 
Protection Agency, 2012) 
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In either case, the decision to pursue planned IPR typically involves the following factors:  

• Limited availability and yield of alternate sources  
• High cost of developing alternate water sources 
• Conscious or unconscious public acceptance  
• Confidence in, and some level of control over, both advanced reclaimed water treatment 

processes and water treatment processes  

In some cases, the level of reclaimed water treatment required to meet water quality standards 
is considerable. The incentive to provide additional treatment may be driven by regulations 
intent on protecting water supplies but in most cases is also linked to benefits to the discharger 
or community in increasing the yield of water supplies that they depend on either directly or 
indirectly. While satisfying these four factors may be necessary to pursue IPR, they are not 
sufficient. Two specific components of these factors typically control the viability of 
implementation. First, even though existing water supplies may be of limited availability and 
yield, the means via water rights, permits, and storage contracts must exist to reap the benefits 
of withdrawing the additional yield of the augmented water supply. Second, public acceptance of 
IPR is of paramount importance but sometimes takes counterintuitive turns based on the 
specifics of the project and the local community. The following examples illustrate how these 
key components can play out in project planning and implementation (U.S. Environmental 
Protection Agency, 2012). 

An often-cited example of IPR is the Upper Occoquan Service Authority (UOSA) discharge into 
Occoquan Reservoir in Northern Virginia. In this particular case, serious water quality issues 
were caused by multiple small effluent discharges into the reservoir. The Fairfax County Water 
Authority withdraws water from the reservoir to meet the water supply needs of a large portion 
of Northern Virginia. In 1971, the UOSA was formed to address the water quality problem by the 
same local government entities that relied on the reservoir for their water supply. Therefore, 
these local governments, and by proxy their residents, received the benefits of the investments 
of additional wastewater treatment, satisfying the first key component that their water supply 
was now both protected and augmented. Regarding the second key component, the 
improvements made a dramatic improvement in the water quality of the reservoir that was 
readily visible to the general public. Algae blooms, foul odors, low DO for fish, etc., were 
addressed by the regionalization and advanced treatment and provided the public with a 
tangible example showing improved water quality over past practices (U.S. Environmental 
Protection Agency, 2012). 

Another example is the Gwinnett County, Ga., where treated effluent is discharged to Lake 
Lanier. Operated by the USACE, Lake Lanier is formed by Buford Dam on the Chattahoochee 
River north of Atlanta. Gwinnett County, along with several other communities around the lake, 
withdraws all of its water for potable supply from Lake Lanier. Given the linkage between the 
water withdrawal from the lake and the desire to return reclaimed water to the lake, the first key 
component was satisfied by the issuance of a revised state withdrawal permit and amended 
USACE storage contract that provided credit for the water returned. In this case, the key issue 
focused on permitting the discharge and on the multiple administrative and legal challenges 
identified by stakeholders with interest in the lake. Because the focus of the stakeholders was 
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primarily lake quality, discharge limits were significantly reduced from already-low proposed 
levels. For example, the proposed 0.13 mg/L total phosphorus limit based on detailed lake 
modeling was eventually reduced through the legal and permitting process to 0.08 mg/L using 
anti-degradation regulations as the rationale. Interestingly, plaintiffs also successfully pushed for 
the outfall to be closer to the county’s raw water intake to ensure that the reclaimed water 
discharge would be as reliable as possible (U.S. Environmental Protection Agency, 2012). 

In other example IPR projects, including San Diego and Tampa, the issue of supply and 
demand was not a significant concern, as the ability of the dischargers to utilize the reclaimed 
water to augment their yields was confirmed early in the planning process. However, unlike 
Gwinnett County, the primary opposition to IPR was related to the perceived health risks to the 
public from drinking the treated drinking water from the blended source. Public opposition of this 
type has significantly delayed or tabled many IPR plans. In many cases the opposition appears 
to be rooted, in part, to the public’s perception of the quality of the existing water source and 
that it will be degraded by the addition of reclaimed water. San Diego was able to provide new 
educational communication materials to the public and interest groups and is operating an IPR 
demonstration facility to provide specific data for permitting to augment the San Vicente 
Reservoir with recycled water (U.S. Environmental Protection Agency, 2012). 

3.3.4.2. NPDES DISCHARGES IN NORTH CAROLINA 

North Carolina’s water reuse policy and rule making statute, § 143 355.5, requires the 
Environmental Management Commission to “encourage and promote safe and beneficial reuse 
of treated wastewater as an alternative to surface water discharge.” The resulting rules are Title 
15A of the North Carolina Administration Code Subchapter 2T.0900.  

As a general rule, DWR recommends that utilities allow 2 ½ years to complete the process of 
permitting a new NPDES wastewater discharge or facility expansion/modification. North 
Carolina’s general process for permitting is reflected in Illustration 3-18. 
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Illustration 3-18 North Carolina Wastewater Discharge Permitting Process 

Speculative limits must be developed as part of the permitting process and are provided by 
DWR to publicly owned facilities to establish performance criteria for the design of the 
wastewater treatment plant improvements. Limits are developed based on the established uses 
of the receiving water body, the capacity of the water body to accept the additional wastewater 
loads or current management strategies at the time the speculative limits are developed. Many 
issues can influence these permit limits conditions: impairment of the stream, over allocation of 
loads, or stream classification restrictions. 

If the project is subject to the State Environmental Policy Act (SEPA) review, the requirements 
of the Engineering Alternatives Analysis (EAA) must be folded into the Environmental 
Assessment (EA) or Environmental Impact Statement (EIS). SEPA applicability and 
requirements are discussed in the following section. According to North Carolina rules, the 
expansion of an existing discharge facility of 500,000 or more gallons per day additional flow or 
permitting of a new NPDES discharge will require preparation of a SEPA document. 

In North Carolina, there are several potential restrictions to a wastewater discharge to surface 
waters, including: 
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• Zero flow stream restrictions (15A NCAC 2B.0206(d)(2)) apply to oxygen-consuming 
waste in zero-flow streams. No new or expanding (additional) discharge of oxygen-
consuming waste will be allowed to surface waters of North Carolina if both the summer 
7Q10 and 30Q2 streamflows are estimated to be zero, in accordance with 15A NCAC 
2B.0206(d). 

o New and Expanding Discharge to Zero Flow Streams (both 7Q10 and 30Q2 = 0).  
Regulation 2B .0206 disallows new discharges of oxygen¬ consuming 
wastewater to streams which have no flow under both 7Q10 and 30Q2 
conditions. 

o New and Expanding Discharge to Zero Flow Streams (7Q10= 0; 30Q2 >0).  
Regulation 2B .0206 sets effluent limitations at BOD5 = 5 mg/l, NH3-N= 2 mg/l, 
and DO = 6 mg/l to streams with no 7Q10 flow, but positive 30Q2 flow, unless it 
is determined that these limits will not protect water quality standards. 

• Receiving stream classification restrictions (e.g., ORW, WS, SA, NSW, and HQW class 
waters have various discharge restrictions or require stricter treatment standards). 

o Surface Water Classifications are designations applied to surface water bodies, 
such as streams, rivers and lakes, which define the best uses to be protected 
within these waters (for example swimming, fishing, drinking water supply) and 
carry with them an associated set of water quality standards to protect those 
uses. Surface water classifications are one tool that state and federal agencies 
use to manage and protect all streams, rivers, lakes, and other surface waters in 
North Carolina.  

o Many of the classifications, especially those designed to protect drinking water 
supplies and certain high quality waters, have protection rules which regulate 
activities, such as wastewater discharges that may impact surface water quality.  
No permitted expansions of domestic wastes are allowed on waters classified as 
WS I & II, or ORW to preserve the uses of these waters. Other classifications 
may require the discharger to meet stringent limits.   

• Basinwide Water Quality Plans. These basin-specific plans list NPDES permitting 
strategies that may limit wastewater discharges to particular streams within the basin 
due to lack of stream assimilative capacity, etc. 

o Basinwide water quality plans are prepared by DWR for each of the 17 major 
river basins in the state. Preparation of a basinwide water quality plan is a ten-
year process. Basinwide planning is a tool to identify water quality problems and 
restore full use to impaired waters, identify and protect high value resource 
waters, and protect unimpaired waters, yet allow for reasonable economic 
growth.   

o A basin plan presents water quality initiatives and recommendations for each 
subbasin in a river basin. The recommendations presented in the basin plan will 
be implemented when developing a permit or evaluating a permit expansion 
request. 

• Assimilative Capacity. Water bodies are limited to the total combined wastewater flow 
they can carry. 
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o DWR utilizes analytical models to determine the maximum amount of wastewater 
that can be discharged into a body of water and still meet the water quality 
standards. If such study shows that the receiving stream can’t assimilate 
additional oxygen consuming wastes, expansion of an existing discharge is not 
allowed. 

• Impaired waters and TMDLs. Certain water bodies listed as impaired on the 303(d) list 
and/or subject to impending TMDLs may have wastewater discharge restrictions. 

o Section 303(d) of the Clean Water Act (CWA) requires states to develop a list of 
waters not meeting water quality standards or which have impaired uses. Listed 
waters must be prioritized, and a management strategy or total maximum daily 
load (TMDL) must subsequently be developed for all listed waters.  

o The DWR evaluates waters for multiple uses in each basinwide management 
plan. These uses include aquatic life support, primary and secondary recreation, 
fish consumption, water supply, and for coastal waters, shellfish harvesting. If 
data indicate that any one of these is impaired, the water body is included in the 
Section 303(d) list. Waters on the 303(d) list are scheduled for additional study 
and/or development of a TMDL.  

o A TMDL is a calculation of the maximum amount of a pollutant that a waterbody 
can receive and still meet water quality standards, and an allocation of that 
amount to the pollutant's sources. An implementation plan outlines the steps 
necessary to reduce pollutant loads in a certain body of water to restore and 
maintain designated uses. The development of TMDLs and implementation plans 
are often the best method to improve water quality. Federal regulations prohibit 
the addition of certain new sources and new discharges of pollutants to waters 
listed on the North Carolina 303(d) List until a TMDL is established. The terms 
and conditions of the TMDL will be followed at the time a request for speculative 
limits is made. 

• Presence of Endangered Species. If endangered species are present in the proposed 
discharge location, there may be wastewater discharge restrictions. 

Since a goal of the Clean Water Act is to minimize or eliminate point source discharges to 
surface waters, any proposal for a new or expanding wastewater discharge within North 
Carolina must include evaluation of wastewater disposal alternatives in addition to direct 
discharge. Particularly for dischargers of domestic wastewater, the following wastewater 
disposal alternatives should be considered: 

• Connection to an existing wastewater treatment plant (public or private) 
• Land application alternatives, such as individual/community onsite subsurface systems, 

drip irrigation, spray irrigation 
• Wastewater reuse 
• Surface water discharge through the NPDES program 
• Combinations of the above 

120 



Union County Public Works | Environmental Impact Statement 
ALTERNATIVES ANALYSIS  

 

3.3.4.3. UNION COUNTY WASTEWATER RETURNS TO LAKE TILLERY 

Currently, Union County wastewater in the service areas within the Rocky River IBT Basin is 
treated via privately owned septic systems, or at either the Crooked Creek WRF, pumped to the 
12 Mile Creek WRF, or treated at the City of Monroe’s WWTP. The County also operates 
several small residential neighborhood treatment facilities within the Rocky River IBT Basin. The 
most viable wastewater flow that could be a candidate for IPR would be the portion of Union 
County flow that is allocated to the City of Monroe’s WWTP. Flow from the County’s Lake Lee, 
Lake Twitty, Richardson Creek and Eastside wastewater service basins is treated at this facility, 
along with wastewater flow from Marshville and Monroe. 

If this wastewater flow were to be used for IPR purposes, the water would first need to be 
treated at the WWTP. Following wastewater treatment, new infrastructure would be required to 
pump the Union County wastewater allocation at the treatment plant northeastward to the 
upstream reach of Lake Tillery. This infrastructure is assumed to be placed at the site of the 
existing City of Monroe WWTP. Figure 3-4 provides a conceptual schematic of existing 
wastewater treatment facilities and flow diversions from wastewater service basins within Union 
County, as well as the proposed Union County wastewater flow diversion from the Monroe 
WWTP to Lake Tillery under Alternative 11. 

As Monroe’s WWTP currently discharges to Richardson Creek and subsequently flows to the 
Rocky River and into the Pee Dee River, downstream of Lake Tillery, a Union County IBT from 
Lake Tillery (Alternative 1) would not classify for a Cork Rule Exception. However, if Union 
County’s wastewater generated in the Lake Twitty, Lake Lee, Richardson Creek and Eastside 
service areas were diverted from the Monroe WWTP back to Lake Tillery, the Cork Rule 
Exception would apply. Under this exception, the IBT from Lake Tillery could be reduced by the 
amount of treated wastewater being returned to the lake. In effect, Alternative 11 is an IBT 
minimization strategy for Alternative 1. 

Table 3-11 reflects the projected average annual daily wastewater flow for Union County Public 
Works that is sent to the City of Monroe’s WWTP for treatment. Flows are projected to grow 
from 1.5 mgd in 2015 to 6.6 mgd by 2050. However, the 2050 wastewater flow projection of 6.6 
mgd is only 40% of the 16.5 mgd average daily water need for the Yadkin River Water Supply 
Project. As indicated in Table 3-11, the use of IPR in Union County would serve only to reduce 
(not eliminate) the total amount of the IBT from the Yadkin River IBT Basin to the Rocky River 
IBT Basin. 

Table 3-11  Projected Union County Average Annual Daily Wastewater Flow to City of Monroe WWTP (in mgd) 
Wastewater Service 

Basin 
Projected Flow (mgd) Projection Year 

2015 2020 2030 2040 2050 
Lake Twitty Basin 0.2 0.4 1.0 1.4 1.9 

Eastside Basin 1.3 1.6 2.1 2.9 3.9 
Lake Lee Basin 0.0 0.0 0.3 0.3 0.5 

Richardson Creek 
Basin 

0.0 0.0 0.1 0.1 0.2 

Total Flow 1.5 2.1 3.4 4.7 6.6 
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Table 3-12 reflects the projected IBT under Alternative 11, with reductions in the Alternative 1 
IBT quantity afforded from the proposed wastewater return back to Lake Tillery, assuming the 
wastewater diversions begin when a new water supply from Lake Tillery begins (post 2020). 
Note that the IBT quantity is calculated as maximum month daily average water demand minus 
the average annual daily wastewater returns to more closely approximate the actual IBT during 
the drier and hotter summer months. 

Table 3-12 IBT from Lake Tillery under Alternative 11 (in mgd) 

 Projected Flow (mgd) by Projection Year 
2015 2020 2030 2040 2050 

Maximum Month Daily 
Average Water Supply 

from Lake Tillery 

0 0 9.8 16.4 23 

Annual Average Daily 
Wastewater Returns 

to Lake Tillery 

0 0 3.4 4.7 6.6 

Total IBT 0 0 6.4 11.7 16.4 
Note: IBT quantity is calculated as maximum month daily average water demand minus the average annual daily 
wastewater returns to more closely approximate the actual IBT during the drier and hotter summer months. 

3.3.4.4. NPDES DISCHARGE PERMITTING CONSIDERATIONS AND CONCERNS 

Background 
A preliminary evaluation of potential new Union County NPDES discharge sites within the Lake 
Tillery watershed as part of Alternative 11 focused on Mountain Creek, Jacob’s Creek and the 
main stem of the Pee Dee River on Lake Tillery, along the western side of the watershed. 
Mountain Creek and Jacob’s Creek are the largest watersheds draining to Lake Tillery along the 
western slope. Potential discharge locations were identified based on proximity to roadway 
crossings to the water bodies. Three sites were identified on Jacob’s Creek, including the US-52 
crossing, Dennis Road crossing, and Indian Mound Road Crossing near the Jacob’s Creek 
Cove of Lake Tillery. One site was identified on Mountain Creek, located at the Valley Drive 
crossing over the creek, just upstream of the Little Mountain Creek confluence with Mountain 
Creek. Two potential sites were identified on the main stem of the Pee Dee River in Lake Tillery, 
including at the end of Morrow Mountain Road within Morrow Mountain State Park at the 
confluence of the Uwharrie River with Lake Tillery (approximately 11 river miles upstream of the 
proposed Union County raw water intake for Alternative 1) and at the Troy Road (NC 24/27/73) 
river crossing (approximately 5.5 river miles upstream of the proposed Union County raw water 
intake for Alternative 1). 

Similar to direct potable reuse, but perhaps not to the same extent, the use of recycled water for 
IPR raises a number of issues and requires a careful examination of regulatory requirements, 
health concerns, project management and operation, and public perception. Several 
epidemiological and toxicological health effects studies have been conducted in the last 30 
years on recycled water generated at IPR projects to evaluate the public health implications of 
potable reuse. While none of the studies indicated that drinking recycled water would present 
health risks greater than those attributable to existing water supplies, the data from the studies 
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are sparse and the limited nature of the toxicological and epidemiological techniques used for 
many of the studies prevent extrapolation of the results to potable reuse projects in general 
(Crook, 2010). Additional concerns and considerations for permitting a new NPDES discharge 
involve receiving water quality and impacts to the aquatic ecosystem. 

DENR has developed the Yadkin-Pee Dee River Basin Plan which outlines water quality plans 
for the basin, including Lake Tillery and the Pee Dee River, downstream of the lake. Major 
considerations for permitting NPDES discharges within this area are noted to include zero-flow 
stream restrictions, biological habitat considerations, and assimilative capacity considerations, 
particularly related to dissolved oxygen standards (NCDENR, 2008). 

Zero Flow Stream Restrictions 
Streams throughout this area have low base flows and tend to stop flowing in summer months. 
Additionally, several streams, including Mountain Creek lacked sufficient flows to enable water 
quality sampling as part of DENR’s work for the Yadkin-Pee Dee River Basin Plan in 2006 
(NCDENR, 2008). 

Potential NPDES discharge locations in the Mountain Creek and Jacob’s Creek watershed scan 
effectively be eliminated from consideration as candidate sites for a new treated wastewater 
discharge under state permitting statutes, due to low flow stream limitations. 7Q10 and 30Q2 
flow estimates were derived for these watershed’s using for the Carolina Slate Belt (argillite 
zone), as published in the USGS Water-Supply Paper 2403, “Low-Flow Characteristics of 
Streams in North Carolina,” which outlines typical low flow value which may be attributed to 
various hydrologic areas of the state on a per square mile of drainage area to a particular point 
in an unregulated stream (Giese & Mason, 1993).Values published in this document for the 
Carolina Slate Belt argillite zone indicate 7Q10 values of 0.009, 0.007, 0.001, 0.000, and 0.000 
cfs per drainage area square mile for the maximum, 75th percentile, 50th percentile, 25th 
percentile, and minimum, respectively.  Additionally, drainage areas less than 12 square miles 
in this region typically have a 7Q10 value of zero. Values published in the document for the 
Carolina Slate Belt argillite zone indicate 30Q2 values of 0.060, 0.029, 0.014, 0.010, and 0.002 
cfs per drainage area square mile for the maximum, 75th percentile, 50th percentile, 25th 
percentile, and minimum, respectively. 

As indicated in Table 3-13, each of the locations has a 7Q10 value significantly less than 1 cfs 
and approximately 0 cfs at the 50% percentile. As indicated in Table 3-14, each of the locations 
has a 30Q2 less than 1 cfs and approximately 0 cfs at the minimum range. 
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Table 3-13  7Q10 Estimates for Jacob's Creek and Mountain Creek 

   7Q10 Flow Estimate (in cfs) 

Stream Site 
Drainage 

Area 
(sq 

miles) 
Max 75% 50% 25% Min 

Jacobs Creek Indian Mound 
Road 

11.5 0.104 0.081 0.012 0.000 0.000 

Jacobs Creek US-52 2.9 0.026 0.020 0.003 0.000 0.000 
Jacobs Creek Dennis Road 3.4 0.031 0.024 0.003 0.000 0.000 
Mountain 
Creek 

Valley Drive 13.8 0.124 0.097 0.014 0.000 0.000 

 

Table 3-14 30Q2 Estimates for Jacob’s Creek and Mountain Creek 

   30Q2 Flow Estimate (in cfs) 

Stream Site 
Drainage 

Area 
(sq 

miles) 
Max 75% 50% 25% Min 

Jacobs Creek Indian Mound 
Road 

11.5 0.693 0.335 0.162 0.115 0.023 

Jacobs Creek US-52 2.9 0.026 0.020 0.003 0.029 0.006 
Jacobs Creek Dennis Road 3.4 0.031 0.024 0.003 0.034 0.007 
Mountain 
Creek 

Valley Drive 13.8 0.124 0.097 0.014 0.138 0.028 

 

An additional evaluation was conducted to look at potential USGS streamflow gages within the 
Yadkin River Basin to use as surrogate gages to estimate 7Q10 for the candidate discharge 
sites. Using historical streamflow data from four representative USGS gages, and the US EPA’s 
dFlow analysis utility, both 7Q10 and 30Q2 flows could be determined within the region on a per 
square mile basis to correlate to the flows estimated in Tables 3-13 and 3-14. The results of this 
evaluation are indicated in Table 3-15. This table indicates that 7Q10 are approximately zero 
and 30Q2 values are minimal within the area hydrologic region around Lake Tillery.   
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Table 3-15 7Q10 and 30Q2 Flow Estimates for USGS Gages in Lake Tillery Watershed 

  Drainage 
Area 
(sq 

miles) 

EPA dFLOW 
7Q10 (in cfs) 

EPA dFLOW 
30Q2 (in cfs) 

Stream USGS Gage Total 
Flow 

Flow 
per sq. 

mile 
Total 
Flow 

Flow 
per sq. 

mile 
Uwharrie River 2123500 (El 

Dorado) 
342 3.85 0.011 28.8 0.084 

Dutchman's 
Creek 

2123567 
(Uwharrie) 

3.44 0.04 0.012 0.4 0.116 

Brown Creek 2127000 (Polkton) 110 0.00 0.000 0.16 0.001 
Little River 2128000 (Star) 106 0.26 0.002 9.77 0.092 
 

While an NPDES discharge could technically be permitted at several of these locations where 
the 7Q10 flow is estimated to be 0 cfs, since the 30Q2 is above 0 cfs, the wastewater discharge 
limitations would be significantly more stringent according to State requirements, and may be 
beyond the current treatment capabilities of the City of Monroe’s wastewater treatment plant. As 
such, this evaluation supports the Yadkin-Pee Dee River Basin Plan’s assertion that new 
NPDES discharges within the Lake Tillery-Pee Dee watershed should not be permitted on low 
flow streams, but rather directed to the Yadkin-Pee Dee River main stem. Either the Morrow 
Mountain State Park or Troy Road (NC 24/27/73) crossing locations on Lake Tillery that were 
also identified as part of this evaluation could be viable candidate sites for a new discharge. 

Biological Habitat 
As part of the Mountain Creek, Little Mountain Creek and Jacobs Creek Ecosystem 
Enhancement Program Study, three sites were sampled for benthic macroinvertebrates in 
January 2004 as part of the Memorandum of Agreement between the Division of Water Quality 
and the North Carolina Ecosystem Enhancement Program in the creation of a Local Watershed 
Plan for the Mountain Creek planning area. Bioclassifications ranged from Poor to Good-Fair. 
The benthic communities at all three sites indicate the low flow conditions naturally present in 
the Slate Belt ecoregion (NCDENR, 2008). 

As part of a previous Fish Community Ecosystem Enhancement Program Study, the instream 
and riparian habitats, physical and chemical characteristics, and fish communities of Mountain, 
Little Mountain, and Jacobs Creeks in Stanly County were evaluated by DENR in 2004. These 
streams are downstream from the Towns of Badin and Albemarle and near Morrow Mountain 
State Park. Nonpoint nutrient runoff from pastures and livestock which have access to the 
streams contributed to slightly elevated conductivities, abundant periphyton, and an abundance 
of nutrient indicator species and tolerant fish (NCDENR, 2008). 

Additional wastewater discharges to low-flow feeder streams within the Lake Tillery watershed 
under Alternative 11 could negatively affect existing biological habitat due to decreased 
dissolved oxygen content within the streams.  Hence, a new NPDES discharge should be 
avoided on such streams, but rather be directed to the main stem of the river under Alternative 
11. 
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Assimilative Capacity 
The Pee Dee River currently has 10 minor NPDES WWTP dischargers and no major 
dischargers. Many of these are located within watersheds where biological samples were 
collected for the State’s Yadkin-Pee Dee River Basin Plan. These include Greater Badin WWTP 
(NC 0074756), discharging up to 0.55 mgd to Little Mountain Creek; Mount Gilead Town WWTP 
(NC 0021105), 0.85 mgd to Clarks Creek; and Montgomery County WTP (0080322), 0.47 mgd 
to UT Clarks Creek. Three facilities are located within the Little River Watershed. These are 
Biscoe Town WWTP (NC 0021504) discharging up to 0.6 mgd to Hickory Branch; Carolina 
Trace Utilities Inc. (NC 0038831), 0.325 mgd to the Upper Little River; and Troy Town WWTP 
(NC 0028916), 0.84 mgd to Densons Creek. One discharger, Ansonville Town WWTP (NC 
008125), discharges up to 0.12 mgd directly to the Pee Dee River. Another facility, Stony Gap 
Fish House (NC 0040801) has ceased discharging up to 0.004 mgd to UT Jacobs Creek prior to 
January 2007 (NCDENR, 2008). 

Low dissolved oxygen is a problem throughout this subbasin. In many cases, naturally low flow 
in the summer depresses oxygen levels. In the case of Little Mountain Creek, which feeds to 
Mountain Creek, the low flows are not able to dilute the Badin WWTP discharge, further 
degrading the stream. The Yadkin-Pee Dee River Basin Plan indicates that new discharges with 
significant biological oxygen demands should not be permitted in low flow streams. It further 
suggests that these and existing discharges should be directed to the Pee Dee main stem or 
streams with consistent flows, suitable for waste assimilation. Water reuse options are also 
listed as a suggested alternative to surface water discharges (NCDENR, 2008). 

3.3.4.5. INFRASTRUCTURE REQUIREMENTS 

Pumping Station 
Immediately upstream of the discharge point into Richardson Creek, Union County’s portion of 
Monroe WWTP treated effluent will be diverted into a new pump station. The diversion structure 
will include a flow control valve and flow meter so that only Union County’s equivalent quantity 
of the Monroe WWTP effluent can be isolated and diverted. The new pump station will direct the 
diverted flow across the existing treatment plant site and along a 45-mile transmission 
alignment, until the flow is discharged into the headwaters of Lake Tillery. 
Union County’s contribution to the Monroe WWTP flow is projected to reach 6.6 million gallons 
per day (mgd) by the year 2050. This value was multiplied by a peak hour factor of 2.5 to arrive 
at the design flow of 16.5 mgd for conceptual sizing of the wetwell, pumps, and pipeline 
described below. A “4 + 1” pumping configuration was selected, with four submersible pumps 
operating in parallel and one on standby. These five pumps would be housed in a wetwell sized 
for a cycle time of 7.5 minutes (i.e., 8 cycles per hour), and all associated electrical equipment 
and controls would be housed directly above the wetwell. Five 16-inch pump discharge pipes 
are proposed to feed into one 36-inch transmission line. The wetwell and pump station structure 
would need to be approximately 30-feet deep. A diesel generator and odor control system will 
be provided immediately adjacent to the pump station, and a dedicated access road will encircle 
the building. 
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Proposed Transmission Alignment 

The proposed transmission alignment for this alternative is reflected as Alternative 11 on Figure 
2-3. The detailed study corridor for this proposed route is also reflected in Figure 3-1f. For this 
alternative, the treated wastewater conveyance from the City of Monroe WWTP to Lake Tillery 
would require a booster pump station to be installed at the existing site of the Monroe WWTP. 
From this pump station, the transmission alignment would follow Monroe-Ansonville Road 
(SR1751) east to Ansonville Road (SR1002). The alignment would follow Ansonville Road to the 
northeast to NC 205 at which point it would travel northward along NC 205 towards New Salem. 
Where the alignment reaches the proposed Alternative 1 alignment from the proposed Yadkin 
River Water Treatment Plant, the wastewater conveyance alignment would follow an identical 
alignment as the raw water transmission alignment for Alternative 1 northeastward to Norwood. 

Once reaching US 52 in Norwood, the wastewater conveyance alignment would diverge from 
the raw water conveyance alignment and travel northward toward the headwaters of Lake 
Tillery.  The proposed alignment for Alternative 11 would cross over US 52 in Norwood and 
follow Pee Dee Avenue northward. Pee Dee Avenue eventually becomes Indian Mound Road, 
and the proposed alignment would continue northward along Indian Mound Road to the 
intersection with Troy Road (NC 24/27/73), southeast of Albemarle. At this location, the 
alignment would travel eastward along Troy Road approximately 1 mile to the upstream reach of 
Lake Tillery, where it would discharge into the river. This location is approximately 5.5 river 
miles north of the proposed raw water intake location for Alternative 1. 

The transmission line was conceptually sized to maintain a water velocity between two and five 
feet per second in order to allow for scouring and to reduce friction losses. This desired velocity 
can be achieved at the Year 2050 design flow using a 36-inch line. Additionally, based on total 
dynamic head (TDH) calculations at various flow rates and at intermediate points along the 
proposed transmission line route, it was determined there is not a need for any intermediate 
pump station(s). This is due largely to the overall downhill nature of the proposed route. 

3.3.4.6. CONCLUSION 

In consideration of the recommendations set forth in the Yadkin-Pee Dee River Basin Plan for 
the Lake Tillery-Pee Dee River reach and the low-flow characteristics of streams feeding into 
Lake Tillery, Alternative 11 is developed based on an assumed new NPDES discharge into the 
main steam of the river at Lake Tillery.  Evaluation of potential discharges to major feeder 
streams to Lake Tillery (Mountain Creek and Jacob’s Creek) indicate that estimated 7Q10 flows 
are zero or near zero, which would limit the ability to permit a new discharge into these waters, 
as previously discussed. Additionally, assimilative capacity concerns are an issue for large 
wastewater discharges into such tributary streams. 

If Alternative 11 were to be used as a means to reduce the net IBT of water transfers from Lake 
Tillery as proposed in Alternative 1, it is estimated that the IBT could be reduced by 
approximately 29% to 35% depending on projection year and actual future wastewater flows 
generated. However, such benefits afforded to water quantity in Lake Tillery may be outweighed 
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by water quality and environmental impacts of a new wastewater discharge and associated 
sanitary sewer transmission infrastructure required as part of this alternative. 

3.4. Opinions of Costs for Project Alternatives 
3.4.1. Background and Assumptions 

Conceptual opinions of project costs were completed for each alternative to determine financial 
feasibility, help differentiate among the various water supply solutions, and provide useful 
information for the selection of the Preferred Alternative. While the project alternatives vary 
considerably in their approach, scope, and magnitude, the goal for development of the opinions 
of cost is to provide an overall project value for each alternative that allows for a fair comparison 
and differentiation between alternatives (i.e. an ‘apples to apples’ comparison). Further, some of 
the project alternatives can be characterized as having sub-alternatives (e.g. alternative raw 
water transmission routes, alternative locations for WTP sites, differing types of intake facilities). 
In these cases, the basis for cost comparison has been selected as the lowest cost sub-
alternative or the sub-alternative that represents an average cost value.   

The following key notes and assumptions are provided as background for the development of 
the opinions of costs: 

 Costs are developed only to a conceptual level, with most simulating Class 4 
construction cost opinions as defined by the Association for the Advancement of Cost 
Engineering. 

 Costs are given in 2014 dollars with no escalation of costs into the future. These 
escalation costs for the various alternatives are likely to be similar and are, therefore, not 
a major differentiator in the alternatives analysis.   

 Only capital and project development costs are included. Operation and maintenance 
costs for the various alternatives are likely to be similar, based on actual water demand 
by Union County customers and therefore, are not a major differentiator in the 
alternatives analysis. 

 All infrastructure required to produce the required water demand of 28 mgd (max. day) 
described in Section 3 of this document is assumed to be constructed in the initial phase 
and in 2014 dollars. While it is highly likely that elements of the project alternatives will 
be built in phases, this phasing approach is likely to be similar for the various 
alternatives and therefore, is not a major differentiator in the alternatives analysis. 

 Costs for finished water transmission and distribution have not been included since 
these are likely to be similar for the various alternatives and therefore, are not a major 
differentiator in the alternatives analysis. 

 Cost elements for subjective areas such as contractor’s mobilization, general conditions, 
overhead and profit (e.g. 20%) as well as design and construction phase engineering 
(e.g. 15%) were held constant between alternatives. 
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This approach to development of costs provides an appropriate evaluation of financial feasibility, 
a basis of comparison for the financial aspects of the various alternatives, and key input into 
identification of the Preferred Alternative. 

3.4.2. Opinions of Costs Summary for Project Alternatives 

Table 3-16, on the following page, provides a structured comparison of the various alternatives 
presented in this document. The information in Table 3-16 has been formatted to allow a 
breakout of key project elements that may be different among the alternatives. For instance, 
while some alternatives require a terminal storage reservoir at the WTP site, others do not. 
Alternatives 9 and 10 are shown as “Not Applicable” since it was determined that these 
alternatives do not present a viable solution to the water supply demands of Union County. 
Alternative 11 is shown as an additive cost to Alternative 1 since this alternative includes all of 
the elements of Alternative 1 plus the added costs of returning treated wastewater to Lake 
Tillery. 

Detailed development of these cost opinions is included in Appendix C. 

3.4.3. Opinions of Costs Summary for Sub-Alternatives 

As mentioned previously, some of the project alternatives include sub-alternatives. To 
determine which sub-alternative to include in the analysis presented in the previous section, 
opinions of costs were completed for each sub-alternative.   

These sub-alternatives include: 

 Raw water transmission main routing options within Stanly County. 
 Raw water transmission main routing options to each of water treatment plant sites A, B, 

C, and D, as applicable. 
 Ranney collector well raw water intake costs for Alternatives 4 and 5. 

For reference, these various sub-alternative costs are presented in Appendix C. Relevant notes 
and assumptions for these sub-alternative costs are similar to those outlined above. 
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Table 3-16 Union County YRWSP – Conceptual Cost Opinion (in Millions of $) for YRWSP Alternatives 

Project Cost Item 
ALTERNATIVE1 

1A 2A 2B 3A 3B 4 5 6 7 8 9 10 11 2 

Raw Water Intake & Pump 
Station $7.9 $7.9 $7.9 $7.9 $7.9 $8.2 $19.9 $10.2 $9.1 $155.4 NA NA See Alt 1 

Raw Water Transmission $152.7 $206.5 $206.4 $194.9 $162.4 $203.0 $49.3 - $16.9 $61.6 NA NA See Alt 1 

Raw Water Transmission - 
Land $1.8 $2.4 $2.4 $2.1 $1.7 $2.2 $0.6 - - $0.7 NA NA See Alt 1 

Terminal Reservoir - - - - - $30.7 $42.2 - -  NA NA - 

Terminal Reservoir – Land - - - - - $0.8 $1.3 - - - NA NA - 

Water Treatment Plant $76.6 $76.6 $76.6 $76.6 $76.6 $76.6 $76.6 $60.4 $65.0 $76.6 NA NA See Alt 1 

Water Treatment Plant – 
Land $0.7 $0.7 $0.7 $0.7 $0.3 $0.7 $0.7 - - $0.3 NA NA See Alt 1 

Finished Water 
Transmission to WTP Site 

C/D (excluding land) 3 
- - - - - - - $181.4 $170.1  NA NA - 

Wastewater Returns to 
Tillery - - - - - - - - - - NA NA $137.5 

TOTAL $239.7 $294.1 $294.0 $282.2 $248.9 $322.2 $190.6 $252.0 $261.1 $294.6 NA NA $377.2 

Ranking by Cost 
(Lowest to Highest) 2 8 7 6 3 9 1 4 5 6 NA NA 10 

Notes: 
1Alternative Cost Descriptions: 

- Alternative 1A - Water supply from Lake Tillery with transmission to WTP Site Area C (note - Alternative 1B project cost is similar, but raw water transmission costs and land are higher due to increased length of alignment) 
- Alternative 2A - Water supply from Narrows Reservoir with transmission to WTP Site Area C 
- Alternative 2B - Water supply from Tuckertown Reservoir with transmission to WTP Site Area C 
- Alternative 3A - Water supply from Blewett Falls Lake with transmission to WTP Site Area C 
- Alternative 3B - Water supply from Blewett Falls Lake with transmission to WTP Site Area D 
- Alternative 4 - Water supply from Pee Dee River with transmission to WTP Site Area C 
- Alternative 5 - Water supply from Rocky River with transmission to WTP Site Area C 
- Alternative 6 - Water supply from Catawba River Water Supply Project (Catawba River) 
- Alternative 7 - Water supply from Charlotte Water (Mountain Island Lake) and Catawba River Water Supply Project (Catawba River) 
- Alternative 8 - Water supply from groundwater with transmission to WTP Site Area D 
- Alternative 9 - Water demand management / conservation 
- Alternative 10 - Direct potable reuse 
- Alternative 11 - Wastewater returns to Lake Tillery (total cost shown includes Alternative 1 water supply plus Alternative 11 costs 

2 Wastewater returns to Lake Tillery is an additive cost to any of the water supply alternatives. For comparison, it has been added to Alternative 1. 
3 Costs determined for Alternatives 6 & 7 to provide a basis of comparison against the other alternatives. 
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4.0 AFFECTED ENVIRONMENT 
4.1 Introduction 

Information relative to existing environmental conditions in the project areas is provided in this 
section. The project area for each alternative includes the pipe corridor, raw water intake, pump 
station(s), and proposed water treatment plant (WTP), if applicable. The potential exists for 
minor modifications to the project footprint during later phases of design. Additionally, the 
selection of a final WTP site will not be completed until formal design of the project, and will be 
based upon actual availability and suitability of land at the time of project design.  As such, 
specific identification or selection of a preferred site cannot be made at this time, and each of 
the potential sites have been evaluated as part of this EIS. 

For all alternatives, the affected environment was assessed for a pipe corridor width that would 
accommodate slight adjustments in the alignment during the design phase. Where feasible, 
quantitative evaluations of existing conditions were performed based on electronic and 
hardcopy data obtained from private, municipal, state, and federal entities. Elements that are 
common for all alternatives are discussed as a whole. Elements that differ between alternatives 
are discussed separately.  

In Sections 4 and 5, the descriptive nomenclature of the project alternatives has been modified 
to reduce the table column width and to facilitate discussion of multiple alternatives. The 
descriptive nomenclature and project alternative numbering scheme used in Sections 4 and 5 
are identified in Table 4-1.  

Although Table 4-1 includes Alternatives 9 and 10, these two alternatives are not discussed in 
detail in Sections 4 and 5. Alternative 9 does not include new infrastructure or require the use of 
any land outside of the existing treatment and transmission facilities. Alternative 10 is not 
permissible under current laws in the state of North Carolina. 
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Table 4-1 Project Alternatives Nomenclature Used in Sections 4 and 5 

Alternative Name Alternative 
Nomenclature Used 
in Sections 4 and 5 

Lake Tillery Intake (Partnership with Town of Norwood) – Alignment A 1A 
Lake Tillery Intake (Partnership with Town of Norwood) – Alignment B 1B 
Tuckertown Reservoir Intake (Partnership with City of Albemarle) 2A 
Narrows Reservoir (Badin Lake) Intake (Partnership with City of 
Albemarle) 

2B 

Blewett Falls Lake Intake (Partnership with Anson County) – Alignment A 3A 
Blewett Falls Lake Intake (Partnership with Anson County) – Alignment B 3B 
Pee Dee River Intake (Between Lake Tillery and Blewett Falls Lake) 4 
Rocky River Intake 5 
Catawba River Water Treatment Plant Expansion 6 
Water Purchase from Charlotte Water 7 
Groundwater 8 
Water Demand Management 9 1 

Direct Potable Reuse   10 2 

Wastewater Returns to Lake Tillery (Indirect Potable Reuse) 11 
No Action 12 / No Action 
WTP Area A WTP A 
Transmission line corridor from WTP Area A to WTP Area B, including 
WTP 

WTP B 

1 Alternative 9 is not assessed in detail in Sections 4 and 5 as the alternative does not require new infrastructure or 
the use of land outside of the existing treatment facilities.  
2  Alternative 10 is not assessed in detail in Sections 4 and 5 due to elimination from consideration on legal grounds. 
 
Anticipated areas of construction associated with pump stations, access roads, intake structures 
and low-head dam, areas associated with WTP sites, and easement widths associated with the 
pipe corridors were used to quantify existing conditions and the affected environment. For all 
alternatives with the exception of Alternative 3B, the assessed width of the corridor is 100 feet 
on each side of the proposed alignment. The assessed corridor for Alternative 3B extends 100 
feet outward from the edge of pavement of U.S. 74 where the corridor follows U.S. 74 and 100 
feet on each side of the proposed alignment for portions thereof not located along U.S. 74. 
Alternative WTP A consists of the half-mile radius circle associated with WTP A. Alternative 
WTP B consists of the pipe corridor between WTP Area A and WTP Area B and the half-mile 
radius circle associated with the WTP B facility. Alternative WTP C consists of the pipe corridor 
between WTP Area A and WTP Area C and the half-mile radius circle associated with the WTP 
C facility.  

Table 4-2 provides the metrics used for the analysis (i.e., corridor length and acreage) specific 
to each alternative. The well field associated with Alternative 8 consists of 28,300 acres. 
Implementation of Alternative 8 will not require development of the entire 28,300 acre area; 
however, the location and size of the infrastructure associated with each individual well is not 
known at this time. Unless otherwise noted, quantifications provided for Alternative 8 include the 
resources located within the entire well field site. The components of each alternative are 
illustrated on Figure 3-1. 
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Table 4-2 Project Length and Area per Alternative Used in Quantitative Analysis of Affected Environment 

Alternative Pipe 
Corridor 
Length, 
miles 

Access 
Road 

Length, 
feet 1 

Pipeline 
Corridor 

Area, 
acres 

Pump 
Station 
Area, 
acres 

Access 
Road 
Area, 

acres 1 

WTP 
Area, 
acres 

Other 
Infrastructure, 

acres 2 

Total 
Project 
Area, 
acres 

1A 23.7 ---- 551.3 0.4 ---- ---- <0.1 551.8 
1B 25.9 ---- 623.2 0.4 ---- ---- <0.1 623.7 
2A 34.5 ---- 757.9 0.3 ---- ---- <0.1 758.3 
2B 34.9 250 782.3 0.4 0.1 ---- <0.1 782.9 
3A 29.7 ---- 709.0 0.4 ---- ---- <0.1 709.5 
3B 30.3 ---- 672.1 0.4 ---- 502.6 <0.1 1,175.2 
4 20.6 ---- 480.7 0.4 ---- ---- <0.1 481.2 
5 2.9 450 65.3 0.4 0.1 ---- 0.3 66.1 
6 25.7 ---- 576.1 ---- 4 ---- 4 ---- ---- 576.1 4 
7 5.7 ---- 137.8 ---- 4 ---- 4 ---- ---- 137.8 4 
8   6.9 3    ---- 4  167.3 3 ---- 4 ---- 4 502.6    ---- 4 669.9 4 

11 44.8 ---- 1,064.7 ---- 4 ---- 4 ---- <0.1 1,064.8 4 
WTP A ---- ---- ---- ---- ---- 502.6 ---- 502.6 
WTP B 7.3 ---- 167.4 ---- ---- 502.6 ---- 670.0 
WTP C 6.1 ---- 149.3 ---- ---- 502.6 ---- 651.9 

1 Metrics are not included if the access road is located in a transmission line corridor. 
2 Other infrastructure includes intake structures, discharge structures, and low-head dam project areas.  
3 Length and area shown for pipe corridor represents only the segment of pipe required to connect the nearest edge 
of the well field to the proposed WTP. Additional pipe corridor is required within the well field to collect groundwater 
from the wells and convey it to northeastern edge of the well field. 

4 Additional assessment and design are required to quantify the access road, pump station, and additional 
infrastructure associated with this alternative. 

4.2 Topography and Geology 

The project areas are situated in the Piedmont physiographic province. The geography of the 
Piedmont physiographic province consists of gently rolling hills and low ridges underlain by 
Proterozoic and Paleozoic metamorphic and intrusive igneous rocks. The project areas are 
underlain by metamorphic, intrusive, and sedimentary rocks associated with Carolina Slate Belt, 
Charlotte and Milton Belts, Coastal Plain, and Triassic Basin (NCDENR, 2007; SCDNR, 2005) . 

Union County is primarily underlain by metasedimentary rocks, specifically argillite. The rock is 
a compact rock that has been consolidated under pressure to a greater degree than its parent 
rock, which may be mudstone or shale. Argillite lacks the cleavage of slate and is less likely to 
be split or fractured than shale. Locally, beds of mudstone, shale, thinly laminated siltstone, 
conglomerate, and felsic volcanic rock may occur within the argillite formation.  

The project areas are located on the New London, Frog Pond, Albemarle, Morrow Mountain, 
Midland, Stanfield, Oakboro, Aquadale, Mount Gilead West, Bakers, Watson, Polkton, 
Ansonville, Mangum, Waxhaw, Monroe, Wingate, Marshville, Russellville, Wadesboro, Lilesville, 
Tradesville, and Pageland, North Carolina and Catawba NE and Van Wyck, South Carolina 
United States Geological Survey (USGS) 7.5-minute Topographic Quadrangle Maps as 
illustrated in Figure 4-1. Elevations in the project areas range from approximately 175 feet 
above mean sea level (msl) to 770 feet msl. The minimum and maximum elevations within the 
project areas of each alternative are summarized in Table 4-3. 
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Table 4-3 Elevations per Alternative 

Alternative Minimum and Maximum Elevations, feet msl 

1A 255 to 550 
1B 275 to 645 
2A 315 to 770 
2B 315 to 750 
3A 175 to 550 
3B 175 to 525 
4 190 to 550 
5 315 to 528 
6 525 to 770 
7 495 to 745 
8 460 to 725 

11 260 to 592 
WTP A 465 to 560 
WTP B 502 to 585 
WTP C 457 to 575 

 

4.3 Soils 

The published soil survey for each county and the Natural Resources Conservation Service 
(NRCS) Web Soil Survey contain general and detailed information relative to the soils 
underlying Anson, Lancaster, Mecklenburg, Stanly, and Union counties (USDA, 2005; USDA, 
1973; USDA, 1973; USDA, 1980; USDA, 1989; USDA, 1996,respectively). Across the five 
counties, the general soil types are separated into forty-four (44) soil associations based on 
landscape position and underlying geology or parent material (USDA, 1973; USDA, 1980; 
USDA, 1989; USDA, 1996; USDA, 2005). The soil associations that underlie the study areas of 
the proposed alternatives are described in Table 4-4.  

Soil associations are divided into soil mapping units, which allow for detailed descriptions of the 
soils and the properties thereof at a specific location. The detailed soil types, or soil-mapping 
units, are delineated, mapped, and described by NRCS and available through the Web Soil 
Survey (USDA, 2014). One hundred thirteen (113) soil types are present within the project 
areas. Due to the alternatives being in geologically similar locations within the landscape, the 
soil types are common for most of the alternatives. The soils present within the project areas are 
depicted on Figure 4-2 and provided in Table 4-5 (USDA, 2014). 
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Table 4-4 Soil Associations per Alternative 

Soil 
Association 

Alternative(s) Slope Depth Drainage Subsoil/Parent Material (PM) County 

Ailey-Emporia-
Candor 3a, 3b nearly level to 

strong very deep well drained 
sandy or loamy subsoil/ loamy, 

clayey, and sandy marine 
sediment PM 

Anson 

Badin-Cid-
Goldston-

Tatum 

1a, 1b, 2a, 2b, 
3a, 3b, 4, 5, 6, 
7, 8, 11, WTP 

A, WTP B, 
WTP C 

nearly level to 
steep 

shallow to 
deep 

excessively to 
somewhat poorly 

drained 

loamy or clayey subsoil/ Carolina 
slate PM Union 

Badin-Goldston 1a, 1b, 2a, 2b, 
11 

undulating to 
steep 

shallow to 
moderately 

deep 
well drained loamy to clayey subsoil/ Carolina 

slate residuum PM Stanly 

Badin-Tarrus-
Nanford 4 gentle to strong moderately 

deep to deep well drained 
clayey subsoil/ Carolina Slate Belt 

argilite, schist, and other fine-
grained rock PM 

Anson 

Cecil 7 gentle to strong very deep well drained clayey subsoil/ acid igneous and 
metamorphic rock PM Mecklenburg 

Cecil-Appling 6 gentle to strong very deep well drained clayey subsoil/ felsic crystalline 
rock PM Union 

Cecil-Davidson 6 gentle to strong deep well drained clay subsoil Lancaster 
Chewacla-
Shellbluff-
Riverview 

3a, 3b, 4 nearly level very deep well to somewhat 
poorly drained 

loamy subsoil/ recent alluvial 
sediment PM Anson 

Cid-Badin-
Goldston 3b, 6, 7, 8, 11 nearly level to 

steep 

shallow to 
moderately 

deep 

excessively to 
somewhat poorly 

drained 

loamy or clayey subsoil/ Carolina 
slate PM Union 

Enon 1a, 1b, 11 undulating to 
hilly very deep well drained plastic clayey subsoil/ mixed acid 

and basic rock PM Stanly 

Georgeville-
Goldston-
Lignum 

7 gentle to strong shallow to 
very deep 

well to 
moderately well 

drained 

clayey or loamy subsoil/ fine-
grained schist or slate PM Mecklenburg 

Goldston-Badin 3a, 3b, 4, 
WTP C gentle to steep 

shallow to 
moderately 

deep 
well drained 

loamy or clayey subsoil/ Carolina 
Slate Belt argilite and other fine-

grained rock PM 
Anson 
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Soil 
Association 

Alternative(s) Slope Depth Drainage Subsoil/Parent Material (PM) County 

Goldston-
Badin-Cid 

1a, 1b, 2a, 2b, 
3a, 3b, 4, 5, 8, 

11, WTP A 

nearly level to 
steep 

shallow to 
moderately 

deep 

excessively to 
somewhat poorly 

drained 

loamy or clayey subsoil/ Carolina 
slate PM Union 

Mayodan-
Polkton-White 

Store 
3a, 3b gentle to 

moderate 
moderately to 

very deep 

well to 
moderately well 

drained 

clayey subsoil/ Triassic siltstone, 
sandstone, shale, and mudstone 

PM 
Anson 

Misenheimer-
Kirksey-Badin 

1a, 1b, 2a, 2b, 
11 

nearly level to 
gentle 

shallow to 
deep 

somewhat poorly 
to well drained 

loamy to clayey subsoil/ fine-
grained metavolcanic and 
metasedimentary rock and 

Carolina slate PM 

Stanly 

Pacolet 3a, 3b gentle to steep very deep well drained loamy or clayey subsoil/ 
porphyritic granite PM Anson 

Pinoka-
Mayodan 3a, 3b gentle to 

moderate 
moderately to 

very deep well drained 
loamy or clayey subsoil/ 

sandstone, mudstone, siltstone, 
conglomerate, or shale PM 

Anson 

Tatum 6, 8, WTP B gentle to steep deep well drained clayey subsoil/ Carolina slate PM Union 
Tatum-Badin-
Georgeville 1b, 2a, 2b gentle to rolling moderately to 

very deep well drained clayey subsoil/ Carolina slate 
residuum PM Stanly 

Tatum 
(eroded)-Badin-

Georgeville 
(eroded) 

1a, 1b, 11 gentle to steep moderately to 
very deep well drained clayey subsoil/ Carolina slate 

residuum PM Stanly 

Tetotum-
Hornsboro-
McQueen 

4 nearly level to 
strong very deep well to somewhat 

poorly drained 
loamy or clayey subsoil/ alluvium 

PM Anson 

Uwharrie-
Hiwassee-

Tatum 
2a, 2b gentle to very 

steep 
deep to very 

deep well drained 

clayey subsoil/ fine-grained 
metamorphic or igneous 

pyroclastic rock or felsic and 
mafic rock PM 

Stanly 
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Table 4-5 Soil Series per Alternative, Acres 

Soil Series Alternative 
1A 1B 2A 2B 3A 3B 4 5 6 7 81 11 WTP A WTP B WTP C 

Ailey-Appling 
complex, 2 to 
8 percent slopes 

---- ---- ---- ---- ---- ---- ---- ---- 63 ---- ---- ---- ---- ---- ---- 

Ailey-Appling 
complex, 8 to 
15 percent slopes, 
bouldery 

---- ---- ---- ---- ---- ---- ---- ---- 2 ---- ---- ---- ---- ---- ---- 

Ailey loamy sand, 
2 to 8 percent 
slopes 

---- ---- ---- ---- ---- 9 ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Appling fine sandy 
loam, 2 to 6 
percent slopes, 
eroded 

---- ---- ---- ---- ---- ---- ---- ---- 51 ---- ---- ---- ---- ---- ---- 

Appling fine sandy 
loam, 6 to 10 
percent slopes, 
eroded 

---- ---- ---- ---- ---- ---- ---- ---- 4 ---- ---- ---- ---- ---- ---- 

Appling fine sandy 
loam, 10 to 
15 percent slopes, 
eroded 

---- ---- ---- ---- ---- ---- ---- ---- 0.8 ---- ---- ---- ---- ---- ---- 

Appling sandy 
loam, 2 to 8 
percent slopes 

---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 230 ---- ---- ---- ---- 

Appling sandy 
loam, 8 to 15 
percent slopes 

---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 17 ---- ---- ---- ---- 

Badin channery silt 
loam, 2 to 8 
percent slopes 

144 89 114 116 75 15 148 33 17 16 9,913 247 46 56 38 

Badin channery silt 
loam, 8 to 15 
percent slopes 

38 36 55 70 27 10 58 ---- ---- 1 1,416 80 219 ---- 11 
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Soil Series Alternative 
1A 1B 2A 2B 3A 3B 4 5 6 7 81 11 WTP A WTP B WTP C 

Badin channery silt 
loam, 15 to 
45 percent slopes 

4 3 9 7 ---- ---- ---- ---- ---- ---- ---- 5 ---- ---- ---- 

Badin channery 
silty clay loam, 2 to 
8 percent slopes, 
moderately eroded 

1 1 1 1 19 0.4 19 1 26 12 3,001 94 53 8 21 

Badin channery 
silty clay loam, 8 to 
15 percent slopes, 
moderately eroded 

---- ---- ---- ---- ---- ---- ---- ---- 3 ---- 477 4 7 ---- ---- 

Badin-Goldston 
complex, 2 to 
8 percent slopes 

---- ---- ---- ---- 8 ---- 0.3 ---- ---- ---- ---- ---- ---- ---- ---- 

Badin-Goldston 
complex, 8 to 
15 percent slopes 

---- ---- ---- ---- 2 ---- 6 ---- ---- ---- ---- ---- ---- ---- ---- 

Badin-Goldston 
complex, 15 to 
25 percent slopes 

---- ---- ---- ---- 1 11 15 ---- ---- ---- ---- ---- ---- ---- ---- 

Badin-Urban land 
complex, 2 to 
8 percent slopes 

---- 14 73 73 ---- ---- ---- ---- 5 3 97 19 3 ---- ---- 

Badin-Urban land 
complex, 8 to 
25 percent slopes 

---- 16 14 10 ---- ---- ---- ---- ---- ---- ---- 1 ---- 5 8 

Candor sand, 1 to 
8 percent slopes ---- ---- ---- ---- ---- 7 ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Cecil clay loam, 2 
to 6 percent slopes, 
severely eroded 

---- ---- ---- ---- ---- ---- ---- ---- 5 ---- ---- ---- ---- ---- ---- 

Cecil clay loam, 6 
to 10 percent 
slopes, severely 
eroded 

---- ---- ---- ---- ---- ---- ---- ---- 16 ---- ---- ---- ---- ---- ---- 
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Soil Series Alternative 
1A 1B 2A 2B 3A 3B 4 5 6 7 81 11 WTP A WTP B WTP C 

Cecil clay loam, 10 
to 25 percent 
slopes, severely 
eroded 

---- ---- ---- ---- ---- ---- ---- ---- 17 ---- ---- ---- ---- ---- ---- 

Cecil fine sandy 
loam, 2 to 
6 percent slopes, 
eroded 

---- ---- ---- ---- ---- ---- ---- ---- 21 ---- ---- ---- ---- ---- ---- 

Cecil fine sandy 
loam, 6 to 
10 percent slopes, 
eroded 

---- ---- ---- ---- ---- ---- ---- ---- 5 ---- ---- ---- ---- ---- ---- 

Cecil fine sandy 
loam, 15 to 
25 percent slopes, 
eroded 

---- ---- ---- ---- ---- ---- ---- ---- 3 ---- ---- ---- ---- ---- ---- 

Cecil gravelly 
sandy clay loam, 2 
to 8 percent slopes, 
moderately eroded 

---- ---- ---- ---- ---- ---- ---- ---- 85 ---- ---- ---- ---- ---- ---- 

Cecil sandy clay 
loam, 2 to 
8 percent slopes, 
moderately eroded 

---- ---- ---- ---- ---- ---- ---- ---- ---- 18 ---- ---- ---- ---- ---- 

Cecil sandy clay 
loam, 8 to 
15 percent slopes, 
moderately eroded 

---- ---- ---- ---- ---- ---- ---- ---- ---- 0.1 ---- ---- ---- ---- ---- 

Chenneby silt loam, 
0 to 2 percent 
slopes, frequently 
flooded 

---- 3 2 2 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Chewacla silt loam, 
0 to 2 percent 
slopes, frequently 
flooded 

0.4 1 1 1 73 14 15 1 2 4 1,957 8 ---- ---- 2 

141 



Union County Public Works | Environmental Impact Statement 
AFFECTED ENVIRONMENT  

 

Soil Series Alternative 
1A 1B 2A 2B 3A 3B 4 5 6 7 81 11 WTP A WTP B WTP C 

Chewacla and 
Chastain soils, 0 to 
2 percent slopes, 
frequently flooded 

---- ---- ---- ---- ---- 23 ---- ---- 2 ---- ---- ---- ---- ---- ---- 

Cid channery silt 
loam, 1 to 5 
percent slopes 

---- ---- ---- ---- ---- ---- 4 9 70 35 14,87
3 68 ---- ---- ---- 

Cid channery silt 
loam, 1 to 
5 percent slopes 

9 9 9 9 4 18 ---- ---- ---- ---- ---- ---- ---- 66 13 

Claycreek fine 
sandy loam, 0 to 
2 percent slopes 

---- ---- ---- ---- ---- 15 ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Congaree fine 
sandy loam, 0 to 
2 percent slopes, 
frequently flooded 

1 1 1 ---- ---- ---- ---- 0.1 ---- ---- ---- 1 ---- ---- ---- 

Creedmoor fine 
sandy loam, 2 to 
8 percent slopes 

---- ---- ---- ---- 24 31 ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Emporia loamy 
sand, 2 to 6 
percent slopes 

---- ---- ---- ---- ---- 34 ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Enon cobbly loam, 
2 to 8 percent 
slopes 

17 6 19 14 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Enon very cobbly 
loam, 4 to 
15 percent slopes, 
very stony 

---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 2 ---- ---- ---- 

Enon cobbly loam, 
8 to 15 percent 
slopes 

0.2 4 2 1 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Enon very cobbly 
loam, 4 to 
15 percent slopes, 
very stony 

6 6 ---- 15 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 
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Soil Series Alternative 
1A 1B 2A 2B 3A 3B 4 5 6 7 81 11 WTP A WTP B WTP C 

Enon very cobbly 
loam, 15 to 
25 percent slopes, 
very stony 

2 6 ---- ---- ---- ---- ---- ---- ---- ---- ---- 8 ---- ---- ---- 

Fuquay loamy 
sand, 0 to 3 
percent slopes 

---- ---- ---- ---- ---- 14 ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Georgeville silt 
loam, 4 to 
15 percent slopes, 
extremely bouldery 

0.1 4 2 1 ---- ---- ---- ---- ---- ---- ---- 0.1 ---- ---- ---- 

Georgeville silt 
loam, 15 to 
45 percent slopes, 
extremely bouldery 

---- 5 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Georgeville silty 
clay loam, 2 to 
8 percent slopes, 
moderately eroded 

---- ---- 5 ---- ---- ---- ---- ---- 16 4 ---- ---- ---- ---- ---- 

Georgeville silty 
clay loam, 8 to 
15 percent slopes, 
moderately eroded 

---- ---- ---- ---- ---- ---- ---- ---- ---- 0.3 ---- ---- ---- ---- ---- 

Goldston channery 
silt loam, 2 to 
8 percent slopes 

---- ---- ---- ---- 34 31 38 ---- ---- ---- ---- ---- ---- ---- ---- 

Goldston channery 
silt loam, 8 to 
15 percent slopes 

---- ---- ---- ---- 43 7 14 ---- ---- ---- ---- ---- ---- ---- ---- 

Goldston channery 
silt loam, 15 to 
25 percent slopes 

---- ---- ---- ---- 18 ---- 10 ---- ---- ---- ---- ---- ---- ---- ---- 

Goldston channery 
silt loam, 25 to 
45 percent slopes 

---- ---- ---- ---- 23 1 ---- ---- ---- ---- ---- ---- ---- ---- ---- 
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Soil Series Alternative 
1A 1B 2A 2B 3A 3B 4 5 6 7 81 11 WTP A WTP B WTP C 

Goldston very 
channery silt loam, 
2 to 8 percent 
slopes 

---- ---- ---- ---- ---- ---- ---- ---- ---- 0.1 ---- ---- ---- ---- ---- 

Goldston very 
channery silt loam, 
8 to 15 percent 
slopes 

---- ---- ---- ---- ---- ---- ---- ---- ---- 1 ---- ---- ---- ---- ---- 

Goldston very 
channery silt loam, 
4 to 15 percent 
slopes 

87 129 148 169 6 40 6 ---- ---- ---- 743 100 31 ---- 5 

Goldston very 
channery silt loam, 
15 to 45 percent 
slopes 

40 44 16 16 ---- 7 ---- 1 ---- ---- 69 49 ---- ---- ---- 

Goldston-Badin 
complex, 2 to 
8 percent slopes 

4 4 4 4 50 10 50 4 26 16 6,585 57 134 10 22 

Goldston-Badin 
complex, 8 to 
15 percent slopes 

7 7 7 7 4 ---- 4 7 3 2 1,103 25 ---- ---- 2 

Goldston-Badin 
complex, 15 to 
45 percent slopes 

8 8 8 8 ---- ---- ---- 8 ---- ---- 163 10 ---- ---- 2 

Hiwassee gravelly 
loam, 2 to 
8 percent slopes 

2 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Hiwassee gravelly 
loam, 8 to 
15 percent slopes 

---- ---- 3 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Hiwassee clay 
loam, 2 to 
8 percent slopes, 
moderately eroded 

---- ---- ---- ---- ---- ---- 7 ---- ---- ---- ---- ---- ---- ---- ---- 
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Soil Series Alternative 
1A 1B 2A 2B 3A 3B 4 5 6 7 81 11 WTP A WTP B WTP C 

Hiwassee clay 
loam, 8 to 
15 percent slopes, 
moderately eroded 

---- ---- ---- ---- ---- ---- 1 ---- ---- ---- ---- ---- ---- ---- ---- 

Hiwassee gravelly 
loam, 2 to 
8 percent slopes 

---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 2 ---- ---- ---- 

Hornsboro silt 
loam, 0 to 
2 percent slopes, 
rarely flooded 

---- ---- ---- ---- 8 0.3 ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Iredell fine sandy 
loam, 1 to 
6 percent slopes 

---- ---- ---- ---- 3 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Kirksey silt loam, 0 
to 6 percent slopes 49 40 19 32 ---- ---- ---- ---- ---- ---- ---- 54 ---- ---- ---- 

Lignum gravelly silt 
loam, 2 to 
8 percent slopes 

---- ---- ---- ---- ---- ---- ---- ---- ---- 6 ---- ---- ---- ---- ---- 

Lillington gravelly 
sandy loam, 2 to 
8 percent slopes 

---- ---- ---- ---- 6 9 ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Lillington gravelly 
sandy loam, 8 to 
15 percent slopes 

---- ---- ---- ---- 6 7 ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Lloyd gravelly 
loam, 2 to 8 
percent slopes 

---- ---- 16 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Lloyd gravelly 
loam, 8 to 15 
percent slopes 

---- ---- 19 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Masada and 
Altavista soils, 2 to 
6 percent slopes 

---- ---- ---- ---- ---- ---- ---- ---- 2 ---- ---- ---- ---- ---- ---- 

Mayodan fine 
sandy loam, 2 to 
8 percent slopes 

---- ---- ---- ---- 23 33 ---- ---- ---- ---- ---- ---- ---- ---- ---- 
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Soil Series Alternative 
1A 1B 2A 2B 3A 3B 4 5 6 7 81 11 WTP A WTP B WTP C 

Mayodan fine 
sandy loam, 8 to 
15 percent slopes 

---- ---- ---- ---- ---- 0.2 ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Mayodan gravelly 
sandy loam, 2 to 
8 percent slopes 

---- ---- ---- ---- 2 42 20 ---- ---- ---- ---- ---- ---- ---- ---- 

Mayodan gravelly 
sandy loam, 8 to 
15 percent slopes 

---- ---- ---- ---- 4 39 ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Mayodan-Urban 
land complex, 4 to 
10 percent slopes 

---- ---- ---- ---- ---- 67 ---- ---- ---- ---- ---- ---- ---- ---- ---- 

McQueen loam, 1 
to 6 percent slopes ---- ---- ---- ---- 1 2 ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Mecklenburg fine 
sandy loam, 10 to 
15 percent slopes, 
eroded 

---- ---- ---- ---- ---- ---- ---- ---- 1 ---- ---- ---- ---- ---- ---- 

Mecklenburg sandy 
clay loam, 2 to 
8 percent slopes, 
moderately eroded 

---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 7 ---- ---- ---- ---- 

Misenheimer 
channery silt loam, 
0 to 4 percent 
slopes 

39 86 40 48 ---- ---- ---- ---- ---- ---- ---- 39 10 ---- ---- 

Misenheimer-
Callison complex, 
0 to 3 percent 
slopes 

---- ---- ---- ---- ---- 0.1 12 ---- ---- ---- ---- ---- ---- 0.1 5 

Misenheimer-Cid 
complex, 0 to 
3 percent slopes 

---- ---- ---- ---- 4 1 4 ---- ---- 2 1,010 12 ---- ---- ---- 

Monacan loam, 0 to 
2 percent slopes, 
frequently flooded 

---- ---- ---- ---- ---- ---- ---- ---- ---- 1 ---- ---- ---- ---- ---- 
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Soil Series Alternative 
1A 1B 2A 2B 3A 3B 4 5 6 7 81 11 WTP A WTP B WTP C 

Oakboro silt loam, 
0 to 2 percent 
slopes, frequently 
flooded 

16 41 21 16 ---- ---- ---- ---- ---- ---- ---- 23 ---- ---- ---- 

Pacolet gravelly 
sandy loam, 2 to 
8 percent slopes 

---- ---- ---- ---- 2 31 ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Pacolet gravelly 
sandy loam, 8 to 
15 percent slopes 

---- ---- ---- ---- 19 26 ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Pacolet gravelly 
sandy loam, 15 to 
25 percent slopes 

---- ---- ---- ---- 18 12 ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Pacolet gravelly 
sandy loam, 25 to 
45 percent slopes 

---- ---- ---- ---- 39 11 ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Pelion loamy sand, 
1 to 4 percent 
slopes 

---- ---- ---- ---- ---- 4 ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Pinoka-Carbonton 
complex, 2 to 
8 percent slopes 

---- ---- ---- ---- 35 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Pinoka fine sandy 
loam, 8 to 
15 percent slopes 

---- ---- ---- ---- 51 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Pinoka fine sandy 
loam, 15 to 
30 percent slopes 

---- ---- ---- ---- 5 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Polkton-White 
Store complex, 2 to 
8 percent slopes, 
severely eroded 

---- ---- ---- ---- ---- 33 ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Roanoke loam, 0 to 
2 percent slopes, 
rarely flooded 

---- ---- ---- ---- 4 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 
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Soil Series Alternative 
1A 1B 2A 2B 3A 3B 4 5 6 7 81 11 WTP A WTP B WTP C 

Secrest-Cid 
complex, 0 to 
3 percent slopes 

---- ---- ---- ---- ---- ---- ---- ---- 4 2 1,068 ---- ---- ---- ---- 

Shellbluff loam, 0 to 
2 percent slopes, 
occasionally 
flooded 

---- ---- ---- ---- 0.1 ---- 9 ---- ---- ---- ---- ---- ---- ---- ---- 

State fine sandy 
loam, 0 to 
2 percent slopes, 
rarely flooded 

---- ---- ---- ---- 4 2 ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Tarrus channery silt 
loam, 2 to 
8 percent slopes 

21 13 79 74 ---- ---- ---- ---- ---- ---- ---- 41 ---- ---- ---- 

Tarrus channery silt 
loam, 8 to 
15 percent slopes 

0.3 3.3 14 ---- ---- ---- ---- ---- ---- ---- ---- 0.3 ---- ---- ---- 

Tarrus channery 
silty clay loam, 2 to 
8 percent slopes, 
moderately eroded 

5 10 14 1 ---- ---- ---- ---- ---- ---- ---- 47 ---- ---- ---- 

Tarrus channery 
silty clay loam, 8 to 
15 percent slopes, 
moderately eroded 

---- ---- 4 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Tarrus gravelly silt 
loam, 2 to 
8 percent slopes 

---- ---- ---- ---- 5 ---- 69 ---- ---- 2 4,346 16 ---- 15 12 

Tarrus gravelly silt 
loam, 8 to 
15 percent slopes 

---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 515 ---- ---- ---- ---- 

Tarrus gravelly silty 
clay loam, 2 to 
8 percent slopes, 
moderately eroded 

---- ---- ---- ---- ---- ---- ---- ---- 102 13 4,832 3 ---- 17 16 
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Soil Series Alternative 
1A 1B 2A 2B 3A 3B 4 5 6 7 81 11 WTP A WTP B WTP C 

Tarrus gravelly silty 
clay loam, 8 to 
15 percent slopes, 
moderately eroded 

---- ---- ---- ---- ---- ---- ---- ---- 2 ---- 164 ---- ---- ---- 0.1 

Tarrus-Georgeville 
complex, 8 to 
15 percent slopes 

---- ---- ---- ---- ---- ---- 6 ---- ---- ---- ---- ---- ---- ---- ---- 

Tarrus-Urban land 
complex, 2 to 
8 percent slopes 

---- ---- ---- ---- ---- ---- ---- ---- 5 ---- 40 24 ---- ---- ---- 

Tarrus-Urban land 
complex, 2 to 
8 percent slopes 

21 27 23 76 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Tillery silt loam, 0 
to 3 percent slopes ---- ---- ---- ---- 11 1 4 ---- ---- ---- ---- ---- ---- ---- ---- 

Udorthents, loamy ---- 4 1 ---- ---- ---- ---- ---- 4 ---- ---- ---- ---- ---- ---- 
Udorthents, loamy, 
0 to 15 percent 
slopes 

---- ---- ---- ---- 17 40 ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Urban land 3 3 8 8 ---- ---- ---- ---- ---- ---- ---- 3 ---- ---- ---- 
Wagram sand, 2 to 
6 percent slopes ---- ---- ---- ---- ---- ---- ---- ---- 4 ---- ---- ---- ---- ---- 1 

Wedowee sandy 
loam, 10 to 
25 percent slopes, 
eroded 

---- ---- ---- ---- ---- ---- ---- ---- 1 ---- ---- ---- ---- ---- ---- 

Wehadkee and 
Chewacla soils ---- ---- ---- ---- ---- ---- ---- ---- 3 ---- ---- ---- ---- ---- ---- 

White Store fine 
sandy loam, 2 to 
8 percent slopes, 
moderately eroded 

---- ---- ---- ---- 28 20 ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Wickham sandy 
loam, 2 to 6 
percent slopes, 
eroded 

---- ---- ---- ---- ---- ---- ---- ---- 1 ---- ---- ---- ---- ---- ---- 
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Soil Series Alternative 
1A 1B 2A 2B 3A 3B 4 5 6 7 81 11 WTP A WTP B WTP C 

Wilkes sandy loam, 
2 to 6 percent 
slopes, eroded 

---- ---- ---- ---- ---- ---- ---- ---- 4 ---- ---- ---- ---- ---- ---- 

Wynott gravelly 
loam, 2 to 8 
percent slopes 

---- ---- ---- ---- ---- ---- ---- ---- 2 ---- 632 ---- ---- ---- ---- 

Wynott gravelly 
loam, 8 to 
15 percent slopes 

---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 15 ---- ---- ---- ---- 

Wynott loam, 2 to 
8 percent slopes ---- ---- ---- ---- 3 ---- 1 ---- ---- ---- ---- ---- ---- ---- ---- 
1 Alternative 8 includes all soils mapped in pipe corridor and well field area. Soils indicated for Alternative 8 are not specific to the soils that will be impacted if the 
alternative is selected and implemented. 
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4.4 Land Use 

Land use defines a community’s physical form and function and provides a framework for all 
infrastructure-related decisions, including transportation, economic development, public utilities, 
community facilities, parks, and environmental protection. Land Use Plans or other planning 
documents have been prepared to guide growth and development in the municipalities and 
counties within the project areas. Examples of these land use planning programs include Land 
Use Plans, Comprehensive Plans, and Zoning Ordinances which are described below and 
explained in further detail in Section 6. 

4.4.1 Zoning 

The zoning information presented herein is compiled from zoning classifications by the Towns of 
New London, Norwood, Ansonville, Wadesboro, Peachland, Fairview, Monroe, Mineral Springs, 
Mint Hill, and Waxhaw as well as Union, Stanly, and Anson counties, North Carolina and 
Lancaster County, South Carolina (Stanly County, 2013); North Carolina Department of 
Commerce, Division of Community Assistance 2008 (NC Department of Commerce , 2008); 
Anson County GIS Department 2014 (Anson County, 2014); Centralina Council of Governments 
2006 (Town of Fairview, 2006); Town of Monroe 2008 (Town of Monroe, 2008); Town of Mineral 
Springs 2008 (Town of Mineral Springs, 2008); Mint Hill Planning Department 2011 (Town of 
Mint Hill, 2011); Town of Waxhaw Planning Department 2008 (Town of Waxhaw, 2008); Union 
County GIS Department 2010 (Union County, 2010); Stanly County Planning Department 2002 ; 
Anson County Planning and Zoning Department 2014 (Anson County, 2014) ; Lancaster County 
Planning Department 2013 (Lancaster County, 2013).  Mapping of zoning districts is presented 
in Appendix E, CD-1. A discussion of the zoning classifications within the study area is provided 
herein. Quantification of zoning districts for each alternative is not provided as some areas 
traversed by the proposed alternatives are not zoned and zoning data is not available 
electronically for all jurisdictions. 

The proposed raw water transmission corridor alternatives cross fourteen municipal and four 
county zoning jurisdictions. The primary zoning classifications associated with the corridor 
alternatives include residential, commercial, industrial, and agricultural. Additional zoning 
classifications representing smaller portions of the corridor alternatives include office and 
apartments, manufacturing, institutional, special use and conditional, public and semi-public 
lands, wooded and undeveloped areas, and parks, recreation, and open space districts. The 
proposed WTP Site Alternatives are situated in areas that are zoned as low-density residential.  

4.4.2 Land Use Plans 

Land Use Plans or other similar planning documents have been developed and approved by 
several municipalities and counties in which a portion of the project is located. Some of the 
planning documents provide a general goal or set of goals for each land use type or zoning 
district in the jurisdiction, while others provide greater detail, including policies and strategies for 
achieving the land use goals as well as maps depicting the areas of the jurisdiction’s purview to 
be targeted for each development or preservation type. Common elements of the land use 
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planning frameworks include the encouragement of well-planned growth while providing 
economic development, public facilities and services, intergovernmental coordination and 
cooperation, housing and neighborhoods, and transportation and protecting agriculture, open 
space, and environmental resources. Anson, Lancaster, Stanly, and Union County along with 
the municipalities of Waxhaw, Mineral Springs, Wesley Chapel, Marvin, Weddington, Indian 
Trail, Stallings, Hemby Bridge, Lake Park, Fairview, Unionville, Wingate, Norwood, Ansonville, 
New London, Wadesboro, and Peachland all have adopted a land use planning framework. The 
specifics of the land use planning programs in the communities within the project area are 
described in Section 6. 

4.4.3 Existing Land Use 

The evaluation of existing land use is typically based on the information and mapping provided 
in the local government’s Land Use Plan. However, for the proposed project area, limited data 
on the existing land uses within the proposed project footprints is available from the local 
municipalities and counties through published or publicly available mapping, or other 
documentation. While several jurisdictions provide an existing land use map, they are at a scale 
that is difficult to accurately assess existing land uses in specific project corridors. Therefore, 
the existing land use for the project areas is described in general terms and is based on a 
combination of the published land use mapping, where available, and aerial photography. 

Where available and usable relative to the proposed project, published land use data was 
evaluated as the primary source of information, supplemented by aerial photography. Analysis 
of land use was performed using GIS to correlate the project areas with the aerial photography. 
Areas used for agricultural purposes were identified as were areas developed for residential, 
industrial, and commercial uses. Undeveloped, wooded areas may include areas that are used 
for timberland, open space, and riparian buffers and those that are simply undeveloped. 

4.4.3.1 COMMON ELEMENTS OF ALTERNATIVES 1A AND 1B 

Alternatives 1A and 1B will require the acquisition of utility easement on property that is not 
owned by Stanly County, Union County, or the Towns of Norwood and Oakboro. The amount of 
easement needed varies per alternative. The pipe corridors associated with these two 
alternatives will follow North Carolina Department of Transportation (NCDOT) roadways and 
may be located within the right-of-way thereof. Existing land uses associated with the proposed 
pipe corridors for the two alternatives are predominantly woodlands and agricultural with small 
areas of residential and public/semi-public lands. Alternative 1A also traverses a large industrial 
parcel. 

4.4.3.2 COMMON ELEMENTS OF ALTERNATIVES 2A AND 2B 

Alternatives 2A and 2B will require the acquisition of utility easement on property that is not 
owned by Stanly County, Union County, or the Towns of Albemarle and New London. The 
amount of easement needed varies per alternative. The pipe corridors associated with these 
two alternatives will follow NCDOT roadways for the majority of their length and may be located 
in the right-of-way thereof. In addition to the roadway, the areas within and abutting the pipe 
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corridor associated with Alternatives 2A and 2B are predominantly woodlands and agricultural 
lands with some small areas of residential development and public/semi-public lands. 

4.4.3.3 ALTERNATIVE 3A 

Alternative 3A primarily follows an existing overhead utility easement. Additional utility easement 
width along the existing easement may be necessary, and new utility easement along the 
remainder of the pipe corridor will be needed. The amount of easement necessary is unknown 
at this time. Areas associated with Alternative 3A that are located outside the utility easement 
include woodlands, agriculture, and roadways. Small pockets of residential and institutional 
development are also present within the pipe corridor for this alternative.  

4.4.3.4 ALTERNATIVE 3B 

The pipe corridor of Alternative 3B primarily follows the U.S. 74 corridor. Within the pipe 
corridor, land uses include woodlands; agricultural areas; and institutional, residential, and 
commercial development. Institutional developments in the pipe corridor are schools and a 
WTP. Acquisition of utility easement will be required under Alternative 3B. As there are existing 
buried utility lines along some of the same length of U.S. 74 as the proposed corridor, the area 
of new utility easement that would be needed is unknown at this time. The central and northern 
portions of the proposed WTP facility area are dominated by woods. Agriculture dominates the 
southern and eastern portions of the proposed WTP facility area and is present in the northern 
portion thereof. 

4.4.3.5 ALTERNATIVE 4  

The pipe corridor of Alternative 4 follows existing roadways along the majority of its length and 
is dominated by agricultural areas and woodlands. Residential development is also present 
within the pipe corridor. Utility easement acquisition will be required for Alternative 4.  

4.4.3.6 ALTERNATIVE 5  

The pipe corridor of Alternative 5 follows an existing roadway that is abutted by agriculture and 
residences with a few pockets of woods. Acquisition of utility easement is expected to be 
necessary for the pipe corridor and associated infrastructure. Existing easements may be 
present in the footprint of Alternative 5; therefore, easement acquisition areas are not known at 
this time.  

4.4.3.7 ALTERNATIVE 6  

Alternative 6 begins within the existing Catawba WTP in Lancaster County, South Carolina and 
follows roadway corridors to its terminus in Monroe, North Carolina. The pipe corridor will follow 
an existing utility easement. Acquisition of additional easement may be required to 
accommodate the proposed pipe. The lands adjacent to the roadway and within the proposed 
pipe corridor include woodlands and areas that are in use for agricultural and residential 
purposes with pockets of commercial and industrial development.  
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4.4.3.8 ALTERNATIVE 7  

Alternative 7 includes only a pipe corridor, which originates in Mint Hill, North Carolina and 
extends into Fairview, North Carolina, connecting two existing water distribution mains. The 
alternative follows a roadway corridor that is abutted by woodlands, residential development, 
and agricultural lands as well as a small area of recreational use. Acquisition of utility easement 
is expected to be required for the proposed alternative. 

4.4.3.9 ALTERNATIVE 8 

Alternative 8 includes the proposed groundwater well field, pipe corridor connecting the well 
field to the proposed WTP D facility, and the WTP D facility area. The well field vicinity includes 
properties with inhabited structures, including residences, commercial buildings, and industrial 
or institutional facilities. However, the properties that contain taxable structures are not included 
in the footprint of the proposed well field and are therefore not included in the discussion of land 
use for the alternative. Land use in the well field is agricultural and forested/undeveloped. The 
pipe corridor includes agricultural, residential, and undeveloped areas, and the WTP site is 
primarily wooded and agricultural with a few residences. 

4.4.3.10 ALTERNATIVE 11  

Alternative 11 follows existing roads from the City of Monroe WWTP to Lake Tillery at the NC 
27/NC 24 bridge. The proposed pipe corridor is partially located within existing NCDOT rights-
of-way. Other land uses within the proposed pipe corridor are predominantly agricultural and 
residential. Wooded areas are common within the corridor, and institutional and commercial 
uses are present in small pockets. One large industrial parcel is traversed by Alternative 11. 
Acquisition of utility easement is expected to be required for the alternative. The pump station 
required for the alternative will be located within the existing City of Monroe WWTP site. 

4.4.3.11 ALTERNATIVE WTP A 

The proposed WTP A facility area is predominantly agricultural with several wooded areas and 
a few residences. WTP A is located in unincorporated Union County. Acquisition of property for 
the proposed WTP will be necessary if WTP Site A is implemented. 

4.4.3.12 ALTERNATIVE WTP B 

Alternative WTP B corridor follows existing roadways, and the corridor is abutted by woodlands, 
residential development, and agricultural lands. Acquisition of utility easement is expected to be 
required for the proposed alternative. The southern-most portion of the pipe corridor and the 
WTP B area is located in Unionville. The WTP B facility area consists of several residences, 
agricultural areas, and forested areas. 
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4.4.3.13 ALTERNATIVE WTP C 

The Alternative WTP C pipe corridor follows existing roadways and is dominated by agricultural 
areas and woodlands. Residential development is also present within the pipe corridor. Utility 
easement acquisition will be required for the WTP C corridor. The proposed WTP C facility area 
contains numerous residences, several agricultural areas, and some wooded areas. 

4.4.4 Land Cover 

Land cover describes the type of vegetation and the intensity of the development of an area. 
Primary classes of land cover include forested areas, agricultural lands, and developed cover. 
The primary classes are further divided into specific types, which may be defined by the 
vegetative composition of a forested or herbaceous area, the specific agricultural use, or the 
intensity of the development or improvement. For the purposes of this project, land cover was 
analyzed at the primary classification level. Land cover in the project areas, excluding the well 
field area, is summarized in Table 4-6 and illustrated in Figure 4-3.  

Table 4-6 Land Cover in Project Area 

Project 
Component Alternative(s) 

Undeveloped, 
Wooded, % Agricultural Use, % Developed, % 

Pipe Corridor 

1A 27 28 45 
1B 31 28 41 
2A 22 21 58 
2B 20 19 61 
3A 36 25 38 
3B 37 7 57 
4 35 35 30 
5 21 33 46 
6 35 11 54 
7 23 24 54 
8 1 18 58 24 
11 22 29 49 

WTP B 27 32 41 
WTP C 31 33 36 

Pump Station 

1A and 1B ---- ---- 100 
2A 25 ---- 75 
2B 100 ---- ---- 

3A and 3B 100 ---- ---- 
4 ---- 100 ---- 
5 ---- ---- 100 
11 ---- ---- 100 

Access Road 2 
2B 85 ---- 15 

3A and 3B 100 ---- ---- 
5 ---- ---- 

100 

Water 
Treatment 
Plant 

WTP A 30 69 1 
3B and 8 (WTP D) 96 4 ---- 
6 (Catawba WTP) 40 ---- 60 

WTP B 65 33 1 
WTP C 26 73 1 

See table notes next page 
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1 Land cover for pipe corridor represents only the segment of pipe required to connect the nearest edge of the well 
field to the proposed WTP. Additional pipe corridor is required within the well field to collect groundwater from the 
wells and convey it to northeastern edge of the well field. 

2 Land cover associated with access roads located within the pipe corridor are included in the pipe corridor 
calculations. 

4.5 Public Lands and Scenic, Recreational, and State Natural 
Areas 

Federal, state, county, and municipal-owned lands, parks, and scenic and recreational areas 
located throughout the project area are described herein. Areas designated by the DENR Office 
of Conservation, Planning and Community Affairs, Natural Heritage Program (NHP) as 
significant natural heritage areas (SNHAs) are also discussed in this section. SNHAs may be on 
public or private land and their designation as a natural area by NHP does not confer protection. 
The South Carolina Department of Natural Resources (SCDNR) manages public lands through 
a Wildlife Management Area (WMA) program and a Heritage Trust Program. Additional 
recreational opportunities are provided by the rivers and reservoirs present in the project areas. 

A summary of the public lands and scenic, recreational, and state natural areas within or in 
proximity to the project area is provided in Table 4-7 and illustrated in Figure 4-4. Quantification 
of public lands in the project area is provided in Table 4-8. The information depicted on 
Figure 4-4 and provided in the tables was obtained from data downloaded from the NC OneMap 
(www.nconemap.com), SCDNR websites, and other readily available sources. 

Table 4-7 Summary of Public Lands and Scenic, Recreational, and State Areas Natural by Alternative 

Name Description 
Alternative 1A: 
Bike Routes o 5.3 miles of corridor is located within designated bike route areas  

o Transmission corridor crosses one bike route 
SNHAs o Long Creek Slate Slopes is traversed by corridor 

o New Salem Branch is traversed by the corridor and access road 
o Baucom Bluff is approximately 385 feet west of corridor 

Other Recreational 
Areas 

o The raw water intake is located in Lake Tillery 
o The pipe corridor crosses Rocky River 

Alternative 1B: 
Bike Routes o 0.3 mile of corridor is located within designated bike route areas 

o Transmission corridor crosses bike routes five times 
SNHAs  o Transmission corridor crosses Big Bear Creek Aquatic Habitat twice 

o New Salem Branch is traversed by corridor and access road 
o Baucom Bluff is approximately 385 feet west of corridor 

Conservation Lands o Corridor traverses Oakboro Community Park II 
Other Recreational 
Areas 

o The raw water intake is located in Lake Tillery 
o The pipe corridor crosses Rocky River 

Alternative 2A: 
Bike Routes o 14 miles of corridor is located within designated bike route areas 
SNHAs o Big Bear Creek Aquatic Habitat is crossed by the corridor twice 

o New Salem Branch is traversed by the corridor 
o Baucom Bluff is approximately 385 feet west of corridor 

State Owned Lands o State owned land is located approximately 90 feet west of corridor 
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Name Description 
Other Recreational 
Areas 

o The raw water intake is located in Narrows Reservoir (Badin Lake) 
o The pipe corridor crosses Rocky River 

Alternative 2B: 
Bike Routes o 14 miles of corridor is located within designated bike route areas 
SNHAs o New London Ridges is traversed by corridor 

o Corridor crosses Big Bear Creek Aquatic Habitat twice 
o New Salem Branch is traversed by the corridor 
o Baucom Bluff is approximately 385 feet west of corridor 

State Owned Lands o State owned land is located approximately 90 feet west of corridor 
Other Recreational 
Areas 

o The raw water intake is located in Tuckertown Reservoir 
o The pipe corridor crosses Rocky River 

Alternative 3A: 
SNHAs o Upper Brown Creek Swamp is traversed by the corridor 

o Fish Road Basic Forest is located approximately 600 feet north of 
corridor 

o Deep Bottom Branch Bluffs is located approximately 500 feet north 
of corridor 

State Game Lands o The pump station is located within the Pee Dee River State Game 
Land, which is privately owned 

o Pee Dee River State Game Land is traversed by the corridor and 
access road 

Other Recreational 
Areas 

o The raw water intake is located in Blewett Falls Lake 

Alternative 3B: 
SNHAs o Upper Brown Creek Swamp is traversed by the corridor 
State Owned Lands o Anson Correctional Center and Highway Patrol Station is traversed 

by the corridor 
State Game Lands o The pump station is located within the Pee Dee River State Game 

Land, which is privately owned 
o Pee Dee River State Game Land is traversed by the corridor and 

access road 
Other Recreational 
Areas 

o The raw water intake is located in Blewett Falls Lake 

Alternative 4: 
SNHAs o The raw water intake is located in the Middle Pee Dee River Aquatic 

Habitat  
o Fish Road Basic Forest is located approximately 600 feet north of 

the corridor 
Other Recreational 
Areas 

o The raw water intake is located in the Pee Dee River 

Alternative 5: 
SNHAs o New Salem Branch is traversed by the corridor 

o Most of the access road and a portion of the pump station are 
located in New Salem Branch 

Other Recreational 
Areas 

o The low-head dam and raw water intake are located in Rocky River 

Alternative 6: 
SNHAs o Andrew Jackson Ridges is located approximately 575 feet south of 

corridor 
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Name Description 
Conservation Lands o Catawba Land Conservancy parcel abuts corridor 
Other Recreational 
Areas 

o The raw water intake is located in Catawba River 

Alternative 7: 
Bike Routes o The entire corridor is located within a designated bike route area 

o The corridor crosses two bike routes 
SNHAs o Goose Creek Aquatic Habitat is traversed by corridor 
Conservation 
Easements 

o A portion of a Union County Conservation Easement is located 
within the corridor 

Alternative 8: 
SNHAs o A portion of Lanes Creek Aquatic Habitat is located in the 

southeastern portion of the well field area 
Conservation 
Easements 

o Catawba Land Conservancy parcel abuts access road 
o Three North Carolina Ecosystem Enhancement Program easements 

are located within the well field area 
Alternative 11: 
Bike Routes  o 10.6 miles of corridor is located within designated bike route areas 
SNHAs o Long Creek Slate Slopes is traversed by the project corridor 

o Polk Mountain is traversed by the project corridor 
o New Salem Branch is traversed by the project corridor 
o River Haven Ridge is located approximately 35 feet south of the 

corridor 
o Dennis Road Ridge is located approximately 190 feet west of the 

corridor 
o Baucom Bluff is located approximately 385 feet west of the corridor 

Conservation Lands o Lake Tillery Access is located approximately 400 feet east of the 
corridor 

Other Recreational 
Areas 

o The treated effluent discharge is located in Lake Tillery 
o The pipe corridor crosses Rocky River 

WTP A:   
 o None Present 
WTP B: 
 o None Present 
WTP C: 
 o None Present 
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Table 4-8 Quantification Summary of Public Lands by Alternative, Acres 

 Parks Open Space Significant Natural 
Heritage Areas1 

Other Public 
Lands 

Alternative 1A ---- ---- 7.2 ---- 
Alternative 1B 0.9 ---- 5.6 ---- 
Alternative 2A ---- ---- 5.6 ---- 
Alternative 2B ---- ---- 9.4 ---- 
Alternative 3A ---- ---- 41.0 6.0 
Alternative 3B ---- ---- 5.7 10.6 
Alternative 4 ---- ---- 0.5 ---- 
Alternative 5 ---- ---- 5.5 ---- 
Alternative 6 ---- ---- ---- ---- 
Alternative 7 ---- 0.4 0.2 ---- 
Alternative 8 ---- 33.7 7.7 ---- 
Alternative 11 ---- ---- 8.4 ---- 
WTP A ---- ---- ---- ---- 
WTP B ---- ---- ---- ---- 
WTP C ---- ---- ---- ---- 
1 SNHAs designation does not confer protection. 

4.6 Prime or Unique Agricultural Lands 

The Federal Farmland Protection Policy Act requires state agencies to minimize the loss of 
prime agricultural land. Areas denoted as prime agricultural land by the United States 
Department of Agriculture (USDA) NRCS are present in the project areas. Per the NRCS Web 
Soil Survey, a detailed quantification of the acreage of prime agricultural lands within the 
alternative footprints is presented in Table 4-9 and depicted on Figure 4-5 (USDA, 2014). 
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Table 4-9 Prime Agricultural Land Soils, Acres 

Soil Series Alternative 
1A 1B 2A 2B 3A 3B 4 5 6 7 81 11 WTP A WTP B WTP C 

Appling fine sandy 
loam, 2 to 6 percent 
slopes, eroded 

---- ---- ---- ---- ---- ---- ---- ---- 51 ---- ---- ---- ---- ---- ---- 

Appling sandy loam, 
2 to 8 percent slopes ---- ---- ---- ---- ---- ---- ---- ----  ---- 230 ---- ---- ---- ---- 
Cecil fine sandy 
loam, 2 to 6 percent 
slopes, eroded 

---- ---- ---- ---- ---- ---- ---- ---- 21 ---- ---- ---- ---- ---- ---- 

Cecil gravelly sandy 
clay loam, 2 to 
8 percent slopes, 
moderately eroded 

---- ---- ---- ---- ---- ---- ---- ---- 85 ---- ---- ---- ---- ---- ---- 

Cecil sandy clay 
loam, 2 to 8 percent 
slopes, moderately 
eroded 

---- ---- ---- ---- ---- ---- ---- ---- ---- 18 ---- ---- ---- ---- ---- 

Cecil sandy clay 
loam, 8 to 15 percent 
slopes, moderately 
eroded 

---- ---- ---- ---- ---- ---- ---- ---- ---- 0.1 ---- ---- ---- ---- ---- 

Chenneby silt loam, 
0 to 2 percent 
slopes, frequently 
flooded 

---- 3 2 2 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Chewacla silt loam, 
0 to 2 percent 
slopes, frequently 
flooded 

0.4 1 1 1 73 14 15 1 2 4 1,957 8 ---- ---- 2 

Chewacla soils ---- ---- ---- ---- ---- ---- ---- ---- 2 ---- ---- ---- ---- ---- ---- 
Claycreek fine sandy 
loam, 0 to 2 percent 
slopes 

---- ---- ---- ---- ---- 15 ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Congaree fine sandy 
loam, 0 to 2 percent 
slopes, frequently 
flooded 

1 1 1 ---- ---- ---- ---- 0.1 ---- ---- ---- 1 ---- ---- ---- 

Creedmoor fine 
sandy loam, 2 to 
8 percent slopes 

---- ---- ---- ---- 24 31 ---- ---- ---- ---- ---- ---- ---- ---- ---- 
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Soil Series Alternative 
1A 1B 2A 2B 3A 3B 4 5 6 7 81 11 WTP A WTP B WTP C 

Emporia loamy sand, 
2 to 6 percent slopes ---- ---- ---- ---- ---- 34 ---- ---- ---- ---- ---- ---- ---- ---- ---- 
Georgeville silty clay 
loam, 2 to 8 percent 
slopes, moderately 
eroded 

---- ---- 5 ---- ---- ---- ---- ---- 16 4 ---- ---- ---- ---- ---- 

Hiwassee clay loam, 
2 to 8 percent 
slopes, moderately 
eroded 

---- ---- ---- ---- ---- ---- 7 ---- ---- ---- ---- ---- ---- ---- ---- 

Hiwassee gravelly 
loam, 2 to 8 percent 
slopes 

2 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 2 ---- ---- ---- 

Kirksey silt loam, 0 
to 6 percent slopes 49 40 19 21 ---- ---- ---- ---- ---- ---- ---- 54 ---- ---- ---- 
Lloyd gravelly loam, 
2 to 8 percent slopes ---- ---- 16 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 
Masada and 
Altavista soils, 2 to 
6 percent slopes 

---- ---- ---- ---- ---- ---- ---- ---- 2 ---- ---- ---- ---- ---- ---- 

Mayodan fine sandy 
loam, 2 to 8 percent 
slopes 

---- ---- ---- ---- 23 33 ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Mayodan gravelly 
sandy loam, 2 to 8 
percent slopes 

---- ---- ---- ---- 2 42 20 ---- ---- ---- ---- ---- ---- ---- ---- 

McQueen loam, 1 to 
6 percent slopes ---- ---- ---- ---- 1 2 ---- ---- ---- ---- ---- ---- ---- ---- ---- 
Mecklenburg sandy 
clay loam, 2 to 
8 percent slopes, 
moderately eroded 

---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 7 ---- ---- ---- ---- 

Monacan loam, 0 to 
2 percent slopes, 
frequently flooded 

---- ---- ---- ---- ---- ---- ---- ---- ---- 1 ---- ---- ---- ---- ---- 

Oakboro silt loam, 0 
to 2 percent slopes, 
frequently flooded 

16 41 21 16 ---- ---- ---- ---- ---- ---- ---- 23 ---- ---- ---- 

Pacolet gravelly 
sandy loam, 2 to 
8 percent slopes 

---- ---- ---- ---- 2 31 ---- ---- ---- ---- ---- ---- ---- ---- ---- 
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Soil Series Alternative 
1A 1B 2A 2B 3A 3B 4 5 6 7 81 11 WTP A WTP B WTP C 

Pelion loamy sand, 1 
to 4 percent slopes ---- ---- ---- ---- ---- 4  ---- ---- ---- ---- ---- ---- ---- ---- 
Shellbluff loam, 0 to 
2 percent slopes, 
occasionally flooded 

---- ---- ---- ---- 0.1 ---- 9 ---- ---- ---- ---- ---- ---- ---- ---- 

State fine sandy 
loam, 0 to 2 percent 
slopes, rarely 
flooded 

---- ---- ---- ---- 4 2 ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Tarrus channery silt 
loam, 2 to 8 percent 
slopes 

21 13 79 74 ---- ---- ---- ---- ---- ---- ---- 41 ---- ---- ---- 

Tarrus channery silty 
clay loam, 2 to 8 
percent slopes, 
moderately eroded 

5 10 14 1 ---- ---- ---- ---- ---- ---- ---- 18 ---- ---- ---- 

Tarrus gravelly silt 
loam, 2 to 8 percent 
slopes 

---- ---- ---- ---- 5 ---- 29 ---- ---- 2 4,346 16 ---- ---- 8 

Tarrus gravelly silty 
clay loam, 2 to 8 
percent slopes, 
moderately eroded 

---- ---- ---- ---- ---- ---- ---- ---- 102 13 4,832 3 ---- 10 3 

Tillery silt loam, 0 to 
3 percent slopes ---- ---- ---- ---- 11 1 4 ---- ---- ---- ---- ---- ---- ---- ---- 
Wickham sandy 
loam, 2 to 6 percent 
slopes, eroded 

---- ---- ---- ---- ---- ---- ---- ---- 1 ---- ---- ---- ---- ---- ---- 
1  Alternative 8 includes all prime agricultural land mapped in pipe corridor and well field area. Prime agricultural land indicated for Alternative 8 are not specific to 
the areas that will be impacted if the alternative is selected and implemented. 
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4.7 Areas of Archaeological or Historic Value 

Authorized under the National Historic Preservation Act of 1966, the National Register of 
Historic Places (NRHP) houses the formal repository of information pertaining to historic 
structures and districts worth preservation. A database search of the National Register did not 
indicate any currently listed structures or historic districts present within the alternative 
alignments (NPS, 2014)). Table 4-10 includes a list of National Register listed, determined 
eligible, and potentially eligible historic resources/properties identified near the proposed project 
alignments according to the information available from the North Carolina State Historic 
Preservation Office GIS Service (HPOWEB) (SHPO, 2014). Properties designated as “Surveyed 
Only” (SO) and those noted as “Gone” or “Replaced” (a bridge designation) in the database are 
not included in Table 4-10. SHPO’s scoping letter response along with subsequent coordination 
correspondence is provided in Appendix D. 

Table 4-10 Historic Resources 

Alternatives Name of Resource County National Register 
Listing Status 

Site ID 

1A, 1B, 11 Norwood Commercial Historic 
District 

Stanly Study List ST0531 

1A, 1B, 11 Norwood Railroad Complex Stanly Blockface ST0538 
1A, 1B, 11 Efrid-Skidmore House Stanly Study List ST0512 
1A, 11 Cottonville Crossroads Stanly Surveyed Area ST0323 
2A Carter House (The Farmhouse) Stanly Study List ST0199 
2B C.V. Ritchie House Stanly Study List ST0254 
2B Culp Bungalow Stanly Study List ST0209 
3B Wadesboro Downtown Historic 

District 
Anson Listed AN0554 

3B Polkton Historic District Anson Determined Eligible AN0575 
4 Bridge Anson Determined Eligible AN---- 
6 Broom Cotton Gin Union Study List UN0066 
7 Long House Union Determined Eligible UN0217 
7 Uriah Tilden Belk House Union Study List UN0038 
1A, 1B, 2A, 2B, 
3A, 4, 5, WTP B  

Marshall Baucom House and 
Stores Union Study List UN0025 

8 Faulks Baptist Church and 
Cemetery 

Union Study List UN0117 

8 James Bivens House Union Study List UN0052 
8 James Austin House Union Study List UN0012 
11 James B. Garrison Bridge Stanly Determined Eligible ST0688 
 

In correspondence received on February 12, 2015, the NC State Historic Preservation Office 
stated they will await review of a preferred alternative before issuing comments detailing the 
need for an archaeological investigation (Appendix D). Future coordination with the Office of 
State Archaeology will occur with the review of a preferred alternative. 
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4.8 Air Quality 

The U.S. Environmental Protection Agency (EPA) uses the Air Quality Index (AQI) to report 
ambient air quality conditions with ratings of good, moderate, unhealthy for sensitive groups, 
and unhealthy. AQI incorporates five criteria pollutants – ozone, particulate matter, carbon 
monoxide, sulfur dioxide, and nitrogen dioxide – into one index. The EPA has strengthened 
many of its National Ambient Air Quality Standards (NAAQS) in the past few years, and the 
latest changes were made in December 2012 to the standards for fine particle pollution and the 
AQI index value breakpoints (EPA, 2014c). 

The North Carolina Division of Air Quality (DAQ) monitors compliance with the NAAQS. There 
are six air quality monitoring sites located in Mecklenburg County and one monitoring site 
located in Monroe, Union County. The other counties within the study area (Stanly and Anson 
Counties, NC and Lancaster County, SC) do not have air quality monitoring sites. According to 
the AQI during 2009 thru 2013, Union County recorded an AQI of “moderate” or better 99 
percent of the recorded days (EPA, 2014b). The AQI data from 2009 to 2013 indicated air 
quality reached unhealthy levels for sensitive groups five days out of the past five years, and 
one day was recorded at an unhealthy level for the same time period (Table 4-11). Mecklenburg 
County over the same period recorded AQI as “moderate” or better 98 percent of the recorded 
days with 44 days reaching unhealthy levels for sensitive groups and one day recorded as 
unhealthy (Table 4-12). 

Table 4-11 Union County Air Quality Index 

Year 1 Number of Recorded Days (Percent of Recorded Days) 

Good Moderate Unhealthy for Sensitive Groups Unhealthy 

2009 191 (89) 23 (11) 1 (0) 0 (0) 
2010 177 (80) 45 (20) 0 (0) 0 (0) 
2011 170 (80) 41 (19) 2 (1) 0 (0) 
2012 188 (88) 23 (11) 2 (1) 1 (0) 
2013 200 (97) 7 (3) 0 (0) 0 (0) 

1 The 2014 data was not included, as it will be finalized in 2015. 

Table 4-12 Mecklenburg County Air Quality Index 

Year 1 Number of Recorded Days (Percent of Recorded Days) 

Good Moderate Unhealthy for Sensitive Groups Unhealthy 

2009 204 (56) 157 (43) 4 (1) 0 (0) 
2010 167 (46) 183 (50) 14 (4) 1 (0) 
2011 186 (51) 162 (44) 17 (5) 0 (0) 
2012 239 (65) 118 (32) 9 (2) 0 (0) 
2013 282 (77) 83 (23) 0 (0) 0 (0) 

1 The 2014 data was not included, as it will be finalized in 2015. 
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According to the annual AQI plots by air pollutants, the main air pollutant responsible for 
“unhealthy for sensitive groups” and “unhealthy” days in Union County is ozone (O3). O3 is 
created by chemical reactions between oxides of nitrogen (NOx) and volatile organic 
compounds (VOC) in the presence of sunlight. Emissions from industrial facilities, electric 
utilities, motor vehicle exhaust, gasoline vapors, and chemical solvents are major sources of 
NOx and VOC. O3 and fine particulate matter (PM2.5) are also a main pollutant noted in 
Mecklenburg County. Sources of PM2.5 include all types of combustion activities (motor vehicles, 
power plants, wood burning, etc.) and certain industrial processes. 

EPA implements the NAAQS, as required by the Clean Air Act, by designating areas of the 
country as “attainment” or “nonattainment” areas for each of the criteria pollutants. Currently, 
Mecklenburg County and portions of Union County are included in the Charlotte-Rock Hill, NC-
SC ozone nonattainment area, as shown on Figure 4-6 (EPA, 2014a). The area was designated 
marginal nonattainment for the 2008 8-hour ozone NAAQS by the EPA on July 20, 2012; 
however, this area is considered to be in attainment/maintenance for the 1997 Ozone Standards 
(NCDENR, 2014d). Portions of the project area associated with Alternatives 3B, 6, 7, 8, 11, 
WTP B, WTP C and WTP D are located within the nonattainment area. The remaining areas 
within the study area are considered as attainment or unclassified areas (NCDENR, 2014d). 

4.9 Noise Levels 

Noise is subject to the federal Noise Control Act of 1972 (PL-92-574) and Quiet Communities 
Act of 1978 (PL-95-6009), which require standards of compliance and recommend approaches 
to abate stationary noise sources such as airports, highways, and industrial facilities. Elevated 
noise levels have been documented as negatively affecting human health and welfare as well 
as wildlife behavior. Thus, federal, state and local governments have established noise 
standards and guidelines to protect citizens from potential hearing damage and various other 
adverse physiological and social effects associated with noise.   

Noise levels are measured in terms of the A-weighted decibel [dB(A)] and are measured 
through a sound level meter having characteristics defined by the American National Standards 
Institute (ANSI). The majority of the study area is located in a low-density residential area and 
complies with noise standards. Current noise levels within the study area are considered part of 
the ambient noise levels for the area. The existing sources of noise pollution of the study area 
include traffic along the roadways and other ambient day-to-day noise representative of the 
residential, forested, recreational, and agricultural land uses within the rural areas of the project 
area. Within the more developed areas of the project area, increased noise occurs due to 
additional facilities, industries, and roadways. 

4.10 Floodways and 100-Year Floodplains 

The Federal Emergency Management Agency (FEMA) designates areas as 100-year 
floodplains and floodways. The designated areas are classified collectively as Special Flood 
Hazard Areas (SFHAs). As construction, disturbance, and development restrictions vary 
between the 100-year floodplain and the floodway, each designation is discussed separately 
herein. Table 4-13 and Figure 4-7 present information relative to the designations for each 
alternative corridor.   
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Six alternative corridors encroach on the designated floodways in the project area.  Alternatives 
2A and 2B cross the floodways associated with Long Creek and Town Creek. Alternative 2A 
also crosses the floodway of Little Long Creek. Alternative 3B traverses the floodways of Lanes 
Creek, Brown Creek, an unnamed tributary (UT) to Brown Creek, and Little Brown Creek. 
Alternative 6 crosses the floodway associated with Bearskin Creek, and Alternative 7 crosses 
the Goose Creek floodway. Alternative 11 traverses the floodway along Meadow Branch. 

Alternatives 1A, 1B, 3A, 3B, and 4 include a proposed raw water intake located on the Pee Dee 
River or a reservoir thereon. A new raw water intake is proposed on a reservoir of the Yadkin 
River as part of Alternatives 2A and 2B and on the Rocky River as part of Alternative 5. The raw 
water intake structures associated with these alternatives have not been sited precisely; 
however, the intake structures are expected to be located within the 100-year floodplain 
associated with the Pee Dee, Yadkin, or Rocky River, respectively. Alternatives 6 and 7 do not 
include a new raw water intake but do traverse streams along which 100-year floodplains have 
been mapped by FEMA.   

The proposed pump stations for Alternatives 1A, 1B, and 2B are not proposed to be located in a 
mapped 100-year floodplain. The Alternative 2A, 3A, 3B, 4, and 5 pump stations are sited in a 
100-year floodplain area. No raw water pump station is proposed to be located within a 
floodway. The locations for the pump stations that may be required for Alternatives 6, 7, 8, and 
11 have not been determined.  

The areas associated with the proposed WTPs under Alternatives WTP A, WTP B, and WTP C 
do not contain any mapped floodway or 100-year floodplain areas. The proposed WTP D facility 
area includes a small portion of the 100-year floodplain associated with Lick Branch. Portions of 
each of the corridor alternatives, except the WTP B corridor, are located in floodways or 
100-year floodplains designated by FEMA.   

FEMA has assigned Base Flood Elevations (BFEs) for the 100-year floodplains traversed by the 
project areas. The BFEs along the Yadkin and Pee Dee Rivers range from 189 feet msl on 
Blewett Falls Lake to 565 feet msl on Tuckertown Reservoir. The highest BFEs along the 
proposed corridors are located adjacent to Alternative 6 and are 634 feet msl along Dry Fork, a 
tributary to Bearskin Creek, which feeds Richardson Creek near Monroe. 
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Table 4-13 Floodways and 100-Year Floodplains per Alternative, Acres 

 Alternative Pipe 
Corridor 

Pump 
Station 

Access 
Road 1 

Other 
Infrastructure 2 

Water 
Treatment 

Plant 3 

Total per 
Alternative 

Floodway 1A ---- ---- ---- ---- ---- ---- 
1B ---- ---- ---- ---- ---- ---- 
2A 1.6 ---- ---- ---- ---- 1.6 
2B 1.0 ---- ---- ---- ---- 1.0 
3A ---- ---- ---- ---- ---- ---- 
3B 6.7 ---- ---- ---- ---- 6.7 
4 ---- ---- ---- ---- ---- ---- 
5 ---- ---- ---- ---- ---- ---- 
6 0.6 ---- ---- ---- ---- 0.6 
7 0.2 ---- ---- ---- ---- 0.2 

  8 4 ---- ---- ---- ---- ---- ---- 
11 0.6 ---- ---- ---- ---- 0.6 

WTP B ---- ---- ---- ---- ---- ---- 
WTP C ---- ---- ---- ---- ---- ---- 

100-Year 
Floodplain 

1A 13.5 0.1 ---- <0.1 ---- 13.6 
1B 32.2 0.1 ---- <0.1 ---- 32.3 
2A 21.2 0.3 ---- <0.1 ---- 21.5 
2B 19.9 ---- ---- <0.1 ---- 19.9 
3A 86.9 1.6 0.4 <0.1 ---- 88.9 
3B 49.3 1.6 0.4 <0.1 ---- 51.3 
4 33.4 0.2 ---- <0.1 ---- 33.6 
5 1.7 0.4 0.1 0.2 ---- 2.4 
6 7.6 ---- ---- <0.1 ---- 7.6 
7 4.7 ---- ---- ---- ---- 4.7 

  8 5 0.2 ---- ---- ---- ---- 0.2 
11 28.1 ---- ---- <0.1 ---- 28.1 

WTP B ---- ---- ---- ---- ---- ---- 
WTP C 0.8 ---- ---- ---- ---- 0.8 

1 Floodways and floodplains associated with access roads located within the pipe corridor are included in the pipe corridor 
calculations. 

2 Other infrastructure includes intake structures, discharge structures, and low-head dam project areas.  
3 Impacts are not included for WTP sites since the location and footprint of the infrastructure is not known. 
4 No floodways are located within the Alternative 8 project area. 
5 Special flood hazard areas are present within the Alternative 8 project area; however, the location of infrastructure within 

the project area has not been determined. 
 

4.11 Wetlands 

Wetlands, as defined by federal regulations  [40 Code of Federal Regulations (CFR) 230.3(t)] 
and the N.C. Environmental Management Commission (EMC) rules (North Carolina Erosion and 
Sedimentation Control Administrative Code, 15A NCAC04B, 1989), are “…areas that are 
inundated or saturated by an accumulation of surface or groundwater at a frequency and 
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duration sufficient to support, and that under normal circumstances do support, a prevalence of 
vegetation typically adapted for life in saturated soil conditions.” The U.S. Army Corps of 
Engineers (USACE) requires the presence of three parameters (hydrophytic vegetation, hydric 
soils, and evidence of hydrology) in support of a jurisdictional wetland determination (USACE, 
1987). The boundary between wetlands and deepwater habitat is defined as the maximum 
depth where rooted emergent vegetation may be found. Rooted emergent vegetation is 
generally present at depths less than six feet below mean low water during the growing season.  

The United States Fish and Wildlife Service (USFWS) has mapped wetlands across the United 
States to create the National Wetland Inventory (NWI). NWI mapping depicts the type of 
wetland that is expected to occur in an area and has not been verified by onsite investigations. 
Delineation of wetlands within the proposed project areas have not been performed. Wetlands 
in the project areas were evaluated based on NWI mapping (Figure 4-8). Within the pipe 
corridors, wetland acreage varies from 0.01 acre in WTP B Alternative to 57.1 acres in 
Alternative 3A.  

Table 4-14 provides a summary of NWI wetlands by alternative. The wetland acreage provided 
for Alternative 8 includes all NWI wetlands in the pipe corridor, WTP facility area, and well field 
and is expected to be much higher than the acreage that would be impacted if the alternative is 
selected and implemented. 

In general, the dominant wetland type present within the transmission corridors is palustrine 
forested, broad-leaved deciduous, temporarily flooded (PFO1A) wetlands. Other wetland types 
represented in the project areas include palustrine, forested, broad-leaved deciduous and 
needle-leaved evergreen, temporarily flooded (PFO1/4A); palustrine, scrub-shrub, broad-leaved 
deciduous (PSS1); and palustrine, emergent, persistent (PEM1) wetlands. NWI mapping also 
includes rivers (R2UB), ponds (PAB, PUB, and PUS), and lakes (L1UB), which are discussed in 
greater detail in Section 4.12. 

The palustrine, forested and palustrine, scrub-shrub wetlands in the project corridors are 
typically associated with small to medium streams and are characterized by the presence and 
prevalence of woody vegetation. Palustrine, emergent wetlands are dominated by herbaceous 
plant species and may contain scattered shrubs or trees. The palustrine, emergent wetlands in 
the project corridors are primarily located adjacent to or in the floodplain area of small to 
medium streams. 
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Table 4-14 NWI Wetlands in Proposed Project Areas 

NWI Wetland Classification, acres 

Alternative L1UB1 PAB3/4 
2 

PEM1 3 PFO1/4 
4 

PSS1 5 PUB 6 PUS 7 R2UB 8 Total 

1A 0.2 ---- ---- ---- ---- 0.5 ---- 1.6 2.2 
1B ---- ---- ---- 8.2 ---- 2.7 ---- 1.1 12.0 
2A ---- ---- ---- 0.6 ---- 0.8 ---- 1.1 2.4 
2B 1.2 ---- ---- 0.6 ---- 0.8 ---- 1.1 3.6 
3A 0.2 ---- 2.7 48.0 4.8 1.3 ---- ---- 57.1 

3B 9 0.2 ---- <0.0 2.8 0.5 0.9 ---- ---- 4.4 
4 ---- ---- ---- ---- ---- 0.9 ---- 0.6 1.4 
5 ---- ---- ---- ---- ---- 0.1 ---- 0.9 1.0 
6 ---- ---- 0.1 0.5 ---- 1.7 ---- ---- 2.3 
7 ---- ---- ---- <0.0 ---- 0.2 ---- ---- 0.2 

8 10 153.5 2.6 21.1 234.2 12.8 515.4 6.6 ---- 946.3 
11 3.1 ---- ---- 1.1 ---- 1.2 ---- 1.6 6.9 

WTP A 9 ---- ---- ---- ---- ---- ---- ---- ---- ---- 
WTP B 9 ---- ---- ---- ---- ---- 0.01 ---- ---- 0.01 
WTP C 9 ---- ---- ---- ---- ---- 0.2 ---- ---- 0.2 

1  L1UB – Lacustrine, limnetic, unconsolidated bottom 
2   PAB3/4 – Palustrine, aquatic bed, rooted or floating vascular 
3  PEM1 – Palustrine, emergent, persistent 
4 PFO1/4 – Palustrine, forested, broad-leaved deciduous or needle-leaved evergreen  
5 PSS1 – Palustrine, scrub-shrub, broad-leaved deciduous  
6 PUB – Palustrine, unconsolidated bottom  
7 PUS – Palustrine, unconsolidated shore 
8 R2UB – Riverine, lower perennial, unconsolidated bottom 
9 Impacts are not included for WTP sites since the location and footprint of the infrastructure is not known. 
10 Alternative 8 includes all NWI wetlands mapped in pipe corridor and well field area. NWI wetlands indicated for 
Alternative 8 are not specific to the wetlands that will be impacted if the alternative is selected and implemented. 

4.12 Water Resources (Surface Water and Groundwater) 

4.12.1 Drainage Basins and Surface Water Supplies 

The project area is located in the Yadkin-Pee Dee and Catawba River basins. The USGS has 
mapped watersheds throughout the United States, assigning each watershed a Hydrologic Unit 
Code (HUC) and name. The project components are located within five USGS 8-digit HUC 
areas, including 03040103 (Lower Yadkin River), 03040104 (Upper Pee Dee River), 03040105 
(Rocky River), 03040201 (Lower Pee Dee River), and 03050103 (Lower Catawba). Some 
states, including North Carolina, also map river basins and subbasins to support the state’s 
water quality management efforts. The portions of the project located in North Carolina occur in 
Division of Water Resources (DWR) subbasins 03-07-08, 03-07-10, 03-07-12, 03-07-13, 03-07-
14, 03-07-16, 03-07-17, and 03-08-38. The subbasins are illustrated in Figure 4-9.  

The Catawba River basin originates in the Blue Ridge Mountains of North Carolina, flows 
through the western Piedmont of North Carolina, crosses the North Carolina-South Carolina 
border near Charlotte, and traverses South Carolina to feed the Santee River basin and empty 
into the Atlantic Ocean. The Catawba River basin is one of two sources of headwaters for the 
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Santee-Cooper River system. The project area is located in one USGS subbasin in the Catawba 
River basin.   

The Yadkin-Pee Dee River basin extends from the eastern slopes of the Blue Ridge Mountains 
near the North Carolina-Virginia border to the Atlantic Ocean off the South Carolina coast. The 
Yadkin River collects drainage off the mountains of North Carolina and flows southeast to join 
the Uwharrie River, forming the Pee Dee River. The Pee Dee River continues southeast into 
and across South Carolina, emptying into the Atlantic Ocean at Winyah Bay. The project area 
includes a portion of four USGS subbasins in the Yadkin-Pee Dee River basin. 

4.12.2 Surface Water Use Classifications 

DWR classifies surface waters of the state based on their existing or proposed uses. The 
primary classification system distinguishes the following three basic usage categories: waters 
used as a source of water supply for drinking, culinary, or food-processing purposes (Classes 
WS-I through WS-V), waters used for primary recreation (Class B), and Class C. Class C waters 
are protected for aquatic life propagation, survival, and maintenance of biological integrity 
(including fishing and fish), wildlife, secondary contact recreation, and agriculture. All 
freshwaters in the state of North Carolina have a minimum classification of Class C. 

Water supply surface water classifications are further classified into five categories based on the 
level of protection required for the water supply and the level of development in the watershed. 
Class WS-I waters offer the most protection to water supplies and are located in natural and 
undeveloped watersheds in public ownership. Class WS-II waters are located in predominantly 
underdeveloped watersheds where WS-I classification is not feasible. WS-III classification 
applies to water supply waters where WS-I and WS-II classification is not feasible and the 
watershed has low to moderate development. Class WS-IV waters are located in moderately to 
highly developed watersheds where WS-I through WS-III classification is not feasible. Class 
WS-V waters are generally upstream and draining to Class WS-IV waters, used by industry to 
supply their employees with drinking water, or waters formerly used as water supply. 

DWR assigns supplemental classifications to provide additional protection, management, or 
recognition of certain waters in the state. High Quality Waters (HQWs) and Outstanding 
Resource Waters (ORWs) are protected waters with excellent water quality. Waters needing 
additional nutrient management due to excessive growth of vegetation are classified as Nutrient 
Sensitive Waters (NSWs). Swamp waters (Sw) and trout waters (Tr) are also classified to 
recognize or protect the water’s specific characteristics. 

South Carolina Department of Health and Environmental Control (SCDHEC) classifies surface 
waters of the state using the following categories: Outstanding National Resource Waters 
(ONRW), ORW, trout waters (TN, TPGT, and TPT), freshwater (FW), shellfish harvesting waters 
(SFH), and tidal salt waters for recreation as well as crabbing and fishing (SA and SB). 

The majority of the surface waters in the North Carolina portion of the project area are classified 
as C. The reach of the Yadkin River including the lower portion of High Rock Lake and 
extending to Narrows Reservoir (Badin Lake) and two reaches of the Pee Dee River, from the 
mouth of the Uwharrie River to Norwood Dam and from 0.8 mile downstream of the mouth of 
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Savannah Creek to the Blewett Falls Dam, are designated water supply waters, WS-IV CA, as 
well as Class B waters. The downstream most reach of Jacobs Creek is designated as WS-IV, 
CA. Cedar Creek, Savannah Creek, Smith Creek, and a reach of Richardson Creek are 
designated water supply waters, WS-IV. The Pee Dee River from the Norwood Dam to the 
mouth of Turkey Top Creek is designated as water supply waters, WS-V, and Class B. The 
classified streams in the project area are listed in Table 4-15. In addition to the named streams, 
numerous UTs to the classified streams are located in the project area. A stream that is not 
specifically classified by DWR or DHEC is assumed to have the same classification as the 
stream into which it empties, unless that unnamed waterbody is in North Carolina and 
specifically described in a river basin classification schedule. 

Table 4-15 Surface Water Use Classifications in the Project Area  

Name Description Class 

Alternative 1A: 
Pee Dee River (including Lake Tillery 
below normal operating levels) 

From mouth of Uwharrie River to Norwood Dam WS-IV, B; 
CA 

Rocky River From source to Pee Dee River C 
Coldwater Branch From source to Rocky River C 
Gilberts Creek From source to Rocky River C 
Long Creek From source to Rocky River C 
Horse Branch From source to Long Creek C 
Long Branch From source to Long Creek C 
Murray Branch From source to Rocky River C 
Alligator Branch From source to Murray Branch C 
Haw Branch From source to Alligator Branch C 
Hardy Creek From source to Rocky River C 
Big Cedar Creek From source to Rocky River C 

Alternative 1B: 
Pee Dee River (including Lake Tillery 
below normal operating levels) 

From mouth of Uwharrie River to Norwood Dam WS-IV, B; 
CA 

Cedar Creek From source to a point 0.5 mile upstream of 
Stanly County SR 1740 

WS-IV 

Rocky River From source to Pee Dee River C 
Coldwater Branch From source to Rocky River C 
Long Creek From source to Rocky River C 
Little Bear Creek From source to Long Creek C 
Little Long Creek From source to Long Creek C 
Big Bear Creek From source to Long Creek C 
Stony Run From source to Big Bear Creek C 
Hardy Creek From source to Rocky River C 

Alternative 2A: 
Yadkin River (including lower portion 
of High Rock Lake, Tuckertown Lake, 
and Narrows Reservoir) 

From a point 0.6 mile upstream of dam of High 
Rock Lake to Badin Dam 

WS-IV, B; 
CA 
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Name Description Class 
Rocky River From source to Pee Dee River C 
Coldwater Branch From source to Rocky River C 
Long Creek From source to Rocky River C 
Little Long Creek From source to Long Creek C 
Town Creek From source to Little Long Creek C 
Coley Branch From source to Little Long Creek C 
Scaly Bark Creek From source to Long Creek C 
Little Bear Creek From source to Long Creek C 
Big Bear Creek From source to Long Creek C 
Stony Run From source to Big Bear Creek C 
Mountain Creek From source to Stanly County SR 1542 C 

Alternative 2B: 
Yadkin River (including lower portion 
of High Rock Lake, Tuckertown Lake, 
and Narrows Reservoir) 

From a point 0.6 mile upstream of dam of High 
Rock Lake to Badin Dam 

WS-IV, B; 
CA 

Rocky River From source to Pee Dee River C 
Coldwater Branch From source to Rocky River C 
Long Creek From source to Rocky River C 
Town Creek From source to Little Long Creek C 
Coley Branch From source to Little Long Creek C 
Scaly Bark Creek From source to Long Creek C 
Little Bear Creek From source to Long Creek C 
Big Bear Creek From source to Long Creek C 
Stony Run From source to Big Bear Creek C 

Alternative 3A: 
Pee Dee River (including Blewett 
Falls Lake below normal operating 
levels) 

From a point 0.8 mile downstream of mouth of 
Savannah Creek to Blewett Falls Dam 

WS-IV, B; 
CA 

Richardson Creek From Monroe Water Supply Dam (Lake Lee) to 
Rocky River 

C 

Pine Log Creek From source to Richardson Creek C 
Cribs Creek From source to Rocky River C 
Big Branch From source to Cribs Creek C 
Lanes Creek From Marshville Water Supply Dam (located 

0.1 mile downstream of Beaverdam Creek) to 
Rocky River 

C 

Deep Bottom Branch From source to Lanes Creek C 
Brown Creek From NC-SC state line to Pee Dee River C 
Jacks Branch From source to Brown Creek C 
Goulds Fork From source to Brown Creek C 
Hurricane Creek From source to Brown Creek C 
Flat Fork From source to Brown Creek C 
Cedar Creek From source to Pee Dee River C 
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Name Description Class 
Savannah Creek From source to Pee Dee River WS-IV 
Smith Creek From source to North Fork Smith Creek WS-IV 

Alternative 3B: 
Pee Dee River (including Blewett 
Falls Lake below normal operating 
levels) 

From a point 0.8 mile downstream of mouth of 
Savannah Creek to Blewett Falls Dam 

WS-IV, B; 
CA 

Lanes Creek From Marshville Water Supply Dam (located 
0.1 mile downstream of Beaverdam Creek) to 
Rocky River 

C 

Lick Branch From source to Lanes Creek C 
Wide Mouth Branch From source to Lanes Creek C 
Brown Creek From NC-SC state line to Pee Dee River C 
Pinch Gut Creek From source to Brown Creek C 
Tanyard Branch From source to Pinch Gut Creek C 
Goulds Fork From source to Brown Creek C 
Culpepper Creek From source to Goulds Fork C 
Swans Branch From source to Brown Creek C 
Ledbetter Branch From source to Brown Creek C 
Little Brown Creek From source to Brown Creek C 
McCoy Creek From source to Pee Dee River C 
Brush Fork From source to Bailey Creek C 
Derita Creek From source to Brush Fork C 
Reedy Fork From source to Bailey Creek C 

Alternative 4: 
Pee Dee River From Norwood Dam to mouth of Turkey Top 

Creek 
WS-V, B 

Richardson Creek From Monroe Water Supply Dam (Lake Lee) to 
Rocky River 

C 

Pine Log Creek From source to Richardson Creek C 
Cribs Creek From source to Rocky River C 
Big Branch From source to Cribs Creek C 
Lanes Creek From Marshville Water Supply Dam (located 

0.1 mile downstream of Beaverdam Creek) to 
Rocky River 

C 

Dula Thoroughfare From source to Pee Dee River C 
Buffalo Creek From source to Dula Thoroughfare C 
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Name Description Class 

Alternative 5: 
Rocky River From source to Pee Dee River C 

Alternative 6: 
Little Twelvemile Creek From source to East Fork Twelvemile Creek C 
Lee Branch From source to Bates Branch C 
Bearskin Creek From source to Richardson Creek C 
Camp Branch From source to Bearskin Creek C 
Dry Fork From source to Bearskin Creek C 
Todd Branch From source to Twelvemile Creek FW 
Millstone Branch From source to Twelvemile Creek FW 

Alternative 7: 
Goose Creek From source to Rocky River C 
Duck Creek From source to Goose Creek C 

Alternative 8: 
Richardson Creek From source to a point 0.2 mile downstream of 

mouth of Beaverdam Creek 
WS-IV 

Richardson Creek (Lake Lee) From a point 0.2 mile downstream of mouth of 
Beaverdam Creek to Monroe Water Supply Dam 

WS-IV; 
CA 

Adams Branch From source to Richardson Creek WS-IV 
Beaverdam Creek From source to Richardson Creek WS-IV 
Little Richardson Creek (Lake 
Monroe) 

From source to a point 0.6 mile upstream of Buck 
Branch 

WS-IV 

Little Richardson Creek (Lake 
Monroe) 

From a point 0.6 mile upstream of Buck Creek to 
Richardson Creek 

WS-IV; 
CA 

Buck Branch From source to a point 0.5 mile upstream of 
mouth 

WS-IV 

Buck Branch From a point 0.5 mile upstream of mouth to Little 
Richardson Creek 

WS-IV; 
CA 

Rays Fork From source to Richardson Creek C 
Middle Fork Rays Fork From source to Rays Fork C 
Flag Branch From source to Rays Fork C 
Lanes Creek From source to dam at Marshville former water 

supply (0.1 mile downstream of Beaverdam 
Creek) 

WS-V 

Beaverdam Creek From source to Lanes Creek WS-V 
Reedy Branch From source to Beaverdam Creek WS-V 
Maple Springs Branch From source to Beaverdam Creek WS-V 
Gum Log Branch From source to Lanes Creek WS-V 
Mill Creek From NC-SC state line to Lanes Creek WS-V 
Gibbs Branch From source to Mill Creek WS-V 
Wicker Branch From source to Lanes Creek WS-V 
Mountain Springs Branch From source to Wicker Branch WS-V 

176 
 



Union County Public Works | Environmental Impact Statement 
AFFECTED ENVIRONMENT  

 

Name Description Class 
Cowpens Branch From source to Wicker Branch WS-V 
Waxhaw Branch From source to Lanes Creek WS-V 
Lynches River From source to NC-SC state line B 
Buffalo Creek From source to NC-SC state line C 
Raccoon Branch From source to Buffalo Creek C 
Dead Pine Creek From source to NC-SC state line C 

Alternative 11: 
Pee Dee River (including Lake Tillery 
below normal operating levels) 

From mouth of Uwharrie River to Norwood Dam WS-IV, B; 
CA 

Davids Creek From a point 0.6 mile upstream of mouth to Lake 
Tillery, Pee Dee River 

WS-IV; 
CA 

Cedar Creek From a point 0.5 mile upstream of Stanly County 
SR 1740 to Lake Tillery, Pee Dee River 

WS-IV; 
CA 

Rocky River From source to Pee Dee River C 
Coldwater Branch From source to Rocky River C 
Gilberts Creek From source to Rocky River C 
Long Creek From source to Rocky River C 
Horse Branch From source to Long Creek C 
Long Branch From source to Long Creek C 
Murray Branch From source to Rocky River C 
Alligator Branch From source to Murray Branch C 
Haw Branch From source to Alligator Branch C 
Richardson Creek From Monroe Water Supply Dam (Lake Lee) to 

Rocky River 
C 

Meadow Branch From source to Richardson Creek C 
Jacks Branch From source to Salem Creek C 
Flag Branch From source to Rays Fork C 
Hardy Creek From source to Rocky River C 
Big Cedar Creek From source to Rocky River C 
Jacobs Creek From a point 0.3 mile upstream of Stanly County 

SR 1740 to Lake Tillery, Pee Dee River 
WS-IV; 

CA 

WTP A: 
Crisco Branch From source to Rocky River C 

WTP B: 
Crisco Branch From source to Rocky River C 
Brandon Branch From source to Gold Branch C 

WTP C: 
Gold Branch From source to Richardson Creek C 
Brandon Branch From source to Gold Branch C 
Watson Creek From source to Richardson Creek C 
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4.12.3 Existing Surface Water Quality 

DWR and DHEC monitor water quality using physical, chemical, and biological sampling and 
rates each monitored stream segment or lake with respect to its designated usage classification 
(DENR, 2008; DENR 2010; DHEC, 2012a). Biological monitoring, including benthic 
macroinvertebrate (benthos) and fish samples, is particularly useful in tracking water quality 
trends because these organisms reflect long-term interactions among many water quality and 
habitat parameters, including factors not detected by infrequent physical and chemical 
sampling. The data collected during ambient water quality monitoring supports evaluations and 
reporting requirements under the Clean Water Act (CWA). 

Based on the Catawba River Basinwide Water Quality Plan (NCDENR, 2010), Watershed Water 
Quality Assessment: Catawba River Basin (SCDHEC, 2012b), and Yadkin Pee-Dee River 
Basinwide Water Quality Plan (NCDENR, 2008), one fish community and one benthic 
community sampling site are located within 0.1 mile of a project corridor. No ambient water 
quality monitoring sites are located within 0.1 mile of a project corridor stream crossing. Several 
fish, benthic, and ambient monitoring sites are located on streams crossed by the proposed 
alternatives but are located a substantial distance either upstream or downstream of the 
alternative crossing thereof. The monitoring sites are depicted on Figure 4-10.   

Per Section 303(d) of the CWA, if a surface water quality standard is exceeded and the 
impaired waters do not have a total maximum daily load (TMDL) approved by the EPA, an 
integrated reporting category of “5” is assigned to those waters, and the waters are incorporated 
into the Section 303(d) list. All waters in NC are Category 5 designated due to mercury. 
Additionally, six streams in the project areas have been designated as Category 5 waters for 
parameters other than mercury (NCDENR, 2012; SCDHEC, 2012a) The portion of the Yadkin 
River that forms Narrows Reservoir (Badin Lake) has been designated as Category 5 for fish 
consumption due to a standard violation of polychlorinated biphenyls (PCBs) standards. Little 
Long Creek in Stanly County, NC, and a reach of Lanes Creek extending from the Marshville 
Water Supply Dam (located 0.1 mile downstream of Beaverdam Creek) to Rocky River have 
been designated as Category 5 due to a Fair bioclassification resulting from benthic community 
sampling. Long Creek in Stanly County and a reach of Richardson Creek extending from 
Watson Creek to Negro Head Creek (Salem Creek) have been designated as Category 5 for 
aquatic life due to a standard violation of copper levels. A reach of Rocky River extending from 
the mouth of Dutch Buffalo Creek to the mouth of Island Creek is designated as Category 5 for 
aquatic life due to standard violations of copper, zinc, and turbidity standards. If a TMDL is 
approved for the parameter resulting in the impairment of the Category 5 waters, then the 
waterbody would be reclassified as Category 4 waters. Listed waters are illustrated on 
Figure 4-9. 

Impaired waters that have an EPA-approved TMDL or other management strategy in place to 
address the impairment are assigned an integrated reporting category of “4.” Three streams in 
the project areas have been designated as Category 4 waters (NCDENR, 2012; SCDHEC, 
2012a). Duck Creek has been designated as Category 4 for aquatic life due to a fair 
bioclassification based on benthic community sampling results. A reach of Goose Creek 
extending from SR 1524 to Rocky River is rated as Category 4 for aquatic life due to a standard 
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violation of turbidity limits. A reach of Brown Creek extending from the mouth of Lick Creek to 
Pee Dee River is designated as Category 4 for aquatic life due to a standard violation for low 
dissolved oxygen (DO) levels and to a fair bioclassification based on benthic community 
sampling results.  

Point-source dischargers located throughout North and South Carolina are regulated through 
the National Pollutant Discharge Elimination System (NPDES) program and may be required to 
register for a permit. Two major NPDES permit holders (i.e., authorized to discharge in excess 
of 1 mgd) are located in the project area (NCDENR , 2014; SCDHEC, 2014). The major 
dischargers in the project area are the Twelve Mile Creek WWTP and the Crooked Creek 
WWTP #2. Both facilities are owned by Union County Public Works Department and operated 
by Charlotte Mecklenburg Utilities. One major NPDES discharger, the City of Monroe WWTP, is 
located within a project area. Minor dischargers are permitted to discharge less than 1 mgd or 
are not limited. There are nine minor dischargers in the immediate vicinity of a proposed pipe 
corridor. The minor dischargers include two WTPs, two WWTPs, three small domestic 
wastewater discharges, and two groundwater remediation sites.   

Significant Aquatic Endangered Species Habitats (SAESH) are designated by North Carolina 
Wildlife Resources Commission (WRC) to enhance planning, siting, and impact analysis for 
areas that are determined to be critical due to the presence of endangered or threatened 
aquatic species populations. SAESHs have been designated for three named streams in the 
project area and numerous UTs thereto. The designated streams are Goose Creek, Duck 
Creek, and Waxhaw Creek and UTs to these three streams. Two SAESH-designated UTs to 
Waxhaw Creek are crossed by the corridor associated with Alternative 6. The Alternative 7 
corridor crosses Goose Creek, Duck Creek, and two SAESH-designated UTs to Duck Creek.   

No wild and scenic rivers are listed in the project area. There are no areas designated as fish 
nursery areas or anadromous fish spawning areas in the vicinity of the project area. No ORWs 
or High Quality Waters (HQW) are listed in the project area. 

4.12.4 Existing Surface Water Quantity (Reservoir Levels and Hydropower) 

The project area is located in the Yadkin-Pee Dee and Catawba River basins. Within these 
respective basins, the Yadkin-Pee Dee and Catawba Rivers consist of a series of regulated 
surface water impoundments with primary functions of hydropower generation, water supply, 
and flood control. The Yadkin-Pee Dee River consists of seven surface water impoundments 
within North Carolina, while the Catawba River consists of eleven surface water impoundments 
within North and South Carolina.  

W. KERR SCOTT PROJECT 
W. Kerr Scott Reservoir is the northernmost impoundment of the Yadkin-Pee Dee River system, 
located in Wilkes County, North Carolina, near the City of Wilkesboro. This reservoir is operated 
by the US Army Corps of Engineers and does not generate hydropower.  The W. Kerr Scott 
project is authorized for the purposes of flood control, water supply, recreation, and fish and 
wildlife. 
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W. Kerr Scott Dam is located on the Yadkin River about five river miles upstream of Wilkesboro, 
NC.  The dam is about 55 miles west of Winston-Salem, NC and about 65 miles north of 
Charlotte, NC. W. Kerr Scott Dam is an earthen structure having a top elevation of 1107.5 feet, 
msl and an overall length of 1,750 feet.  The height about the streambed is 148 feet.  The 
drainage area above W. Kerr Scott Dam is 367 square miles.  The watershed covers parts of 
Wilkes, Caldwell, and Watauga counties. W. Kerr Scott Reservoir extends about 9.7 miles up 
the Yadkin River. At the normal pool elevation of 1030 feet, msl, the length of the shoreline is 
about 55 miles and the reservoir covers an area of about 1,475 acres.  The mean depth at 
normal pool is about 28 feet, but the depth at the dam is about 65 feet.  At the normal pool, 
there is about 41,000 acre-feet of water stored behind W. Kerr Scott Dam (USACE, 2015). 

YADKIN HYDROELECTRIC PROJECT 
Alcoa Power Generating, Inc. (APGI) operates the Yadkin Hydroelectric Project, Federal Energy 
Regulatory Commission (FERC) No. 2197, which is comprised of four hydroelectric stations, 
dams and reservoirs along a 38-mile stretch of the Yadkin River in central North Carolina.  The 
four reservoirs are High Rock, Tuckertown, Narrows (Badin Lake) and Falls (Alcoa Power 
Generating Inc., 2015).  

High Rock Development 
The High Rock development is located on the Yadkin River at river mile 253 in Davidson, Davie, 
and Rowan counties, North Carolina. Completed in 1927, the High Rock development was the 
third of the Yadkin Project developments to be built and is the most upstream of the four Yadkin 
Project developments. The High Rock development consists of a dam, powerhouse, and 
reservoir. High Rock Reservoir has a normal full pool area of approximately 15,180 acres and a 
drainage area of 3,973 square miles. The normal full pool elevation of High Rock Reservoir is 
623.9 feet (USGS datum) (Alcoa Power Generating Inc., 2015).  

Tuckertown Development 
The Tuckertown development is located in Rowan, Davidson, Stanly, and Montgomery counties, 
North Carolina on the Yadkin River at river mile 244.3. Completed in 1962, the Tuckertown 
development was the last of the Yadkin Project developments to be built. The Tuckertown 
development consists of a dam, powerhouse, and reservoir. Tuckertown Reservoir has a normal 
full pool area of 2,560 acres and a drainage area of 4,080 square miles. The normal full pool 
elevation of Tuckertown Reservoir is 564.7 feet (USGS datum) (Alcoa Power Generating, Inc., 
2015).  

Narrows Development 
The Narrows development is located in Davidson, Stanly and Montgomery counties, North 
Carolina on the Yadkin River at river mile 236.5. Completed in 1917, the Narrows development 
was the first of the Yadkin Project developments to be built. Narrows Dam consists of a main 
dam section and a bypass spillway section. Four steel penstocks convey water from the intake 
section to the powerhouse. The dam impounds a reservoir (Narrows Reservoir or Badin Lake) 
that has a normal full pool area of 5,355 acres and a drainage area of 4,180 square miles. The 
normal full pool elevation of Narrows Reservoir is 509.8 feet (USGS datum) (Alcoa Power 
Generating Inc., 2015).  
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Falls Development 
The Falls development is located in Stanly and Montgomery counties, North Carolina on the 
Yadkin River at river mile 234. Completed in 1919, the Falls development was the second of the 
Yadkin Project developments to be built and is the most downstream of the four Yadkin Project 
developments. The Falls development consists of a dam, a gate controlled spillway, 
powerhouse and reservoir. Falls Reservoir has a normal full pool area of 204 acres and a 
drainage area of 4,190 square miles. The normal full pool elevation of Falls Reservoir is 332.8 
feet (USGS datum) (Alcoa Power Generating Inc., 2015) .  

YADKIN-PEE DEE HYDROELECTRIC PROJECT 
Duke Energy Progress operates the Yadkin-Pee Dee Hydroelectric Project. The Tillery and 
Blewett Hydroelectric Plants together comprise the Yadkin-Pee Dee River Project. These plants 
are operated as an integrated unit under FERC Project License No. 2206. The Tillery and 
Blewett Plants are located in the Southern Piedmont area of North Carolina. 

Tillery Development 
Lake Tillery is located in Montgomery and Stanly counties and is formed by the dam at the 
Tillery Hydroelectric Plant on the Pee Dee River. The lake extends approximately 15 miles 
upstream from the dam to APGI’s Falls Hydroelectric Development. At normal operating levels, 
Lake Tillery is about 72 feet deep at the dam. The reservoir surface area is 5,260 acres at that 
level (elevation 278.17), and the usable storage with 22 foot drawdown is 88,000 acre-feet 
(Duke Energy, 2015). The Tillery Hydroelectric Plant is located on the Pee Dee River 
approximately four miles west of Mt. Gilead, NC, 17 miles south of Narrows Reservoir and 25 
miles above the Blewett Plant. The plant began service in 1928, with additions in 1960. It 
features a dam 2,800 feet long and 86 feet high, that forms Lake Tillery, as well as flood-control 
gates. Its four generators are capable of producing a total of 87 megawatts. By regulating the 
river’s flow, the Tillery plant also helps to increase the efficiency of the Blewett Plant 
downstream (Duke Energy, 2015).  

Blewett Falls Development 
The Blewett Falls impoundment, also known as Blewett Falls Lake, extends approximately 11 
miles upstream from the dam. Construction of the Blewett Falls Development began in 1905 
and was completed in June 1912. Blewett Falls Lake has a reservoir surface area of 2,866 
acres at a normal pool elevation of 178.1’ msl and a usable storage capacity of 30,893 acre-
feet. The Blewett Falls development is licensed for a drawdown of 17 feet, but generally 
operates with drawdowns of 2 to 4 feet (Duke Energy, 2014). 

The Blewett Hydroelectric Plant is located in Richmond and Anson counties on the Pee Dee 
River in Lilesville, NC, near the North Carolina/South Carolina border, and was originally 
constructed to supply power to the textile industry in Rockingham, NC The plant includes a 
gravity dam that is 60 feet high and 650 feet long, creating Blewett Falls Lake. It houses six 
generators capable of producing a total of approximately 22 megawatts. In addition, the oil-fired 
combustion turbines on the site can generate another 52 megawatts. The Blewett Hydroelectric 
Plant began commercial service in 1912, with additions in 1971 (Duke Energy, 2015).  
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CATAWBA-WATEREE HYDROELECTRIC PROJECT 
Duke Energy operates the Catawba-Wateree Hydroelectric Project in the Catawba River Basin, 
FERC Project License No. 2232. The Catawba River begins in western North Carolina and 
flows easterly and southerly into South Carolina, where it joins Big Wateree Creek to form the 
Wateree River. The Catawba-Wateree Hydroelectric Project is comprised of 13 hydropower 
stations and 11 reservoirs, including the James, Rhodhiss, Hickory, Lookout Shoals, Norman, 
Mountain Island, Wylie, Fishing Creek, Great Falls, Rocky Creek, and Wateree lakes. The 
Catawba-Wateree Hydro Project spans over 200 river miles and encompasses approximately 
1,700 miles of shoreline within nine counties in North Carolina and five counties in South 
Carolina. It is the backbone of Duke Energy’s generation fleet, providing 841 megawatts of 
renewable hydropower and cooling water to more than 8,100 megawatts of fossil and nuclear 
generation (Duke Energy, 2015).  

Bridgewater Development 
Built over a seven-year period beginning in 1916, Lake James required the construction of three 
dams: Linville, Paddy Creek and Catawba. Linville Dam is 160 feet high and 1,325 feet long. 
Paddy Creek Dam is 165 feet high and 1,610 feet long. Catawba Dam is 150 feet high and 
3,155 feet long. The lake straddles the McDowell-Burke county line. Lake James has a surface 
area of approximately 6,812 acres, with 150 miles of shoreline. Full pond elevation is 1,200 feet 
(Duke Energy, 2015).  

In 1919, the original Bridgewater powerhouse entered commercial operation and was 
decommissioned in 2011. Located on Lake James which spans McDowell and Burke counties, 
NC, Bridgewater Hydro Station is the first of 13 hydro stations that stretch from Morganton, NC 
to Wateree Hydro Station located near Wateree, SC. The new Bridgewater Hydro Station, 
completed in 2011, is capable of producing 31.5 megawatts of hydroelectricity (Duke Energy, 
2015).  

Rhodhiss Development 
Lake Rhodhiss was built in 1925. The Rhodhiss dam is 65 feet high and 1,500 feet long. A 
relatively small lake, Rhodhiss has 90 miles of shoreline and a surface area of approximately 
3,060 acres. Full pond elevation is 995.1 feet. Lake Rhodhiss is also a reliable source of water 
for the nearby cities of Granite Falls, Lenoir, Morganton and Valdese, North Carolina (Duke 
Energy, 2015).  

Rhodhiss Hydro Station is a three-unit generating, 26 megawatt facility located in Caldwell 
County, NC. This facility began operation in 1925 (Duke Energy, 2015).  

Oxford Development 
Lake Hickory was created in 1927 with the completion of the Oxford Dam. The dam parallels the 
NC Highway 16 bridge over the Catawba River between I-40 and Taylorsville. It is 122 feet high, 
with an overall length of 1,200 feet. The spillway section of the dam is 550 feet long. The lake 
covers almost 4,223 acres with 105 miles of shoreline. Full pond elevation is 935 feet. Lake 
Hickory is a reliable source of water for the nearby cities of Hickory and Long View, North 
Carolina (Duke Power, 2015).  
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Oxford Hydro Station is located on the south bank of the Catawba River in Catawba County, NC 
The facility has two generating units with a capacity of 36 megawatts and forms Lake Hickory. 
This facility first entered service in 1928 (Duke Energy, 2015).  

Lookout Shoals Development 
Lookout Shoals Lake was formed in 1915 with the construction of the Lookout Shoals 
Hydroelectric Station. The lake has approximately 1,305 acres of surface area and 37 miles of 
shoreline. Full pond elevation for Lookout Shoals Lake is 838.1 feet (Duke Energy, 2015).  

Beginning service in 1915, Lookout Shoals Hydro Station has three generating units capable of 
producing 26 megawatts of hydroelectricity. This facility is located in Iredell County, NC (Duke 
Energy, 2015).  

Cowans Ford Development 
Cowans Ford Dam created the largest manmade body of fresh water in North Carolina when it 
dammed the Catawba River in 1963. The total length of the facility is 7,387 feet, including more 
than a mile of earthen dam. The concrete portion of the dam is 1,279 feet long and 130 feet 
high. Lake Norman includes 520 miles of shoreline and a surface area of more than 32,475 
acres. The lake is nearly as large as the other ten lakes on the Catawba combined. Full pond 
elevation at Lake Norman is 760 feet. The lake provides a dependable supply of water to 
Lincoln County, Davidson, Mooresville, Charlotte-Mecklenburg and Huntersville, North Carolina 
(Duke Energy, 2015) . 

Cowans Ford Hydro Station is located in Huntersville, NC (Mecklenburg County), approximately 
20 miles north of Charlotte on Lake Norman. It is the largest conventional hydro station owned 
by Duke Energy and has a capacity of 350 megawatts. Three units began generating electricity 
in 1963, with a fourth unit beginning operation in 1967 (Duke Energy, 2015).  

Mountain Island Development 
Mountain Island Lake was built in 1924 with the construction of Mountain Island Hydroelectric 
Station. The lake has approximately 3,281 acres of surface area and 61 miles of shoreline. The 
lake provides a dependable water supply for Mount Holly, Gastonia and Charlotte-Mecklenburg, 
North Carolina. Full pond elevation is approximately 647.5 feet (Duke Energy, 2015).  

Mountain Island Hydro Station is a four-unit generating facility located in Gaston County, NC. 
First put into service in 1923, this facility has a generating capacity of 60 megawatts (Duke 
Energy, 2015).  

Wylie Development 
Lake Wylie is the oldest lake on the Catawba River. The lake was first created in 1904 by a dam 
near Fort Mill, South Carolina. The dam was rebuilt in 1924 and the lake's surface expanded to 
approximately 13,443 acres and 325 miles of shoreline. In addition to supporting Wylie 
Hydroelectric Station, Lake Wylie also supports Allen Steam Station and Catawba Nuclear 
Station with cooling water and provides a dependable water supply for Belmont and Rock Hill. 
Full pond elevation at Lake Wylie is approximately 569.4 feet (Duke Energy, 2015).  
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Lake Wylie Hydro Station is located in Mecklenburg County, NC and York County, SC. First put 
into service in 1925, this facility has four generating units capable of producing 60 megawatts 
(Duke Energy, 2015).  

Fishing Creek Development 
Fishing Creek Lake was created in 1916 and has approximately 3,112 surface acres of water 
and 61 miles of shoreline. The Fishing Creek Hydroelectric Station dam is 1,770 feet long with 
22 floodgates. The lake also provides a dependable water supply for Chester County, South 
Carolina. Full pond elevation is 417.2 feet (Duke Energy, 2015).  

Fishing Creek Hydro Station is a five-unit generating facility located on the Catawba River in 
Chester County, SC. The station first began service in 1916 and has a capacity of 37 
megawatts (Duke Energy, 2015).  

Great Falls Development 
The Great Falls and Dearborn Hydroelectric Stations are both located on the Great Falls Lake in 
Chester County, SC. The lake was completed in 1907 and has a surface area of 477 acres and 
24 miles of shoreline. Full pond elevation is 355.8 feet (Duke Energy, 2015).  

Great Falls Hydro Station first began service in 1907 and has eight generating units capable of 
producing 24 megawatts. Dearborn Hydro Station first began service in 1923 and has three 
generating units, capable of producing up to 46 megawatts (Duke Energy, 2015).  

Cedar Creek Development 
The Rocky Creek and Cedar Creek Hydroelectric Stations are both located on Rocky Creek 
Lake. With 847 acres of surface area and 20 miles of shoreline, the lake was completed in 1909 
with the operation of the Rocky Creek Hydroelectric Station. The Cedar Creek Hydroelectric 
Station was later built in 1926. Full pond elevation is 284.4 feet (Duke Energy, 2015).  

Rocky Creek Hydro Station is an eight-unit generating facility located on the Catawba River in 
Fairfield County, SC. It first began service in 1909 and has a capacity of 28 megawatts. Cedar 
Creek Hydro Station is a three-unit generating facility located on the Catawba River in Lancaster 
County, SC. It first began service in 1926 and has a capacity of 45 megawatts (Duke Energy, 
2015).  

Wateree Development 
Lake Wateree was created in 1920 with the operation of Wateree Hydroelectric Station. The 
Wateree Dam is 3,380 feet long. Lake Wateree has 13,864 surface acres and 242 miles of 
shoreline and is the largest of the lower lakes. The lake also provides a dependable water 
supply for Lugoff and Camden, South Carolina. Full pond elevation is 225.5 feet (Duke Energy, 
2015).  

The Wateree Hydro Station is a five-unit generating facility located on the Wateree River in 
Fairfield and Kershaw Counties, SC. The Catawba River becomes the Wateree River at the 
upper end of Lake Wateree. The hydro station first began service in 1919 and has a capacity of 
56 megawatts (Duke Energy, 2015).  
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4.12.5 Groundwater Supplies 

The principal aquifer in the Piedmont and Blue Ridge provinces of North Carolina is the 
crystalline rock aquifer (Coble, Giese, & Elmers, 1985). In the Piedmont province of North 
Carolina, aquifers are localized and consist of complex fractured metamorphic, igneous, and 
sedimentary rocks from the Triassic Basin. Regolith overlies most of the rocks and consists of 
soil, saprolite, alluvium, and colluvium. In the project area, groundwater is held in the 
regolith/fractured crystalline rock aquifer system. The fractured, crystalline, igneous and 
metamorphic rock generally has low porosity and therefore little storage capacity. As a result, 
the majority of the groundwater is located in the regolith that sits atop the bedrock.  

Groundwater in the regolith recharges the water-holding fractures in the underlying bedrock. 
The water held in the regolith is recharged from infiltration of precipitation. The infiltration and 
recharge rates vary across the physiographic province as well as the project area based on 
variations in regolith thickness, arrangement of fractures in the regolith, and geology (Trapp & 
Horn, 1997).  

The principal aquifer in the portion of the project area in South Carolina is the Piedmont Bedrock 
Aquifer (SCDHEC, 2012b). The aquifer extends from the Fall Line to the Blue Ridge Mountains. 
Piedmont bedrock is similar to the crystalline rock associated with the aquifer underlying the 
North Carolina portions of the project area, consisting of fractured crystalline rock overlain by a 
saprolitic regolith and limited alluvial valley fill deposits.   

Groundwater yields from the Piedmont Bedrock Aquifer vary greatly within the region, 
depending primarily on the layout and interconnection of joints and fractures in the rock where 
water is stored. Groundwater of the aquifer can be obtained from the regolith and from fractures 
in the bedrock. Variability in the geology of the regolith and in the fractures results in 
considerable differences in the occurrence and availability of groundwater throughout the area 
underlain by the Piedmont Bedrock Aquifer. Recharge to the aquifer is mainly provided via the 
hydrologic connection between the overlying saprolite and the underlying bedrock.   

Portions of the project areas obtain potable water from private or community groundwater wells, 
while the remainder of the project areas purchases water from the local municipalities or county-
level utilities. Groundwater well placement relative to bedrock and regolith fracture patterns is 
critical to maintain adequate and reliable yields. The most reliable yields are realized from wells 
that either penetrate several small fractures as well as one large fracture in intensely fractured 
rock or encounter numerous closely spaced fractures (Miller, 1990; Trapp & Horn, 1997). 
Groundwater quality from the aquifers underlying the project areas is generally suitable for 
drinking and other uses. Dissolved constituents, typically including iron, manganese, fluoride, 
and sulfur, may require filtering and/or oxidation to make the water potable.  

Private groundwater wells are present in the vicinity of the project areas. However, mapping of 
the wells is not available. Data on the location and number of private wells are not readily 
available.  
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4.13 Shellfish or Fish and Their Habitats 

Aquatic habitats in the project areas include streams, which provide free-flowing, warm-water 
habitats, and ponds, which also provide warm-water habitat. Several named, perennial streams 
are located in the project area, including Yadkin River, Pee Dee River, Rocky River, Goose 
Creek, Duck Creek, Big Bear Creek, Long Creek, Lanes Creek, Richardson Creek, and Brown 
Creek. Numerous unnamed perennial, intermittent, and ephemeral streams that are tributaries 
to the aforementioned major streams are also present in the project area and provide habitat for 
various species of fish and shellfish.  

In order to protect fish resources, WRC and/or USFWS may request one or more moratoria on 
instream construction activities. The moratoria impose schedule restrictions as to when it is 
permissible to perform work in streams that are known to support important fish resources. The 
moratoria are timed to coincide with spawning and early development of the year’s fry, 
supporting the annual reproductive cycle and contributing to the success thereof. Fish groups 
that are commonly protected by a construction moratorium in inland waters include eastern and 
western sunfish, rainbow trout, brook or brown trout, anadromous fish, spotfin chub, and Cape 
Fear shiner.   

WRC has listed the priority aquatic species in the North Carolina portions of the Catawba and 
Yadkin-Pee Dee River basins and performs periodic fish community sampling within some of 
the wadeable streams in the Catawba and Yadkin-Pee Dee River basins (NCWRC, 2005). The 
fish species collected by WRC between April 1996 and May 2011 in sampled streams traversed 
by the project areas are listed in Table 4-16. The priority aquatic species that were collected are 
also indicated in Table 4-16. Of the priority species listed by WRC, one species listed as a 
Federal Species of Concern (FSC), Carolina darter (Etheostoma collis collis), was collected 
within Big Bear Creek, Crooked Creek, Lanes Creek, and Richardson Creek. No other state or 
federally listed fish species were noted during sampling activities. One additional priority 
species, notchlip redhorse (Moxostoma collapsum), was collected in Big Bear Creek in Stanly 
County. 

Four of the state and federally protected mussel species listed for the project area counties are 
listed as priority aquatic species by WRC. Two of the four species have been documented in 
streams crossed by a proposed pipe corridor (NCNHP, 2014). Additional information regarding 
the state and federally protected species and their documented occurrences is provided in 
Section 4.15 – Wildlife and Natural Vegetation. 
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Table 4-16 Fish Collected by WRC in Streams Crossed by a Proposed Alternative 

Common Name Scientific Name Priority 
Species 

White catfish Ameiurus catus  
Yellow bullhead Ameiurus natalis  
Flat bullhead Ameiurus platycephalus  
American eel Anguilla rostrata  
Pirate perch Aphredoderus sayanus  
White sucker Catostomus commersonii  
Rosyside dace Clinostomus funduloides  
Satinfin shiner Cyprinella analostana  
Eastern creek chubsucker Erimyzon oblongus  
Carolina darter Etheostoma collis  
Fantail darter Etheostoma flabellare  
Tessellated darter Etheostoma olmstedi  
Eastern mosquitofish Gambusia holbrooki  
Highback chub Hybopsis hypsinotus  
Redbreast sunfish Lepomis auritus  
Green sunfish Lepomis cyanellus  
Pumpkinseed Lepomis gibbosus  
Warmouth Lepomis gulosus  
Bluegill Lepomis macrochirus  
Largemouth bass Micropterus salmoides  
Notchlip redhorse Moxostoma collapsum  
Bluehead chub Nocomis leptocephalus  
Golden shiner Notemigonus crysoleucas  
Whitemouth shiner Notropis alborus  
Highfin shiner Notropis altipinnis  
Redlip shiner Notropis chiliticus  
Spottail shiner Notropis hudsonius  
Coastal shiner Notropis petersoni  
Sandbar shiner Notropis scepticus  
Margined madtom Noturus insignis  
Piedmont darter Percina crassa  
Black crappie Pomoxis nigromaculatus  

Greater jumprock Scartomyzon sp. cf. 
lachneri  

Creek chub Semotilus atromaculatus  
 

4.14  Forest Resources  

Natural forested communities are scattered throughout the undeveloped and developed portions 
of the project area (Figure 4-3). The forested areas include conifer forests, bottomland forests, 
and mixed hardwood forests. The project area consists of developed land with small wooded 
areas (i.e., mature soft and hardwoods) primarily located along riparian corridors, agricultural 
land, and wooded, undeveloped land. The North Carolina Division of Forest Resources (DFR) 
has mapped Important Forest Lands throughout the state. Important Forest Lands are defined 
by DFR as “… those which are important for sustaining the forest products sector of our 
economy and providing ecosystem services that are compatible with forest management, such 
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as protecting drinking water supplies.” Within components of each alternative, portions of the 
areas denoted as Important Forest Lands have been converted to non-forested uses such as 
farm fields and residential development. Additionally, some of the areas designated as 
Important Forest Land encroach into maintained roadway easements, in which a large portion of 
the pipe corridors are located. 

4.14.1 Alternative 1A 
The pipe corridor associated with Alternative 1A is mainly located along maintained roadway 
easements. Several small portions of the pipe corridor traverse undeveloped areas that consist 
of agricultural and forested land. Approximately 141 acres of the Alternative 1A corridor is 
located in areas denoted as Important Forest Land. The pump station site and access road 
associated with this alternative are not located in areas denoted as Important Forest Lands.  

4.14.2 Alternative 1B 
The Alternative 1B pipe corridor is mainly located outside of roadway easements and traverses 
numerous agricultural fields and wooded areas. Approximately 244 acres of the Alternative 1B 
corridor is located in areas denoted as Important Forest Lands. The pump station site and 
access road associated with this alternative are not located in areas denoted as Important 
Forest Lands. 

4.14.3 Alternative 2A 
The pipe corridor associated with Alternative 2A is located entirely along maintained roadway 
easements. The pipe corridor traverses approximately 130 acres of area denoted as Important 
Forest Lands. Approximately 533 feet of the pump station access road traverses Important 
Forest Lands and The pump station site associated with this alternative is not located in an area 
denoted as Important Forest Lands. 

4.14.4 Alternative 2B 
The Alternative 2B pipe corridor is located entirely along roadway easements. The pipe corridor 
traverses approximately 135 acres of area denoted as Important Forest Land. Approximately 
1,630 feet of the access road and all of the pump station site are depicted as Important Forest 
Land.  

4.14.5 Alternative 3A 
Portions of the Alternative 3A pipe corridor are located adjacent to roadways, with the remainder 
of the corridor traversing agricultural and wooded land. Approximately 352 acres of the 
Alternative 3A pipe corridor traverses areas denoted as Important Forest Lands. The pump 
station site and approximately 1,234 feet of the access road are located in areas designated as 
Important Forest Land.  

4.14.6 Alternative 3B 
The pipe corridor associated with Alternative 3B is located entirely along maintained roadway 
easements. Approximately 119 acres of the Alternative 3A pipe corridor traverses an area 
denoted as Important Forest Lands. The pump station site and approximately 1,234 feet of the 
access road are located in areas designated as Important Forest Lands. The WTP D area is 
comprised mainly of forested areas and is depicted as containing approximately 354 acres of 
Important Forest Lands. 
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4.14.7 Alternative 4 
The Alternative 4 pipe corridor is mainly located along maintained roadway easements. Two 
portions of the pipe corridor are not located along roadway easement and traverse mainly 
agricultural land and some undeveloped, wooded land. Approximately 132 acres of the 
Alternative 4 pipe corridor is denoted as Important Forest Land. Approximately 0.18 acre of the 
access road, all of the pump station site, and approximately 0.4 acre of the intake pipe corridor 
are in areas denoted as Important Forest Land.  

4.14.8 Alternative 5 
The pipe corridor associated with Alternative 5 is located entirely along maintained roadway 
easements. The pipe corridor traverses approximately 4 acres of area denoted as Important 
Forest Lands, most of which is presently forested. The pump station site and access road 
associated with this alternative are not located in Important Forest Land areas.  

4.14.9 Alternative 6 
The pipe corridor associated with Alternative 6 is located entirely along maintained roadway 
easements. The portion of the pipe corridor located within North Carolina traverses 
approximately 9 acres of area denoted as Important Forest Lands. Published data relative to 
forest resources in South Carolina deemed important by the state was not available for inclusion 
in this report. Forest resources within the project areas were calculated from visual assessment 
and electronic measurement of forested areas shown on recent aerial photographs. 
Approximately 54 acres of forested land that appear similar in composition to the areas depicted 
in North Carolina were calculated within the portion of the pipe corridor located in South 
Carolina.  

4.14.10 Alternative 7 
The pipe corridor associated with Alternative 7 is located entirely along maintained roadway 
easements. The pipe corridor traverses approximately 37 acres of Important Forest Lands. No 
additional infrastructure is proposed relative to Alternative 7.  

4.14.11 Alternative 8 
The Alternative 8 pipe corridor is located entirely along maintained roadway easements. The 
well field site is dominated by agricultural land with developed and undeveloped areas present. 
Approximately 15 acres of land located along the pipe corridor and approximately 19,295 acres 
within the well field site are denoted as Important Forest Lands. The WTP D area is comprised 
mainly of forested areas and is depicted as containing approximately 354 acres of Important 
Forest Lands. Quantification of forest resources within the areas of impact associated with the 
well sites cannot be calculated since the footprints of project components is not known at this 
time. However, the forest resources within the disturbed areas of the WTP D site and the 
cumulative forest resource areas associated with the individual well sites that would be 
impacted if the alternative is selected and implemented will be significantly lower than the 
acreage of the study areas provided herein. 

4.14.12 Alternative 11 
The pipe corridor associated with Alternative 11 is mainly located along maintained roadway 
easements. Approximately 176 acres of the pipe corridor traverse areas designated as 
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Important Forest Lands. Neither the area in which the discharge is located nor the City of 
Monroe WWTP site contain Important Forest Lands. 

4.14.13 Alternative WTP A 
The WTP A facility area is bisected by several roadways and their associated maintained 
easements. A majority of the WTP A area is presently in use for agriculture. With the exception 
of a group of structures, the portions of the WTP A area not in use for agriculture are forested. 
The WTP A area is shown to contain approximately 168 acres of Important Forest Lands. 

4.14.14 Alternative WTP B 
The WTP A facility area is bisected by several roadways and their associated maintained 
easements. A majority of the WTP A area is presently in use for agriculture. With the exception 
of a group of structures, the portions of the WTP A area not in use for agriculture are forested. 
The WTP A area is shown to contain approximately 168 acres of Important Forest Lands. 

4.14.15 Alternative WTP C 
The WTP C Alternative pipe corridor is located entirely adjacent to maintained roadway 
easements. Approximately 29 acres of the pipe corridor traverses areas denoted as Important 
Forest Lands. A majority of the WTP C area is in use for agriculture and only two wooded areas 
are present. Important Forest Lands comprise approximately 159 acres of the WTP C area. 

4.15 Wildlife and Natural Vegetation 

4.15.1 Wildlife Habitat and Resources 
The availability and distribution of wildlife habitat can be determined by assessing the land cover 
of an area. For the purposes of the Environmental Impact Statement (EIS), primary land cover 
classes are combined into major community types. The major community types in the project 
area are typical of urbanized areas in the piedmont and include disturbed lands and forested 
areas. General descriptions of the flora and fauna that are commonly observed in the major 
community types are provided in the following paragraphs. 

4.15.1.1 DISTURBED LANDS 
Disturbed lands are present in portions of the project area. Urban disturbed land includes 
residential areas with maintained grass lawns and sporadically planted hardwood trees and 
shrubs, industrial buildings with wide-open cultivated grass lawns, and various rights-of-way or 
otherwise disturbed lands. Agricultural lands are included in the disturbed land category as well. 
Trees and shrubs in urban areas include many non-native species. Common woody species 
include silver maple (Acer saccharinum), Bradford pear (Pyrus calleryana), sawtooth oak 
(Quercus acutissima), willow oak (Q. phellos), pecan (Carya illinoinensis), hybrid azaleas 
(Rhododendron spp.), Chinese privet (Ligustrum sinense), Russian olive (Eleagnus 
angustifolia), and crepe myrtle (Lagerstroemia indica). Agricultural lands include plowed fields of 
planted crops and pasturelands for livestock. 

Cats, dogs, and introduced species are abundant in these areas, reducing habitat suitability for 
native species. Reptile and amphibian species are limited to a few small, secretive species, such 
as the rough earth snake (Virginia striatula), northern brown snake (Storeria dekayi), and ground 
skink (Scincella lateralis). Predominant birds include the introduced house sparrow (Passer 
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domesticus), European starling (Sturnus vulgaris), and feral pigeon (Columba livia) in addition to 
the native cardinal (Cardinalis cardinalis), American robin (Turdus migratorius), white-throated 
sparrow (Zonotrichia albicollis), blue jay (Cyanocitta cristata), Carolina wren (Thryothorus 
ludovicianus), mourning dove (Zenaida macroura), and northern mockingbird (Mimus polyglottos). 
Typical mammals of these areas are gray squirrel (Sciurus carolinensis), house mouse (Mus 
musculus), Norway rat (Rattus norvegicus), raccoon (Procyon lotor), Virginia opossum (Didelphus 
virginiana), and big brown bat (Eptesicus fuscus). 

4.15.1.2    FORESTED AREAS 
Forested areas in the project area include both mixed hardwood and pine forest. Wildlife in 
hardwood and mixed hardwood forests may be more diverse in woods that are less disturbed 
and that have greater stratification. The spotted (Ambystoma maculatum), white-spotted slimy 
(Plethodon cylindraceus), and marbled (Ambystoma opacum) salamanders may be found in the 
project area. The five-lined skink (Eumeces fasciatus) and eastern worm snake (Carphophis 
amoenus amoenus) are found in hardwood forests. The multi-strata structure of mixed 
hardwood and bottomland hardwood forests typically support high densities and diversities of 
neotropical migratory birds such as wood thrush (Hylocichla mustelina), ovenbird (Seiurus 
aurocapillus), Swainson’s warbler (Limnothlypis swainsonii), worm-eating warbler (Helmitheros 
vermivora), prothonotary warbler (Protonotaria citrea), hooded warbler (Wilsonia citrina), and 
white-breasted nuthatch (Sitta carolinensis). Mammals such as the white-tail deer (Odocoileus 
virginianus), raccoon, eastern cottontail (Sylvilagus floridanus), gray squirrel, and white-footed 
mouse (Peromyscus leucopus) are likely to be found in the forests of the project area.  

Pine forests in the Piedmont tend to support a relatively sparse animal community because of 
their lower plant species diversity compared with hardwood forest. Characteristic amphibians 
and reptiles are Fowler’s toad (Bufo woodhousei), eastern box turtle (Terrapene carolina), rough 
green snake (Opheodrys aestiva), fence lizard (Sceloporus undulatus), six-lined racerunner 
(Cnemidophorus sexlineatus), five-lined skink, black rat snake (Elaphe obsoleta), kingsnakes 
(Lampropeltis spp.), and black racer (Coluber constrictor). Birds of pine forests include sharp-
shinned hawk (Accipiter striatus), downy woodpecker (Picoides pubescens), yellow-bellied 
sapsucker (Sphyrapicus varius), pine warbler (Dendroica pinus), yellow-rumped warbler 
(Dendroica coronata), white-breasted nuthatch, and several finch and sparrow species 
(Fringillidae spp.). Pine forest mammals include Virginia opossum, raccoon, gray squirrel, 
woodland vole (Microtus pinetorum), white-footed mouse, and red fox (Vulpes vulpes). 

4.15.2 Rare and Protected Species or Habitats 
Some populations of fauna and flora have been, or are, in the process of decline due to either 
natural forces or their inability to coexist with humans. Federal law, under the provisions of 
Section 7 of the Endangered Species Act (ESA) of 1973, as amended, requires that any action 
likely to adversely affect a federally protected species be subject to review by USFWS. Other 
species may receive additional protection under separate federal laws. 

The project area is located in the portions of Anson, Mecklenburg, Stanly, and Union Counties, 
North Carolina and Lancaster County, South Carolina. The USFWS lists of federally protected 
species were updated July 14, 2015 for Anson County, April 2, 2015 for Mecklenburg and 
Stanly counties, March 25, 2015 for Union County, and February 18, 2015 for Lancaster 
County. Seven federally endangered (E) species, one federally threatened (T) species, eighteen 
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Federal Species of Concern (FSC), and two federal candidate (C) species have been identified 
as within the five counties (USFWS, 2015). The bald eagle has been de-listed from the USFWS 
list, but remains protected by the Bald and Golden Eagle Protection Act of 1940 (BGPA), as 
amended, and the Migratory Bird Treaty Act of 1918 (MBTA), as amended. In addition to the 
federally protected species, NHP has identified sixteen endangered species, fourteen 
threatened species, and nineteen species of special concern in the four North Carolina counties 
(2015). DNR has identified one additional threatened species in Lancaster County (2015). As 
state-listed species are not afforded legal protection, species that are listed by the state 
agencies only are not discussed further herein. Each species included on the USFWS 
Endangered Species, Threatened Species, Federal Species of Concern, and Candidate 
Species list and their state and federal status are provided in Table 4-17. 

A review of available NHP data from natural heritage shape files revealed there are eight FSC, 
nine candidate, and one E species occurrences in the project area (2015). One population each of 
Carolina redhorse, Carolina darter, and Carolina heelsplitter as well as two populations of Carolina 
creekshell have been documented in or along a waterbody that is touched or crossed by a 
proposed project corridor or is within the well field area.  

Additional occurrences of three federally endangered species, one candidate species, and nine 
FSC have been documented within a two-mile radius of the proposed project corridors. The 
endangered species that have been documented in the two-mile radius of the corridors are 
Schweinitz’s sunflower, Carolina heelsplitter, and red-cockaded woodpecker. The candidate 
species, Georgia aster, has also been identified within the project areas. 
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Table 4-17 Species Identified by USFWS for Anson, Mecklenburg, Stanly, and Union Counties, North Carolina 
and Lancaster County, South Carolina 

Scientific Name Common Name State 
Status 

Federal 
Status 

County of 
Occurrence 

Vertebrates     
Acipenser brevirostrum Shortnose sturgeon E E A 
Acipenser oxyrinchus 
oxyrinchus 

Atlantic sturgeon - E A 

Anguilla rostrata American eel - FSC A, M, S, U 
Etheostoma collis collis Carolina darter SC FSC A, M, S, U 
Haliaeetus leucocephalus Bald eagle T BGPA A, M, S, U 4 

Moxostoma robustum Robust redhorse E FSC A, S 1, 4, U 1, 

4 
Moxostoma sp. 2 Carolina redhorse - FSC A, S 
Myotis septentrionalis Northern long-eared bat - T M 2, S 2 
Picoides borealis Red-cockaded 

woodpecker 
E E A 4 

Invertebrates     
Alasmidonta varicosa Brook floater - FSC A, S 
Fusconaia masoni Atlantic pigtoe E FSC U 
Lampsilis cariosa Yellow lampmussel E FSC A, S 4, U 
Lasmigona decorata Carolina heelsplitter E E L, M, U 
Toxolasma pullus Savannah lilliput E FSC S 4, U 
Villosa vaughaniana Carolina creekshell E FSC A, M, S, U 

Vascular Plants     
Amphianthus pusillus Little amphianthus - T L 
Delphinium exaltatum Tall larkspur E FSC M 1, U 1, 4 
Echinacea laevigata Smooth coneflower E E L, M 
Eurybia mirabilis Dwarf aster SR-T FSC A, M, S, U 
Helianthus schweinitzii Schweinitz’s sunflower E E A, L, M, S, 

U 
Hymenocallis coronaria Shoals spiderlily - FSC M 2, U 2 

Isoetes melanospora Black-spored quillwort - E L 
Isoetes virginica Virginia quillwort SR-L FSC S 1, U 1 

Juglans cinerea Butternut - FSC S1 
Lindera subcoriacea Bog spicebush SR-T FSC A 1, 5 
Lotus unifoliolatus var. helleri Prairie birdsfoot-trefoil - FSC M, S, U 
Panicum lithophilum Flatrock panic grass SR-T FSC A 
Rhus michauxii Michaux's sumac E E M, U 5 

Solidago plumosa Yadkin River goldenrod T C S 
Symphyotrichum georgianum Georgia aster T C L, M, S 1, U 
Verbena riparia Riparian vervain - FSC S 3 
 
Key to County of Occurrence: 
A – Anson County, NC 
L – Lancaster County, SC 
M – Mecklenburg County, NC 
S – Stanly County, NC 
U – Union County, NC 
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Key to Federal Status: 
E– Endangered. A taxon “in danger of extinction throughout all or a significant portion of its range.” 
T – Threatened. A taxon likely to become endangered within the foreseeable future throughout all or a significant 

portion of its range. 
C – Candidate. A taxon under consideration for official listing for which there is sufficient information to support listing. 
FSC – Federal species of concern. A species under consideration for listing, for which there is insufficient information 

to support listing. 
BGPA – Bald and Golden Eagle Protection Act. The bald eagle was de-listed from the Federal List of Threatened and 

Endangered wildlife, and the primary law protecting the bald eagle became the BGPA. 
1 – Historic: The species was last observed in the county more than 50 years ago. 
2 – Probable/Potential: The species is considered likely to occur in this county based on the proximity of known 

records (in adjacent counties), the presence of potentially suitable habitat, or both. 
3 – Obscure: The date and/or location of observation is uncertain. 
 
Key to State Status: 
E – Endangered: “Any species or higher taxon of plant whose continued existence as a viable component of the 

State’s flora is determined to be in jeopardy” (GS 19B 106:202.12). 
T – Threatened: “Any resident species of plant which is likely to become an endangered species within the 

foreseeable future throughout all or a significant portion of its range” (GS 19B 106:202.12). 
SC – Special Concern: Any species of plant in North Carolina which requires monitoring but which may be collected 

and sold under regulations adopted under the provisions of the Plant Protection and Conservation Act (GS 19B 
106:202.12). 

SR – Significantly Rare: Species which are rare in North Carolina, generally with 1-100 populations in the state, 
frequently substantially reduced in numbers by habitat destruction (and sometimes also by direct exploitation or 
disease). 

-L – Limited: The range of the species is limited to North Carolina and adjacent state (endemic or near endemic). 
These are species, which may have 20-50 populations in North Carolina, but fewer than 100 populations 
rangewide. The preponderance of their distribution is in North Carolina, and their fate depends largely on 
conservation here. 

-T – Throughout: These species are rare throughout their ranges (fewer than 100 populations total). 
4 – Species is listed for the county by the state only.  USFWS does not include the species on its list for the county.  
5 – Historic: Either the element has not been found in recent surveys in the region; or it has not been surveyed 
recently enough to be confident they are still present; or the occurrence is thought to be destroyed. 

4.15.2.1 VERTEBRATES 

Shortnose sturgeon (Acipenser brevirostrum) 

The shortnose sturgeon, a member of the family Acipenseridae, is a small species of sturgeon 
and seldom exceeds 3.3 feet in length. Shortnose sturgeon have an elongated, flattened body 
and a subterminal mouth with barbells, which are suited to their bottom feeding and generally 
benthic existence. The shortnose sturgeon is found sporadically in coastal rivers along the East 
Coast from Canada to Florida. These are anadromous fish; however, as the adults seldom 
travel from their natal river and associated estuary, each river’s population is genetically distinct. 
The preferred habitat of the shortnose sturgeon is deep pools with soft substrates and 
vegetated bottoms. The shortnose sturgeon spawn in fast-moving, freshwater, riverine reaches 
with gravel bottoms. Current threats to habitat are from discharges, dredging, or disposal of 
materials into rivers, or related development activities involving estuarine and riverine mudflats. 
Shortnose sturgeon occurs in most major river systems along the eastern seaboard of the 
United States. However, data are lacking for the rivers of North Carolina (NMFS and USFWS, 
1998).  

Atlantic sturgeon (Acipenser oxyrinchus oxyrinchus) 

Atlantic sturgeon is an estuarine-dependent fish that can reach a length of 14 feet and weight of 
800 pounds. Their coloration is bluish-black to olive brown dorsally, paler sides, and a white 
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belly. Dermal scutes are arranged in five major rows. Atlantic sturgeon differ from shortnose 
sturgeon in larger body, smaller mouth, different mouth shape, and scutes. Atlantic sturgeon are 
benthic feeders, generally consuming crustaceans, worms, and mollusks. The fish are 
anadromous, spawning in freshwaters and migrating to estuarine or marine waters for the 
remainder of the year. The fish will travel from their natal rivers. Atlantic sturgeon generally 
inhabit estuarine or nearshore marine waters not exceeding 165 feet in depth, preferring gravel 
and sand substrates. 

American eel (Anguilla rostrata) 

The American eel has an elongated, snakelike body with a small, pointed head. The American 
eel has no pelvic fins, but has one long dorsal fin that extends more than half of the body. The 
dorsal fin is continuous with the caudal and anal fin. Coloration varies with age and ranges from 
yellow to olive-brown during the adult form. The adult males are dark brown and gray dorsally, 
with a silver to white ventral side. Adults reach lengths up to 5 feet (Page & Burr, 1991). The 
American eel is a catadromous species that spawn in the Atlantic Ocean and ascend stream 
and rivers in North and South America. The American eel is found in the Atlantic Ocean, Great 
Lakes, Mississippi River, the Gulf Basin, and south to South America. American eel lives in 
freshwater as an adult, usually in larger rivers or lakes, primarily swimming near the bottom in 
search of food. American eel hunts mainly at night and resides in crevices or other shelter to 
avoid light during the day, and often buries in substrate consisting of mud, sand, or gravel 
(Landau, 1992). 

Carolina darter (Etheostoma collis collis)  

The Carolina darter is a small fish that grows to only 2½ inches in length and is endemic to the 
Piedmont of Virginia and the Carolinas. It is typically found in pools and very slow runs of small 
upland creeks and rivulets. Habitats are often against the banks or in backwater areas over 
beds of sand, mud, or rubble substrate covered by silt or detritus. It forages on 
microcrustaceans and small insect larvae. Spawning occurs in early spring and peaks at the 
end of March. The fish inhabits small streams from the Roanoke River basin in Virginia to the 
Santee River system in South Carolina. 

Bald eagle (Haliaeetus leucocephalus) 

The mature bald eagle (usually more than 4 years of age) can be identified by its large white 
head and short white tail. The body plumage is dark brown to chocolate-brown in color. Bald 
eagles can easily be distinguished from other birds by their flat wing soar. They are primarily 
associated with large bodies of water where food is plentiful. Eagle nests are found in proximity 
to water (usually within 0.5 mile) with a clear flight path to the water, in the largest living tree in 
an area with an open view of the surrounding land. Human disturbance may cause nest 
abandonment. The breeding season for the bald eagle begins in December and January. Fish 
are the major food source, although forage items include coots, herons, wounded ducks, and 
carrion.  

The bald eagle was delisted from the ESA on June 28, 2007. Populations were monitored for a 
period of five years, which ended on June 27, 2012, to ensure that delisting the species did not 
result in a decline. Bald eagles remain protected under two federal laws, the MBTA and the 
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BGPA. In North and South Carolina, the bald eagle is listed as threatened; however, state listing 
does not confer additional protection to the species. 

Robust redhorse (Moxostoma robustum) 

The robust redhorse is a 10- to 19-inch long fish, weighing up to 10 pounds with a stout body 
and thick lips. The caudal and dorsal fins are red or slate-colored, and other fins are cream or 
yellow to red. Preferred habitat for this fish is medium to large creeks and rivers, usually in deep 
and fast water, over gravel, rock, and boulders. Clean, silt-free, gravel beds in shallow waters 
are required for breeding, which occurs during May. The name Moxostoma robustum has been 
misapplied in the past to the smallfin redhorse, which is now identified as the brassy jumprock in 
the genus Scartomyzon. Small populations (one or two fishes) of the true robust redhorse have 
been found in the Pee Dee River in North Carolina and the Savannah River downstream of 
Augusta, Georgia. A large population, and potentially the only breeding population, of the robust 
redhorse is found in the Oconee River south of Milledgeville, Georgia. 

Carolina redhorse (Moxostoma sp. 2) 

The Carolina redhorse is a species of freshwater ray-finned fish in the Catostomidae family. 
Species within the Catostomidae family have mouths located on the underside of the head, thick 
fleshy distensible lips, and paired fins attached low on the body (Rohde, Arndt, Lindquist, & 
Parnell, 1994). The Carolina redhorse is found in medium sized rivers with moderate gradient 
and prefers deep pool areas along shorelines that contain woody debris. The Carolina redhorse 
is only known to be present in the Pee Dee and Cape Fear River basins. 

Northern long-eared bat (Myotis septentrionalis) 

The northern long-eared bat is a medium-sized bat that is distinguished by its long ears. The bat 
is medium to dark brown on the back and tawny to pale brown on the underside. Its body is 
three to four inches long with a wingspan of nine to ten inches. Northern long-eared bats 
hibernate in caves and mines with high humidity, constant temperatures, and no air currents 
through the winter. Summer roosting occurs singly or in colonies under bark, in cavities, or in 
crevices of live or dead trees. Males and nonreproductive females may also roost in manmade 
structures, like barns and sheds, or in caves and mines.  The northern long-eared bat is known 
to inhabit much of the eastern and north-central United States and Canada. 

Red-cockaded woodpecker (Picoides borealis) 

The red-cockaded woodpecker (RCW) is a medium-sized bird with entirely black and white 
plumage, except for small red streaks on the nape of the male. The back of the RCW is striped, 
and the bird has a large white cheek patch surrounded by a black cap, nape, and throat. This 
woodpecker's diet is composed mainly of insects, including ants, beetles, wood-boring insects, 
caterpillars, and corn earworms, if available. The RCW lays its eggs in April, May, and June; the 
eggs hatch approximately 38 days later.  

The RCW is found in the southeastern United States. It is unique among woodpeckers because 
it nests exclusively in living pine trees. The RCW uses open, old-growth stands of southern 
pines, particularly longleaf pine, for foraging and nesting habitat. Slash, pond, or loblolly pines 
will also be utilized if longleaf is not available. The preferred forested stand contains at least 50 
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percent pine and lacks a thick understory. These birds usually excavate nests in pines greater 
than 60 years old and contiguous with pine stands at least 30 years of age. Living pines infected 
with red-heart disease (Formes pini) are often selected for cavity excavation because the inner 
heartwood is usually weakened. Cavities are located from 12 to 100 feet above ground level 
and below live branches. These trees may be identified by candles, large encrustations of 
running sap that surrounds the tree. Clusters consist of one to many of these candle trees. The 
foraging range of the red-cockaded woodpecker may extend 500 acres and must be contiguous 
with suitable nesting sites. 

4.15.2.2   INVERTEBRATES 

Brook floater (Alasmidonta varicosa) 

The brook floater is a freshwater mussel that has a kidney-shaped shell, an abruptly curved 
anterior margin, and a straight to slightly concave ventral margin. The shell of the brook floater 
is firm but not thick and contains numerous short, low corrugations or ridges on the posterior 
slope that tend to be oriented radially. Adult brook floaters are essentially sessile, although 
passive movement downstream may occur. The brook floater typically occurs in riffles and 
rapids of creeks and small rivers among rock in gravel substrates and in sandy shoals.   

Atlantic pigtoe (Fusconaia masoni) 

The Atlantic pigtoe is a freshwater mussel with a shell that reaches a length of 2.3 inches. The 
mussel has a medium, rhomboidal shaped shell that has a distinctive, angular posterior ridge. 
The periostracum is yellowish brown to greenish brown, and the nacre color ranges from 
iridescent blue or white to salmon. The adults are essentially sessile. Some passive movement 
downstream may occur. The Atlantic pigtoe inhabits relatively fast waters with high quality 
riverine/large creek habitat. The Atlantic pigtoe is typically found in headwater or rural 
watersheds in sand or gravel substrates below riffles. 

Yellow lampmussel (Lampsilis cariosa) 

The yellow lampmussel is a bright yellow, medium-sized freshwater mussel with an inflated shell 
and smooth periostracum with rays that are restricted to the posterior slope, if present. The shell 
of the yellow lampmussel is heavy with well-developed dentition. The adults of the yellow 
lampmussel are essentially sessile, although some passive movement downstream may occur. 
The yellow lampmussel is typically found in medium to large streams and rivers in areas with 
good current and in areas underlain by sand, silt, cobble, and gravel. 

Carolina heelsplitter (Lasmigona decorata) 

The Carolina heelsplitter is a relatively large, freshwater mussel endemic to several river 
drainages in North and South Carolina. The shells are ovate to trapezoidal in shape, up to 
4½ inches in length and 1½ inches in width. The outer surface is greenish brown to dark brown 
with faint darker rays. The interior nacre is pearly to bluish white, grading to orange or orange 
mottled in the area of the umbo. The species is reported to inhabit small to large streams and 
rivers. They are usually found near stable, well-shaded stream banks in muddy sand, muddy 
gravel, or mixed sand and gravel. The current range is a very fragmented, relict distribution 
within the known historic range. Historically, the range included the Catawba and Pee Dee 
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systems in North Carolina, and the Pee Dee, Savannah and possibly the Saluda River systems 
in South Carolina. Only four small populations are currently known to exist: two in Union County, 
North Carolina and two in South Carolina. 

Savannah lilliput (Toxolasma pullus) 

The savannah lilliput is a small freshwater mussel with an oval or elliptical shell and a double 
posterior ridge. The ridge is usually angular but may be broadly rounded. Females have a 
broader, more truncated posterior end than males of the species. The outer surface of the shell 
is usually blackish but may be brownish, greenish, or olive with very fine, obscure green rays. 
The inner surface of the shell is bluish white with pink to purplish iridescence at the posterior 
end. This mussel has been recorded from the Neuse River in North Carolina south to the 
Altamaha River in Georgia. The savannah lilliput is found in shallow water along the banks of 
rivers, streams, ponds, and lakes. The savannah lilliput moves up and down the banks as the 
water levels fluctuate. 

Carolina creekshell (Villosa vaughaniana) 

The Carolina creekshell is a freshwater mussel for which the shell morphology can be used to 
determine gender. The male shell is elliptical and approximately 2.4 inches in length, and the 
female shell is ovate and approximately 2.2 inches in length. Male Carolina creekshells have a 
gently curved ventral margin, and the female has a distinct posterior basal swelling and a 
straight ventral margin. The outer shell of the Carolina creekshell is moderately shiny and 
greenish yellow to dark brownish yellow with numerous continuous green rays. The inner 
surface of the shell of the Carolina creekshell is shiny iridescent white or bluish white. The 
anterior margin of the shell is rounded in both sexes, and the posterior end is pointed about two-
thirds of the way from the ventral margin. The Carolina creekshell is endemic to North and 
South Carolina, is found in mud or sand near stream banks, and is occasionally found in 
gravelly sand in the main channel of streams and medium rivers. 

4.15.2.3    VASCULAR PLANTS 

Little amphianthus (Amphianthus pusillus) 

Little amphianthus or pool-sprite is a tiny, annual, emergent plant endemic to ephemeral pools 
on granite flatrock outcrops. The submerged portion of the plant consists of lanceolate, less 
than 0.5-inch long leaves, arranged in a basal rosette. The emergent leaves are ovate, 0.16 to 
0.32 inches long, and arranged as an opposite pair at the end of long, delicate stems. The tiny 
(0.16-0.2 inch diameter), white to pale violet flowers are borne in the axils of both submerged 
and emergent leaves. The flowers exist from March through April. This species is known from 
only Alabama, Georgia and South Carolina. The habitat, as previously mentioned, consists of 
ephemeral pools on granite flatrock outcrops. Most of these pools are 5.4 to 10.8 square feet in 
diameter, ranging up to 108 square feet. These depressions are less than one foot in depth and 
usually contain soil at least one inch deep. They are generally dry much of the summer, except 
during rainy periods.   
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Tall larkspur (Delphinium exaltatum) 

Tall larkspur is an herbaceous perennial that grows to a height of four to six feet. The plant is 
characterized by loose, terminal racemes of gentian blue flowers that bloom in summer. 
Individual flowers are complex and asymmetrical, with one of the five sepals being spurred into 
a distinctive prong. Leaves are deep green in color with three to five lobes. Tall larkspur grows 
in sunny to partially shady areas with fertile, well-drained, rocky limestone soils that have 
moderate moisture. 

Smooth coneflower (Echinacea laevigata) 

Smooth coneflower is a rhizomatous perennial herb of the Aster family. These robust plants can 
grow to five feet tall. They have large basal leaves (up to nine inches long and three inches 
wide) that are sparse and reduced upwards. The flower heads are solitary on a stem and 
consist of long, narrow, drooping, pale to deep pink ray flowers and dark purple-brown disk 
flowers on a conic receptacle. Flowering occurs from May to July. Historically, this plant ranged 
from Pennsylvania south through Alabama and Arkansas. Currently, it is extant in only four 
states (Virginia, North and South Carolina, and Georgia) that comprise the central portion of the 
historic range. This plant is shade intolerant, preferring open sunny habitats maintained by 
periodic disturbance to reduce the shade and competition of woody species. These habitats 
include open woods, cedar barrens, roadsides, clearcuts, dry limestone bluffs, and cleared 
rights-of-way. It is usually found on magnesium- or calcium-rich soils associated with limestone, 
gabbro, diabase and marble rocks.  

Dwarf aster (Eurybia mirabilis)  

Dwarf aster is a perennial plant with coarse, short, woody rhizomes (Dwarf Aster, 2014). Stems 
are erect and simple with stiff hairs that are proximally sparse and distally dense. The dwarf 
aster has dense hairs on both surfaces of the basal and cauline leaves. Flowers are borne in 
three to ten loose, flat-topped, corymbiform arrays. Ray flowers are white to lavender, and disc 
flowers are pale yellow with a purplish tinge on the lobes. The dwarf aster inhabits deciduous or 
mixed deciduous woods on slopes or alluvial plains, usually on basic or circumneutral soils. 

Schweinitz's sunflower (Helianthus schweinitzii) 

Schweinitz's sunflower is perennial aster arising from a cluster of carrot-like tuberous roots. 
Plants at maturity may stand as tall as 10 feet and support 100 or more two-inch wide flowers. 
The yellow ray and disc flowers appear from late August through October. Leaves are opposite 
on the lower stem changing to alternate above, narrow, and pubescent on both surfaces (a 
distinctive, diagnostic feature). The upper leaf surface is scabrous. Schweinitz's sunflower 
occurred historically in Piedmont prairies in the Charlotte geologic belt of North and South 
Carolina. Only 90 populations are presently known to exist, and all occur within 60 miles of 
Charlotte, North Carolina. Currently, most populations occur in dry, open, artificial habitats, such 
as roadsides, utility rights-of-way, and edges of pastures (Weakley, 1993). These remaining 
populations have been observed growing on Enon, Iredell, and Mecklenburg soils.   

Shoals spiderlily (Hymenocallis coronaria) 

Shoals spiderlily is an aquatic, perennial flowering plant (LWF, 2011). It grows to a height of up 
to three feet from a bulb that lodges between rocks in the shoals. This spiderlily blooms from 
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early May to late June, and each flower blooms for one day. The shoals spiderlily requires swift, 
shallow water current and direct sunlight to flourish. 

Black-spored quillwort (Isoetes melanospora) 

Black-spored quillwort is a small perennial grass-like pteridophyte occurring is the Piedmont 
region of Georgia and in South Carolina. Black-spored quillwort is an inconspicuous plant, 
generally under 8 cm tall. The roots are of a single form and evenly forked. The leaves arise 
spirally from a bulbous base and are bunched, linear, slender-tipped and resemble quills. They 
are 0.4 to 1.2 inches (rarely to 2.4 inches) long, less than 0.1-inch wide, and pale at the base 
grading to green above. This quillwort is restricted to shallow, flat-bottomed depressions on 
granite outcrops, where water collects as pools after rain. These depressions are generally less 
than one foot in depth, are entirely rock-rimmed, and usually contain soils at least one inch 
deep. These pools may be dry much of the summer, except during rainy periods. 

Virginia quillwort (Isoetes virginica) 

Virginia quillwort is a grass-like pteridophyte. Leaves have four longitudinal air chambers and 
irregular transverse chambers, giving a segmented appearance. The base of each leaf has a 
large cavity with a solitary sporangium containing numerous female megaspores (in the oldest, 
outermost leaves) or male microspores (in the younger, middle leaves). Species of Isoetes are 
distinguished by the pattern of ridges, tubercles, and reticulations on the megaspores (Cobb, 
1963; Ahles, Radford, & Bell, 1968). Virginia quillwort is found in upland depressional swamp 
forests over clayey soils in North and South Carolina and Virginia. 

Butternut (Juglans cinerea) 

This tree is part of the walnut family, Juglandaceae, and is often called white walnut. It is a small 
to medium sized tree, growing to a height of 30 to 50 feet, with alternate, compound leaves that 
can reach five feet in length. All portions of the leaf and buds are conspicuously hairy and 
sometimes sticky. The bark is dark grey, deeply furrowed with wide, smooth, flat-topped ridges. 
This species is most commonly found along stream banks, in floodplains and in rich, mesic 
bottomlands and hillsides. This tree is threatened by the butternut canker, which is thought to be 
caused by an Asian fungus that was introduced to the United States in the 1950s.   

Bog spicebush (Lindera subcoriacea) 

Bog spicebush is a multi-stemmed, deciduous shrub. It produces tiny, bright yellow-green 
flowers in March, and the vivid-red berries are visible in the late fall. Like all the species in the 
Laurel family, bog spicebush is aromatic. The crushed leaves and twigs smell like lemon 
furniture polish. This plant grows primarily in wet sandy soils of the southeastern Coastal Plain.  

Prairie birdsfoot-trefoil (Lotus unifoliolatus var. helleri) 

The prairie birdsfoot-trefoil is a variety of American birdsfoot-trefoil. Prairie birdsfoot-trefoil is an 
annual forb that grows from eight to 32 inches in height and has alternate, nearly sessile, 
trifoliolate leaves. The leaflets are lanceolate or ovate-lanceolate and 0.4 to one inch long. 
Branches and stems are glabrous to moderately villous. Prairie birdsfoot-trefoil flowers from 
June through August and has one to two flowers on stalks in the upper leaf axils. Flower color 
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may be white, yellow, red, rose, or purple. Habitat for the prairie birdsfoot-trefoil consists of dry 
woodlands, prairie plains, rocky hillsides, stream valleys, roadsides, and open or cleared areas.  

Flatrock panic grass (Panicum lithophilum) 

Flatrock panic grass is an annual graminoid that inhabits soil on granitic flatrocks. The plant’s 
simple leaves are alternate in arrangement with parallel venation. The species is native to the 
eastern United States and Canada. No further information describing the plant is available for 
inclusion in this document. 

Michaux’s sumac (Rhus michauxii) 

Michaux’s sumac is a densely pubescent, dioecious, rhizomatous shrub. It has a low stature, 
growing up to 2 feet high. The leaves are compound with 7 to 13, serrately edged, hairy leaflets on 
a hairy rachis. Male or female flowers are found in the dense terminal panicles typical of the genus. 
Flowers bloom in June and seed heads are visible from August to September. Due to habitat 
fragmentation, colonies of this dioecious plant, when they occur, often are only one large clone 
representing a single sex. Unfortunately, this quality is a serious limitation to the reproduction and 
repopulation of this species. Michaux’s sumac grows in dry, open woodlands and forest edges in 
scattered locations from Virginia to Georgia. In the Piedmont region, it is usually associated with 
acidic to subacidic clay loam or sandy clay loam soils over granite and occasionally found on 
clayey soils derived from mafic rock such as Carolina slate or gabbro. 

Yadkin River goldenrod (Solidago plumosa) 

The Yadkin River goldenrod is a perennial plant that is native to North Carolina. The leaves are 
simple and arranged alternately; they are oblanceolate, serrate, and petiolate. Many, yellow, 
star-shaped flowers are produced in panicles in August and September. The plant grows to a 
height ranging from 16 to 40 inches. The goldenrod prefers a sunny location on moderately 
moist, sandy loam or sandy clay soil. 

Georgia aster (Symphyotrichum georgianum) 

Georgia aster is a perennial dicot that can reach 39 inches in height. The leaves of the Georgia 
aster grow to 3 inches in length and are alternate, elliptic, and entire. The flowers are violet, 
have numerous parts, and are up to 2 inches wide. The Georgia aster blooms from early fall 
through mid-fall. Habitat for the Georgia aster consists of dry open areas. This species is often 
found on disturbed sites. 

Riparian vervain (Verbena riparia) 

Riparian vervain is an annual forb/herb species that is native to North Carolina and Virginia. 
Habitat for the plant is described as rich thickets and stream banks. Little information is 
available describing the species; no additional information is available for inclusion in the 
document. 

4.16 Environmental Justice  

Executive Order 12898 “Federal Actions to Address Environmental Justice in Minority 
Populations and Low-Income Populations” (1994) requires the applicant to determine the 
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impacts that the project will have on minority and low-income populations. The EPA defines 
Environmental Justice as equitable treatment and involvement of all people regardless of race 
or income. Guidance provided by DENR states that the minority and low-income populations 
must be identified and disparities in the provision and location of sewer treatment and transport 
facilities between the general population and the minority and/or low-income populations 
documented. 

The Environmental Justice assessment for the project was performed based on data from the 
2010 Census for minority populations and from the 2011 American Community Survey, reported 
by the U.S. Census Bureau, for income data. The minority population assessment for the project 
area includes data from fourteen block groups in seven census tracts (USCB, 2010). The 
Minority Demographic Study Area (MDSA) consists of the 2010 Census block groups in which 
the footprint of the project alternatives is located. Figure 4-11 illustrates the MDSA, the block 
groups therein, and the census tracts associated therewith. The low-income population 
assessment considered the same census tracts (USCB, 2010) as the minority population 
analysis, and the Income Demographic Study Area (IDSA) consists of the census tracts in which 
the footprint of the project alternatives is located. Figure 4-12 illustrates the IDSA and the 
census tracts thereof. 

4.16.1 Minority Populations 

The EPA defines minorities as individuals of American Indian, Alaskan Native, Asian or Pacific 
Islander, Black, or Hispanic descent. Demographic information for the five project counties was 
obtained from the U.S. Census Bureau’s 2010 Census and analyzed on a block group level. 
Table 4-18 provides the population demographics by race for each alternative. Figure 4-13 
provides an illustration of the percentage of minority populations within each block group of the 
MDSA.   

The 2010 Census determined that the minority population percentages of each of the five 
project counties are 53 percent in Anson, 28 percent in Lancaster, 45 percent in Mecklenburg, 
16 percent in Stanly, and 21 percent in Union. The states of North and South Carolina have 
minority populations of 32 and 34 percent, respectively. The minority population percentages in 
the block groups associated with each of the proposed alternatives are compared against the 
aforementioned statewide percentages to determine if the alternative may disproportionately 
impact a minority population. The data for each block group in the MDSA is provided in Table 
4-18. 
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Table 4-18 Minority Populations for Each Alternative Based on 2010 U.S. Census Block Groups 
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1A 201 1 1,805 1,664 70 8 2 1 33 27 51 141 8% 
 201 2 2,095 1,926 76 5 9 0 56 23 76 169 8% 
 9309 3 1,691 1,449 161 4 23 0 39 15 62 242 14% 
 9309 4 790 659 66 3 1 0 52 9 65 131 17% 
 9310 2 969 874 3 1 72 0 0 19 12 95 10% 
 9310 3 1,492 1,342 116 4 18 0 9 3 14 150 10% 
 9311 2 1,472 978 439 6 12 0 13 24 22 494 34% 
 9311 3 1,045 788 179 7 4 0 59 8 77 257 25% 
 9311 4 724 517 124 3 11 0 60 9 71 207 29% 
 9311 5 1,523 1,311 142 7 2 0 48 13 52 212 14% 
 Alternative Total 13,606 11,508 1,376 48 154 1 369 150 502 2,098 15% 

1B 201 1 1,805 1,664 70 8 2 1 33 27 51 141 8% 
 201 2 2,095 1,926 76 5 9 0 56 23 76 169 8% 
 9307 3 1,310 1,284 8 1 1 0 6 10 18 26 2% 
 9309 1 832 803 11 1 2 0 10 5 23 29 3% 
 9309 2 2,476 2,252 41 14 9 0 128 32 170 224 9% 
 9309 3 1,691 1,449 161 4 23 0 39 15 62 242 14% 
 9309 4 790 659 66 3 1 0 52 9 65 131 17% 
 9310 1 1,027 954 19 5 13 0 29 7 36 73 7% 
 9310 2 969 874 3 1 72 0 0 19 12 95 10% 
 9310 3 1,492 1,342 116 4 18 0 9 3 14 150 10% 
 9311 2 1,472 978 439 6 12 0 13 24 22 494 34% 
 9311 3 1,045 788 179 7 4 0 59 8 77 257 25% 
 9311 4 724 517 124 3 11 0 60 9 71 207 29% 
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 9311 5 1,523 1,311 142 7 2 0 48 13 52 212 14% 
 Alternative Total 19,251 16,801 1,455 69 179 1 542 204 749 2,450 13% 

2A 201 1 1,805 1,664 70 8 2 1 33 27 51 141 8% 
 201 2 2,095 1,926 76 5 9 0 56 23 76 169 8% 
 9301.02 1 1,321 1,102 159 0 43 0 12 5 20 219 17% 
 9301.02 2 1,144 883 215 9 22 0 6 9 17 261 23% 
 9301.02 3 1,339 1,112 199 5 10 0 2 11 15 227 17% 
 9303 2 1,044 897 64 3 54 0 3 23 21 147 14% 
 9303 3 1,222 1,079 77 2 34 0 11 19 24 143 12% 
 9305 1 757 585 91 2 41 0 28 10 37 172 23% 
 9305 3 1,069 779 196 7 49 0 18 20 67 290 27% 
 9307 3 1,310 1,284 8 1 1 0 6 10 18 26 2% 
 9309 1 832 803 11 1 2 0 10 5 23 29 3% 
 9309 2 2,476 2,252 41 14 9 0 128 32 170 224 9% 
 9309 3 1,691 1,449 161 4 23 0 39 15 62 242 14% 
 9309 4 790 659 66 3 1 0 52 9 65 131 17% 
 9312.02 1 1,541 1,397 47 2 45 0 29 21 59 144 9% 
 9312.02 2 1,007 774 110 0 45 0 52 26 78 233 23% 
 9312.02 3 669 547 59 3 44 0 11 5 25 122 18% 
 Alternative Total 22,112 19,192 1,650 69 434 1 496 270 828 2,920 13% 

2B 201 1 1,805 1,664 70 8 2 1 33 27 51 141 8% 
 201 2 2,095 1,926 76 5 9 0 56 23 76 169 8% 
 9301.01 1 1,216 1,104 52 3 27 0 11 19 32 112 9% 
 9301.01 2 1,190 1,000 100 7 59 0 7 17 11 190 16% 
 9301.02 1 1,321 1,102 159 0 43 0 12 5 20 219 17% 
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 9301.02 2 1,144 883 215 9 22 0 6 9 17 261 23% 
 9301.02 3 1,339 1,112 199 5 10 0 2 11 15 227 17% 
 9303 2 1,044 897 64 3 54 0 3 23 21 147 14% 
 9303 3 1,222 1,079 77 2 34 0 11 19 24 143 12% 
 9305 1 757 585 91 2 41 0 28 10 37 172 23% 
 9305 2 1,762 1,551 91 7 58 0 25 30 32 211 12% 
 9305 3 1,069 779 196 7 49 0 18 20 67 290 27% 
 9307 3 1,310 1,284 8 1 1 0 6 10 18 26 2% 
 9309 1 832 803 11 1 2 0 10 5 23 29 3% 
 9309 2 2,476 2,252 41 14 9 0 128 32 170 224 9% 
 9309 3 1,691 1,449 161 4 23 0 39 15 62 242 14% 
 9309 4 790 659 66 3 1 0 52 9 65 131 17% 
 9312.02 1 1,541 1,397 47 2 45 0 29 21 59 144 9% 
 9312.02 2 1,007 774 110 0 45 0 52 26 78 233 23% 
 9312.02 3 669 547 59 3 44 0 11 5 25 122 18% 
 Alternative Total 26,280 22,847 1,893 86 578 1 539 336 903 3,433 13% 

3A 201 1 1,805 1,664 70 8 2 1 33 27 51 141 8% 
 201 2 2,095 1,926 76 5 9 0 56 23 76 169 8% 
 9201 1 719 507 174 17 4 0 1 16 6 212 29% 
 9201 3 1,357 395 928 1 4 0 11 18 22 962 71% 
 9202 1 1,738 977 676 10 43 0 23 9 36 761 44% 
 9203 1 1,467 1,118 288 6 23 0 21 11 30 349 24% 
 9204 1 932 343 545 10 2 0 20 12 28 589 63% 
 9204 2 931 246 662 2 6 0 14 1 15 685 74% 
 Alternative Total 11,044 7,176 3,419 59 93 1 179 117 264 3,868 35% 
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3B 208 1 710 539 133 0 1 0 24 13 39 171 24% 
 208 4 1,558 849 601 14 4 0 69 21 172 709 46% 
 9201 1 719 507 174 17 4 0 1 16 6 212 29% 
 9201 2 1,335 637 660 9 1 0 0 28 8 698 52% 
 9201 3 1,357 395 928 1 4 0 11 18 22 962 71% 
 9203 2 1,633 792 777 14 11 0 3 36 18 841 52% 
 9203 3 2,197 1,764 299 8 57 3 43 23 64 433 20% 
 9203 4 2,881 1,339 1,403 46 18 1 68 6 289 1,542 54% 
 9204 1 932 343 545 10 2 0 20 12 28 589 63% 
 9204 2 931 246 662 2 6 0 14 1 15 685 74% 
 9204 3 1,169 202 952 2 1 0 3 9 11 967 83% 
 9205 1 1,100 461 611 5 2 0 2 19 7 639 58% 
 9205 2 1,060 350 672 3 22 0 5 8 19 710 67% 
 9205 4 1,508 687 740 2 33 0 9 37 18 821 54% 
 9205 5 1,735 975 675 3 35 0 15 32 28 760 44% 
 Alternative Total 20,825 10,086 9,832 136 201 4 287 279 744 10,739 52% 

4 201 1 1,805 1,664 70 8 2 1 33 27 51 141 8% 
 201 2 2,095 1,926 76 5 9 0 56 23 76 169 8% 
 9202 1 1,738 977 676 10 43 0 23 9 36 761 44% 
 9203 1 1,467 1,118 288 6 23 0 21 11 30 349 24% 
 Alternative Total 7,105 5,685 1,110 29 77 1 133 70 193 1,420 20% 

5 201 1 1,805 1,664 70 8 2 1 33 27 51 141 8% 
 201 2 2,095 1,926 76 5 9 0 56 23 76 169 8% 
 9309 3 1,691 1,449 161 4 23 0 39 15 62 242 14% 
 Alternative Total 5,591 5,039 307 17 34 1 128 65 189 552 10% 
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6 203.06 3 2,617 1,794 455 13 26 1 239 89 495 823 31% 
 203.07 1 2,281 1,755 318 7 18 0 127 56 332 526 23% 
 203.08 2 2,747 2,094 314 9 39 2 189 100 453 653 24% 
 203.08 3 1,448 1,240 132 9 28 0 21 18 53 208 14% 
 204.01 1 3,316 2,759 347 14 79 0 67 50 156 557 17% 
 204.03 1 1,408 1,121 146 12 9 2 92 26 207 287 20% 
 204.03 2 1,892 1,394 244 12 16 0 190 36 291 498 26% 
 204.03 3 1,135 834 172 8 8 0 92 21 179 301 27% 
 204.04 1 2,030 1,286 330 20 24 0 319 51 553 744 37% 
 210.05 1 1,675 1,306 220 11 4 0 102 32 157 369 22% 
 210.05 2 1,571 1,456 63 3 5 0 32 12 62 115 7% 
 210.05 3 1,384 1,143 204 1 4 0 18 14 44 241 17% 
 210.14 1 1,954 1,632 225 1 6 2 23 65 65 322 16% 
 210.14 2 749 615 115 2 4 3 4 6 25 134 18% 
 210.15 1 2,415 2,227 94 5 24 2 36 27 55 188 8% 
 210.15 2 2,143 1,931 124 8 16 0 20 44 43 212 10% 
 112.02 2 1,424 943 431 2 4 0 8 36 33 481 34% 
 Alternative Total 32,189 25,530 3,934 137 314 12 1,579 683 3,203 6,659 21% 

7 57.14 2 1,746 1,519 131 11 44 0 26 15 75 227 13% 
 57.14 3 1,158 1,064 49 1 32 0 1 11 17 94 8% 
 202.03 1 1,147 1,102 12 2 8 0 15 8 24 45 4% 
 202.03 2 2,648 2,220 238 2 103 4 42 39 131 428 16% 
 202.04 1 1,543 1,513 10 0 0 0 13 7 18 30 2% 
 202.04 2 1,005 986 13 3 1 0 1 1 11 19 2% 
 202.04 3 1,301 1,279 1 2 3 0 7 9 12 22 2% 
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 Alternative Total 10,548 9,683 454 21 191 4 105 90 288 865 8% 
8 205.02 2 2,153 1,663 280 6 6 1 138 59 259 490 23% 
 206.01 3 892 395 324 1 10 0 136 26 242 497 56% 
 206.02 1 2,608 1,753 457 5 19 0 322 52 568 855 33% 
 207.02 1 1,921 940 796 7 5 0 148 25 221 981 51% 
 207.02 2 2,105 1,825 158 18 10 0 60 34 128 280 13% 
 208 4 1,558 849 601 14 4 0 69 21 172 709 46% 
 209.01 1 1,987 1,607 253 11 19 3 58 36 145 380 19% 
 209.01 2 1,362 1,201 101 16 1 0 16 27 42 161 12% 
 209.01 3 1,775 1,607 43 11 1 0 78 35 110 168 9% 
 209.02 1 2,188 1,869 211 14 5 1 65 23 98 319 15% 
 209.02 2 2,111 1,965 63 6 2 0 53 22 101 146 7% 
 210.05 2 1,571 1,456 63 3 5 0 32 12 62 115 7% 
 Alternative Total 22,231 17,130 3,350 112 87 5 1,175 372 2,148 5,101 23% 

11 201 1 1,805 1,664 70 8 2 1 33 27 51 141 8% 
 201 2 2,095 1,926 76 5 9 0 56 23 76 169 8% 
 206.01 1 2,703 1,406 539 3 22 0 650 83 928 1,297 48% 
 206.01 3 892 395 324 1 10 0 136 26 242 497 56% 
 207.01 1 1,727 1,005 468 4 6 0 226 18 373 722 42% 
 207.01 2 3,656 2,002 1,128 14 33 3 400 76 602 1,654 45% 
 208 1 710 539 133 0 1 0 24 13 39 171 24% 
 208 1 710 539 133 0 1 0 24 13 39 171 24% 
 208 2 879 478 362 2 0 0 31 6 72 401 46% 
 9302 2 1,974 1,694 144 3 107 1 10 15 28 280 14% 
 9309 3 1,691 1,449 161 4 23 0 39 15 62 242 14% 
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 9309 4 790 659 66 3 1 0 52 9 65 131 17% 
 9310 2 969 874 3 1 72 0 0 19 12 95 10% 
 9310 3 1,492 1,342 116 4 18 0 9 3 14 150 10% 
 9310 5 1,674 1,373 230 4 26 0 14 27 23 301 18% 
 9311 1 990 950 33 0 3 0 2 2 6 40 4% 
 9311 2 1,472 978 439 6 12 0 13 24 22 494 34% 
 9311 3 1,045 788 179 7 4 0 59 8 77 257 25% 
 9311 4 724 517 124 3 11 0 60 9 71 207 29% 
 Alternative Total 27,288 20,039 4,595 72 360 5 1,814 403 2,763 7,249 27% 

WTP 
A 201 1 1,805 1,664 70 8 2 1 33 27 51 141 8% 

 201 2 2,095 1,926 76 5 9 0 56 23 76 169 8% 
 Alternative Total 3,900 3,590 146 13 11 1 89 50 127 310 8% 
WTP 

B 201 1 1,805 1,664 70 8 2 1 33 27 51 141 8% 

 201 2 2,095 1,926 76 5 9 0 56 23 76 169 8% 
 201 3 2,366 2,244 46 7 16 2 27 24 55 122 5% 
 202.02 4 2,073 1,976 23 2 11 0 40 21 64 97 5% 
 202.04 3 1,301 1,279 1 2 3 0 7 9 12 22 2% 
 Alternative Total 9,640 9,089 216 24 41 3 163 104 258 551 6% 

WTP 
C 201 1 1,805 1,664 70 8 2 1 33 27 51 141 8% 

 201 2 2,095 1,926 76 5 9 0 56 23 76 169 8% 
 201 3 2,366 2,244 46 7 16 2 27 24 55 122 5% 
 Alternative Total 6,266 5,834 192 20 27 3 116 74 182 432 7% 
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4.16.1.1 ALTERNATIVE 1A 
The pump station, access roads, and pipe corridor associated with Alternative 1A traverses four 
U.S. census tracts and a total of ten block groups. Of these ten block groups, nine have minority 
populations below the North Carolina state average of 32 percent. Block group 2 of census 
track 9311 has an overall minority population 34 percent, which is two percent higher than the 
state average. The total minority population percentage in the block groups associated with the 
Alternative 1A infrastructure is 15 percent. 

4.16.1.2 ALTERNATIVE 1B 
The infrastructure associated with Alternative 1B crosses five census tracts and fourteen block 
groups. Of these fourteen block groups, only block group 2 of census tract 9311 has a minority 
population greater than the state average. The total minority population percentage in the block 
groups associated with Alternative 1B is 13 percent. 

4.16.1.3 ALTERNATIVE 2A 
The infrastructure associated with Alternative 2A travels through seven census tracts and 
seventeen block groups. The block groups associated with Alternative 2A all have minority 
population percentages that are below the state average. The total minority population 
percentage within the block groups associated with this alternative is 13 percent. 

4.16.1.4 ALTERNATIVE 2B 
There are twenty block groups and eight census tracts that are traversed by the infrastructure 
associated with Alternative 2B. No block groups associated with this alternative have a minority 
population that exceeds the state average.  The total minority population percentage in the 
block groups associated with this alternative is 13 percent. 

4.16.1.5 ALTERNATIVE 3A 
The pump station, access roads, and pipe corridor associated with Alternative 3A traverses five 
U.S. census tracts and eight block groups. Of these eight block groups, four have minority 
populations above the state average. Block group 2 of census track 9204 has the highest 
percentage minority population in the group with an overall minority population of 74 percent, 
which is 42 percent higher than the state average. The total minority population percentage in 
the block groups associated with the Alternative 3A infrastructure is 35 percent. 

4.16.1.6 ALTERNATIVE 3B 
The infrastructure associated with Alternative 3B crosses five census tracts and fifteen block 
groups. Of these fifteen block groups, twelve have a minority population greater than the state 
average with percentages ranging from 44 to 83. The total minority population percentage in the 
block groups associated with Alternative 3B is 52 percent. 

4.16.1.7 ALTERNATIVE 4 
There are four block groups and three census tracts that are traversed by the infrastructure 
associated with Alternative 4. One block group associated with this alternative has a minority 
population that exceeds the state average, which is block group 1 of census tract 9202 with a 
minority percentage of 44. The total minority population percentage in the block groups 
associated with this alternative is 20 percent. 
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4.16.1.8 ALTERNATIVE 5 
The infrastructure associated with Alternative 5 travels through two census tracts and three 
block groups. The block groups associated with Alternative 5 all have minority population 
percentages that are below the state average. The total minority population percentage within 
the block groups associated with this alternative is 10 percent. 

4.16.1.9 ALTERNATIVE 6 
There are seventeen block groups and ten census tracts that are traversed by the infrastructure 
associated with Alternative 6, including one block group in South Carolina. Only block group 1 of 
census tract 204.04 has a percent minority population greater than its state’s average as 
minority populations represent 37 percent of the block group. The total minority population 
percentage in the block groups associated with this alternative is 21 percent. 

4.16.1.10 ALTERNATIVE 7 
The infrastructure associated with Alternative 7 crosses three census tracts and seven block 
groups. No block groups associated with this alternative have a minority population that 
exceeds the state average. The total minority population percentage in the block groups 
associated with Alternative 7 is 8 percent. 

4.16.1.11 ALTERNATIVE 8 
There are twelve block groups and eight census tracts that are traversed by the infrastructure 
associated with Alternative 8. Four block groups associated with this alternative have a minority 
population percentage that exceeds the state average. The total minority population percentage 
in the block groups associated with this alternative is 23 percent. 

4.16.1.12 ALTERNATIVE 11 
The infrastructure associated with Alternative 11 travels through eight census tracts and 
nineteen block groups. Six block groups associated with Alternative 11 have minority population 
percentages that are greater than the state average, ranging from 34 to 56 percent. The total 
minority population percentage within the block groups associated with this alternative is 
27 percent. 

4.16.1.13 ALTERNATIVE WTP A  
The WTP A facility area is located in two block groups of one census tract. The population of 
both block groups is comprised of a lower percentage of minorities than the state as a whole. 
The total minority population in the two block groups represents 8 percent of the total population 
thereof. 

4.16.1.14 ALTERNATIVE WTP B 
The infrastructure associated with WTP B crosses three census tracts and five block groups. No 
block groups associated with this alternative have a minority population that exceeds the state 
average. The total minority population percentage in the block groups associated with 
Alternative WTP B is 6 percent. 
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4.16.1.15 ALTERNATIVE WTP C 
There are three block groups and one census tract that are traversed by the infrastructure 
associated with Alternative WTP C. None of the block groups associated with this alternative 
have a minority population percentage that exceeds the state average. The total minority 
population percentage in the block groups associated with this alternative is 7 percent. 

4.16.2 Low-Income Populations 

Low-income is defined by the U.S. Health and Human Services poverty guidelines. The census 
poverty thresholds are similar to the U.S. Health and Human Services thresholds. For the 
purpose of this analysis, low-income populations were identified as populations below the 
poverty level as reported in the U.S. census data. Low-income population data was extracted 
from the American Community Survey data available from the U.S. Census Bureau for 2011 
and is presented relative to the census tracts from the 2010 Census. The U.S. Census does not 
provide income data at the block group level. Therefore, the analysis of the population below the 
poverty level was performed relative to the census tracts in which the proposed project 
alternatives are designed. 

Low-income populations comprise approximately 17.9 percent of the total population in North 
Carolina and 18.9 percent of the total population in South Carolina. The census tracts 
containing the proposed project elements are herein collectively referred to as the IDSA. The 
percentage of the population in the IDSA is compared against the statewide percentages in 
order to evaluate the possibility of a disproportionate impact on low-income individuals. Data 
relative to the number of people and the percent of the population with income below the 
poverty threshold in 2011 in each census tract of the IDSA is provided in Table 4-19. Figure 4-
14 illustrates the percentage of low-income people in each census tract of the IDSA. 

Table 4-19 Low-Income Populations For Each Alternative Based on Census Tract and U.S. Census Bureau 
Data 

Alternative Census Tract Total Population Population 
Below Poverty 

Level 

% Below 
Poverty Level 

1A  201 5,986 529 9% 
  9309 6,105 680 11% 
  9310 5,885 642 11% 
  9311 4,924 820 17% 

Alternative Total 22,900 2,671 12% 
1B  201 5,986 529 9% 

  9307 4,267 379 9% 
  9309 6,105 680 11% 
  9310 5,885 642 11% 
  9311 4,924 820 17% 

Alternative Total 27,167 3,050 11% 
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Alternative Census Tract Total Population Population 
Below Poverty 

Level 

% Below 
Poverty Level 

2A  9312.02 3,309 341 10% 
  201 5,986 529 9% 
  9301.02 4,046 774 19% 
  9303 3,493 309 9% 
  9305 3,534 368 10% 
  9307 4,267 379 9% 
  9309 6,105 680 11% 

Alternative Total 30,740 3,380 11% 
2B  9312.02 3,309 341 10% 

  201 5,986 529 9% 
  9301.01 3,570 333 9% 
  9301.02 4,046 774 19% 
  9303 3,493 309 9% 
  9305 3,534 368 10% 
  9307 4,267 379 9% 
  9309 6,105 680 11% 

Alternative Total 34,310 3,713 11% 
3A  201 5,986 529 9% 

  9201 3,427 763 22% 
  9202 2,061 691 34% 
  9203 5,839 1,143 20% 
  9204 3,183 559 18% 

Alternative Total 20,496 3,685 18% 
3B  208 5,261 606 12% 

  9201 3,427 763 22% 
  9203 5,839 1,143 20% 
  9204 3,183 559 18% 
  9205 5,648 1,452 26% 

Alternative Total 23,358 4,523 19% 
4  201 5,986 529 9% 
  9202 2,061 691 34% 
  9203 5,839 1,143 20% 

Alternative Total 13,886 2,363 17% 
5  9309 6,105 680 11% 
  201 5,986 529 9% 

Alternative Total 12,091 1,209 10% 
6  203.06 6,124 254 4% 
  203.07 6,290 246 4% 
  203.08 5,096 195 4% 
  204.01 6,105 879 14% 
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Alternative Census Tract Total Population Population 
Below Poverty 

Level 

% Below 
Poverty Level 

  204.03 4,674 748 16% 
  204.04 6,533 2,161 33% 
  210.05 3,817 252 7% 
  210.14 2,932 293 10% 
  210.15 4,191 493 12% 
  112.02 8,928 858 10% 

Alternative Total 54,690 6,379 12% 
7  57.14 4,701 314 7% 
  202.03 3,558 70 2% 
  202.04 3,597 233 6% 

Alternative Total 11,856 617 5% 
8  205.02 3,773 472 13% 
  206.01 4,749 1,363 29% 
  206.02 4,476 1,118 25% 
  207.02 3,743 697 19% 
  208 5,261 606 12% 
  209.01 4,641 267 6% 
  209.02 5,879 762 13% 
  210.05 3,817 252 7% 

Alternative Total 36,339 5,537 15% 
11  201 5,986 529 9% 

  206.01 4,749 1,363 29% 
  207.01 4,764 582 12% 
  208 5,261 606 12% 
  9302 3,149 512 16% 
  9309 6,105 680 11% 
  9310 5,885 642 11% 
  9311 4,924 820 17% 

Alternative Total 40,823 5,734 14% 
WTP A 201 5,986 529 9% 

Alternative Total 5,986 529 9% 
WTP B 201 5,986 529 9% 

 202.02 6,300 172 3% 
 202.04 3,597 233 6% 

Alternative Total 15,883 934 6% 
WTP C 201 5,986 529 9% 

Alternative Total 5,986 529 9% 
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4.16.2.1 ALTERNATIVE 1A 
Four census tracts are traversed by the infrastructure that comprises Alternative 1A. None of 
these census tracts has a low-income population that is greater than that of the North Carolina 
state average, which is 17.9 percent. The overall low-income population in the Alternative 1A 
census tracts is 12 percent. 

4.16.2.2 ALTERNATIVE 1B 
The infrastructure associated with Alternative 1B traverses five census tracts. Each one of these 
census tracts has a low-income population percentage, which is below the state average. The 
census tracts associated with Alternative 1B have an overall low-income population percentage 
of 11 percent. 

4.16.2.3 ALTERNATIVE 2A 
Alternative 2A infrastructure passes through seven census tracts. Of these seven tracts, only 
census tract 9301.02, with a low-income population of 19 percent, has a higher low-income 
population percentage than the state average. When combined, the census tracts associated 
with Alternative 2A have an 11 percent low-income population. 

4.16.2.4 ALTERNATIVE 2B 
The infrastructure associated with Alternative 2B traverses eight census tracts. One of these 
census tracts has a low-income population percentage that is above the state average. The 
census tracts associated with Alternative 2B have an overall low-income population percentage 
of 11 percent. 

4.16.2.5 ALTERNATIVE 3A 
Alternative 3A infrastructure passes through five census tracts. Of these five tracts, four have 
low-income population percentages greater than the state average. Census tract 9202, with a 
low-income population of 34 percent, has the highest low-income population percentage of the 
census tracts associated with Alternative 3A. When combined, the census tracts associated with 
Alternative 3A have an 18 percent low-income population percentage. 

4.16.2.6 ALTERNATIVE 3B 
The infrastructure associated with Alternative 3B traverses five census tracts. Of these five 
tracts, four have low-income population percentages greater than the state average. Census 
tract 9205, with a low-income population of 26 percent, has the highest low-income population 
percentage of the census tracts associated with Alternative 3B. The census tracts associated 
with Alternative 3B have an overall low-income population percentage of 19 percent. 

4.16.2.7 ALTERNATIVE 4 
Three census tracts are traversed by the infrastructure that comprises Alternative 4. Two of 
these census tracts have a low-income population percentage that is greater than the state 
average, ranging from 20 to 34 percent. The overall low-income population in the Alternative 4 
census tracts is 17 percent. 
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4.16.2.8 ALTERNATIVE 5 
Alternative 5 infrastructure passes through two census tracts. Neither of these two tracts has a 
low-income population percentage above the state average. When combined, the census tracts 
associated with Alternative 5 have a 10 percent low-income population percentage. 

4.16.2.9 ALTERNATIVE 6 
Ten census tracts are traversed by the infrastructure that comprises Alternative 6. One of these 
census tracts has a low-income population that is greater than state average, with a low-income 
population representing 33 percent of the total. The overall low-income population in the 
Alternative 6 census tracts is 12 percent. 

4.16.2.10 ALTERNATIVE 7 
Alternative 7 infrastructure passes through three census tracts. Each one of these census tracts 
has a low-income population percentage below the state average. When combined, the census 
tracts associated with Alternative 7 have a 5 percent low-income population. 

4.16.2.11 ALTERNATIVE 8 
Eight census tracts are traversed by the infrastructure that comprises Alternative 8. Three of 
these census tracts have a low-income population that is greater than the state average and 
ranges from 19 to 29 percent. The overall low-income population in the Alternative 8 census 
tracts is 15 percent. 

4.16.2.12 ALTERNATIVE 11 
The infrastructure associated with Alternative 11 traverses eight census tracts. One of these 
census tracts has a low-income population percentage that is greater than the state average, 
representing 29 percent of the tract’s total population. The census tracts associated with 
Alternative 11 have an overall low-income population percentage of 14 percent. 

4.16.2.13 ALTERNATIVE WTP A 
The infrastructure associated with the WTP A Alternative is located in a single census tract. The 
low-income population percentage of the census tract is lower than the state average. Nine 
percent of the population of the census tract has a household income below the poverty level. 

4.16.2.14 WTP B 
The infrastructure associated with the WTP B Alternative traverses three census tracts. None of 
these three census tracts has a low-income population percentage greater than the state 
average. The census tracts associated with the WTP B Alternative have an overall low-income 
population percentage of 6 percent. 

4.16.2.15 WTP C 
One census tract is traversed by the infrastructure that comprises the WTP C Alternative.  This 
census tract has a low-income population percentage that is lower than the state average.  The 
overall low-income population in the WTP C Alternative census tract is 9 percent. 
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5.0 ENVIRONMENTAL CONSEQUENCES 
5.1. Introduction 
An assessment of the potential direct, indirect, and cumulative impacts that may result from the 
proposed project is provided in this section. Direct impacts are immediate impacts related to 
construction associated with the proposed project. Indirect impacts are the result of a specific 
activity that occurs later in time and are reasonably foreseeable. Cumulative effects result from 
the incremental impact of the proposed activity when added to other past, present, and 
reasonably foreseeable future activities regardless of the constituents originating from any other 
activity.  

The duration of an impact is denoted in this EIS as temporary or permanent. Temporary impacts 
are those impacts that are not expected to persist more than one year following completion of 
construction activities associated with the proposed project. Permanent impacts are those 
impacts that are expected to last longer than one year after completion of construction and may 
not have a definite end. 

The relative severity of an impact is denoted in this EIS as negligible, minor, moderate, or major. 
Negligible impacts are those impacts that may occur but may not be detectable. Minor impacts 
are those impacts that are measurable but are clearly not significant. Moderate impacts are 
impacts whose effects may require additional care, employment of best management practices 
(BMPs), application of precautionary measures to minimize adverse impacts, or have some 
uncertainty inherent in whether the effects forecast by a predictive model would occur. Major 
Significant impacts are defined by the Council on Environmental Quality regulations 40 CFR 
1508.27 as requiring consideration of both context and intensity of the effect. 

A detailed discussion of each of the project alternatives is provided in Section 3. Alternative 9 is 
located exclusively within areas currently in use as water treatment facilities. This alternative 
does not require new infrastructure or the use of land outside of the treatment facilities, so direct 
impacts to natural resources are not anticipated. As such, a discussion of direct impacts for 
Alternative 9 is not provided in this section. Alternative 10, direct potable reuse, is also not 
assessed in this section due to this alternative being eliminated from consideration on current 
regulatory framework. 

With the exception of Alternatives 9 and 10, discussion of the affected environment for each 
alternative is provided in in this section. The easement locations and widths as well as the pump 
station and WTP site boundaries used for quantification of the project alternative impacts are 
within the accuracy of conceptual design. Revisions to portions of the easements are 
anticipated during the design and construction phases of the project to account for construction 
width required for installation of pipe at depth and relocation around infrastructure constraints, 
such as fiber optic lines. Slight modifications to the easement width and location of an 
alternative are not anticipated to have significant impact to the resources discussed herein. Any 
modifications to easement location and width during later phases of the project will take into 
account impacts to natural resources via the appropriate construction permits. As previously 
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stated, the well field associated with Alternative 8 consists of 28,300 acres. Implementation of 
Alternative 8 will not require development of the entire 28,300 acre area; however, the location 
and size of the infrastructure associated with each individual well and the associated manifold 
system and infrastructure is not known at this time. Therefore, quantification of impacts 
associated with the well field for Alternative 8 is not provided herein.  

5.2. Topography and Geology 
5.2.1. Common Elements of Alternatives 

Temporary and permanent direct impacts to topography and geology from construction of the 
proposed transmission line, raw water intake or discharge structure, pump station, access road, 
and WTP alternatives are expected to be minor. Installation of the transmission line will involve 
excavation of soils, placement of the pipe, and backfilling of the trenches to original grade and 
elevation. Installation of the proposed transmission line will not significantly modify the existing 
topography, as all areas disturbed for this purpose will be returned as nearly as possible to 
original grade and elevation. Stream crossings in the Goose Creek watershed proposed for 
Alternative 7 will be constructed using trenchless installation methods, in accordance with the 
Site-Specific Water Quality Management Plan for Goose Creek Watershed (GCWQMP) 
(NCDENR, 2009). 

Construction of a pump station and construction or expansion of a WTP will require excavation 
of soils, concrete construction, installation of equipment, and final grading. Grading of small 
areas to accommodate the raw water intake, discharge structure, or access road portions of 
each alternative may be necessary. Minor indirect and cumulative impacts due to the 
anticipated growth and development in the service area are expected to occur. 

5.2.2. Alternative 5 

An approximately 200-foot long low-head dam associated with Alternative 5 will extend across 
the Rocky River upstream of NC 205. The low-head dam is anticipated to rise approximately 24 
inches above ordinary high water. Construction of the low-head dam will have direct, 
permanent, minor impacts to topography (Table 5-1).  

5.2.3. Alternative 8 

Impacts to geology from construction and operation of Alternative 8 are anticipated. The 
purpose of the groundwater wells proposed under Alternative 8 will be to extract water from the 
fractured regolith crystalline rock aquifer. In order to install the well to the required depth, 
geology will be impacted. The impacts are expected to be direct, minor, and permanent.  

5.2.4. No-Action Alternative 

The No-Action Alternative includes no excavation, grading, or other disturbance of the existing 
land surface and will therefore not directly impact topography or geology. The anticipated 
growth and development is expected to occur even with implementation of the No-Action 
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Alternative. Minor indirect and cumulative impacts to topography and geology from future growth 
and development in the service area are expected to occur.  

Table 5-1 Impacts to Topography per Alternative 

Alternative Temporary Impact Area, acres Permanent Impact Area, acres 
1A 551.9 0.1 
1B 623.8 0.1 
2A 758.5 0.1 
2B 783.0 0.1 
3A 709.6 0.1 
3B 831.1 0.1 1 
4 484.7 1.4 
5 67.2 0.3 
6 576.1 0.1 1 
7 137.8 0.1 

8 2 325.7 0.1 1 
11 1,065.4 0.1 

WTP A ---- ----1 
WTP B 167.4 ----1 
WTP C 149.3 ----1 

1 Impacts do not include the WTPs as the layouts thereof have not yet been determined. 
2 The well field area is not included since the footprint of impact for the infrastructure will be significantly less 
than the study area. 
 

5.3. Soils 
5.3.1. Common Elements of Alternatives 

Impacts to soils from construction activities associated with the proposed alternatives are 
anticipated to be direct, minor, adverse, and temporary. The impacts may result from land 
clearing, excavation and grading, and temporary construction access roads. Fuel, oil, and other 
emissions from construction vehicles may also cause minor, localized impacts. The 
construction-related effects will be minimized to the extent practicable via the implementation of 
an Erosion and Sediment Control Plan, which will be approved by DENR prior to the 
commencement of work. 

Long-term, permanent impacts to soils will result from the above ground structures proposed for 
Alternatives 1A, 1B, 2A, 2B, 3A, 3B, 4, 5, 8, 11, WTP A, WTP B, and WTP C (Table 5-2). The 
aboveground structures include the proposed pump stations, access roads, low-head dam, 
wells, and WTPs. The impacts will be confined to the footprint of the proposed structures and 
the immediately adjacent areas. Permanent impacts are expected to be direct, minor, and 
adverse. Minor indirect and cumulative impacts to soils from anticipated growth and 
development in the service area are expected to occur. 
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Table 5-2 Impacts to Soils per Alternative 

Alternative Temporary Impact Area, acres Permanent Impact Area, acres 
1A 551.9 0.1 
1B 623.8 0.1 
2A 758.5 0.1 
2B 783.0 0.1 
3A 709.6 0.1 
3B 831.1 0.1 1 
4 484.7 1.4 
5 67.2 0.1 
6 576.1 0.1 1 
7 137.8 0.1 

8 2 325.7 0.1 1 
11 1,065.4 0.1 

WTP A ---- ----1 
WTP B 167.4 ----1 
WTP C 149.3 ----1 

1 Impacts do not include the WTPs as the layouts thereof have not yet been determined. 
2 The well field area is not included since the footprint of impact for the infrastructure will be significantly less 
than the study area. 

5.3.2. No-Action Alternative 

The No-Action Alternative includes no land disturbance activities and will therefore have no 
direct impact to soils. Growth and development in the service area is expected to occur even 
with implementation of the No-Action Alternative. Therefore, minor indirect and cumulative 
impacts to soils due to growth and development are anticipated to occur. 

5.4. Land Use 
5.4.1. Zoning 

5.4.1.1. COMMON ELEMENTS TO ALL ALTERNATIVES 
The current zoning of the project areas is primarily residential, commercial, industrial, and 
agricultural. Small areas of office and apartments, manufacturing, institutional, special use and 
conditional, public and semi-public lands, wooded and undeveloped areas, and parks, 
recreation, and open space districts comprise the remainder of the project areas. Utility 
easements do not require rezoning of the easement or of the parcel in which the easement 
occurs. The proposed areas for WTP sites are located in residential zoning districts. County-
owned utilities and government services are permitted by right within all zones in Unionville and 
in unincorporated Union County. Therefore, no rezoning is required for implementation of the 
proposed project, regardless of which alternative is selected. As some areas in which project 
alternatives are located are not zoned, the acreage of the zoning within each alternative’s 
footprint cannot be calculated. Minor indirect and cumulative impacts due to the anticipated 
growth and development in the service area are expected to occur regardless of the selected 
alternative. 
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5.4.1.2. NO-ACTION ALTERNATIVE 
The No-Action Alternative will not involve the acquisition of easements or change to an existing 
tract of land. Current compliance by the County with existing zoning classifications and 
restrictions will not be altered by implementing the No-Action Alternative. Future development 
may result in an increased need for private wells to ensure access to drinking water, which may 
affect future compliance with zoning classifications and development intensities. Minor indirect 
and cumulative impacts due to the anticipated growth and development in the service area are 
expected to occur under the No-Action Alternative. 

5.4.2. Land Use Plans 

Land Use Plans or other similar planning documents have been developed and approved by 
several municipalities and counties in which a portion of the project is located. Anson, 
Lancaster, Stanly, and Union County along with the municipalities of Waxhaw, Mineral Springs, 
Wesley Chapel, Marvin, Weddington, Indian Trail, Stallings, Hemby Bridge, Lake Park, Fairview, 
Unionville, Wingate, Norwood, Ansonville, New London, Wadesboro, and Peachland all have 
adopted a land use planning framework.  Growth in the project service area is expected to 
continue, and demand for water provision is anticipated to increase accordingly. The proposed 
project is consistent with the existing and long-term land uses detailed in the aforementioned 
land use plans. 

5.4.3. Existing Land Use 

In the transmission line corridor areas where existing land cover is wooded, the corridor will be 
converted to an herbaceous and/or scrub-shrub cover type during construction. Where feasible, 
removal of large trees at the edges of construction areas will be avoided. A portion of the 
easements will be maintained as permanent easements to allow for unobstructed access for 
routine inspection and maintenance. The width of the maintained easement will be reduced to 
the extent feasible. The remainder of the easements, the temporary construction areas, will be 
allowed to re-vegetate to a natural wooded community. 

Cleared areas associated with the proposed WTP sites and pump stations will be minimized to 
the extent feasible. Removal of vegetation will be limited to the areas necessary to 
accommodate the construction of the proposed infrastructure. A cleared buffer around the 
proposed aboveground infrastructure will be maintained in perpetuity to allow for unobstructed 
access to the structures for routine inspection and maintenance. An unaltered buffer around the 
perimeter of the WTP sites will be protected to provide a natural screen between the WTP and 
existing residences, commercial properties, and adjacent agricultural lands. 

Tree Protection Area fences and/or signage will be placed along the clearing limits of the project 
areas to avoid accidental removal of trees. To improve habitat for wildlife, woody debris from 
corridor clearing will be used to establish brush piles, and downed logs will be placed adjacent 
to the maintained areas, where feasible. Impacts are not anticipated to be significant.  

Existing land use on impacted private property will be allowed to continue to the greatest extent 
practicable. In agricultural areas, current land usage will be impeded for a brief period to 
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accommodate installation of the proposed transmission line. Upon completion of construction 
within each area, previous agricultural activities may resume. Impacts to agricultural areas will 
be direct, temporary, adverse, and negligible. 

In areas that are developed for residential, commercial, institutional, or industrial purposes, 
temporary direct impacts are expected to occur during construction. The impacts are likely to 
involve driveway and entrance crossings and excavation of lawn areas. Use of the properties for 
the existing uses may be hindered temporarily during construction on the respective parcels. 

5.4.3.1. COMMON ELEMENTS OF ALL ALTERNATIVES 
The project alternatives require the acquisition of easements from private owners, commercial 
entities, NCDOT, and other utility providers. Streams and roadways will be traversed by each 
alternative’s transmission line corridor. The land area required for acquisition varies by 
alternative. The pump station sites and access road corridors are principally located in 
previously disturbed or currently maintained areas. The access roads associated with 
Alternatives 1A, 1B, 2A, 3A, 3B, and 4 are situated entirely within the proposed transmission 
line corridor, and the access roads for Alternatives 2B and 5 are partially within the proposed 
transmission line corridor. It is assumed that all areas within the transmission line corridors have 
the potential for disturbance. It is anticipated that the maintained access corridor within the 
permanent easement will be a reduced to the extent feasible. 

All project alternatives will require clearing of wooded/undeveloped land. The 
wooded/undeveloped land consists of areas adjacent to infrequently maintained areas including 
roadways and existing utility easements as well as areas adjacent to more regularly maintained 
areas such as residential, commercial, and agricultural properties. Wooded/undeveloped areas 
in the proposed project footprints range from large tracts of mature forest to narrow strips of 
trees between farm fields or developed properties. More than 50 percent of the pump station 
and access road footprints for Alternatives 2B, 3A, and 3B as well as WTPs B and D require 
conversion of wooded/undeveloped land to either maintained herbaceous or built-upon area. 
Due to existing development or land usage, less than 50 percent of the remaining project areas 
require conversion of the existing land cover from wooded/undeveloped to maintained.  

Siting of the transmission line corridors and aboveground infrastructure was conducted with 
preference given to existing maintained corridors for the alignments, including roadsides and 
existing utility easements, and to existing pump station sites or otherwise disturbed sites for the 
proposed pump stations, respective access roads, and WTPs. Utilizing areas that are currently 
maintained reduces the land area that will be converted from wooded/undeveloped to 
herbaceous or scrub-shrub to accommodate the proposed infrastructure. Impacts to residential, 
commercial, institutional, and industrial land uses are expected to occur as a result of any of the 
build alternatives. Developed areas will be affected by increased use of existing infrastructure 
and facilities as well as a rise in development pressures. It is expected that development 
pressures will also affect agricultural lands in the project areas. 

Table 5-3 provides a summary of temporary and permanent direct impacts to presently 
wooded/undeveloped lands for each alternative. Temporary and permanent impacts to land use 
during and after construction of the project alternatives will be localized, adverse, and moderate. 
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Minor, indirect and cumulative impacts to existing land use will result from the increased volume 
of available drinking water within the service area, which will support future growth and 
development. Minor, indirect and cumulative impacts to land use are also expected to occur in 
the form of further conversion of wooded/undeveloped and agricultural lands to residential, 
commercial, institutional and industrial lands for all alternatives. 

5.4.3.2. COMMON ELEMENTS OF ALTERNATIVES 1A AND 1B 
Alternatives 1A and 1B utilize portions of the existing water and overhead electric easements 
and require the acquisition of additional easements from private owners, commercial entities, 
and NCDOT. These alternatives will require crossing streams and roadways. Approximately 27 
and 31 percent of the corridor for Alternatives 1A and 1B, respectively, are located in existing 
wooded/undeveloped areas that would be converted to utility easement. The pump station and 
access road for Alternatives 1A and 1B will be constructed within the currently maintained area 
associated with the existing Town of Norwood pump station. Direct impacts to land use from 
implementation of Alternatives 1A or 1B are anticipated to be temporary and permanent, 
adverse, and moderate. 

5.4.3.3. COMMON ELEMENTS OF ALTERNATIVES 2A AND 2B 
Alternatives 2A and 2B utilize portions of the existing water easements and will require the 
acquisition of additional easements from private owners, commercial entities, and NCDOT. 
These alternatives will require crossing streams and roadways. Approximately 22 and 20 
percent of the water main corridors, respectively, are sited in wooded/undeveloped areas that 
would be converted to utility easement. While new easements will be necessary through the 
agricultural, residential, commercial, and institutional portions of the water main corridor, 
existing land uses will be allowed to continue post-construction. The pump station and access 
road for Alternative 2A will be constructed within the currently maintained area associated with 
the existing City of Albemarle pump station. The pump station and access road for Alternative 
2B have been sited in a wooded/undeveloped area adjacent to the existing Tuckertown WTP 
pump station and access road. Temporary and permanent, adverse, moderate, direct impacts to 
land use will occur if Alternatives 2A or 2B are implemented.  

5.4.3.4. ALTERNATIVE 3A 
Alternative 3A utilizes portions of an existing overhead utility easement and requires the 
acquisition of additional easements from NCDOT as well as private property owners. Streams 
and roadways will be crossed by the water main corridor. Approximately 36 percent of the 
corridor’s wooded/undeveloped areas would be converted to a utility easement. The proposed 
pump station and access road will be constructed in a wooded/undeveloped area abutting the 
existing Anson County emergency raw water intake and pump station. Moderate, adverse, 
temporary and permanent, direct impacts to wooded/undeveloped land use are anticipated to 
occur relative to implementation of Alternative 3A. 

5.4.3.5. ALTERNATIVE 3B 
Alternative 3B is primarily located adjacent to U.S. 74 and abuts existing utility easements. 
Additional easements may be required from other utilities, NCDOT, or private individuals and 
commercial entities. Streams and roadways will be crossed by the water main corridor. 
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Approximately 37 percent of the corridor consists of wooded/undeveloped lands, which would 
be converted to a utility easement. The pump station and access road locations are identical to 
Alternative 3A. The WTP D area will be modified from its current condition to accommodate 
construction of the proposed WTP, an area which is primarily wooded/undeveloped with some 
agricultural use and a small number of residences. Temporary and permanent, moderate, direct 
impacts to wooded/undeveloped land use are anticipated from Alternative 3B implementation.  

5.4.3.6. ALTERNATIVE 4  
Alternative 4 requires the acquisition of easements from NCDOT, private property owners, and 
commercial entities. Streams and roadways will be crossed by the water main corridor. 
Wooded/undeveloped lands converted to a utility easement represent approximately 35 percent 
of the Alternative 4 corridor. The pump station and access road are located on private property 
that is currently agricultural and wooded/undeveloped land. Direct, adverse impacts to land use 
from Alternative 4 are anticipated to be temporary and permanent, and moderate.  

5.4.3.7. ALTERNATIVE 5  
Alternative 5 is located adjacent to existing roadways and requires the acquisition of easements 
from NCDOT and private property owners along the water main corridor. Coordination with 
other utility providers who may have existing easements in the same location may be 
necessary, if applicable. Streams and roadways will be crossed by the water main corridor. 
Approximately 21 percent of the corridor is located in wooded/undeveloped areas and will be 
converted to a utility easement if Alternative 5 is implemented. The pump station, access road, 
and low-head dam are located adjacent to an NCDOT right-of-way (ROW) and may also require 
private property easements. The area of inundation associated with the low-head dam will be 
confined to within the existing river banks. No newly inundated areas are expected to develop 
as a result of the proposed dam. Therefore, no change in land use is expected to result from the 
water level rise associated with the operation of the proposed dam. Moderate, direct, adverse 
impacts that will be temporary and permanent are anticipated relative to implementation of 
Alternative 5.  

5.4.3.8. ALTERNATIVE 6  
Alternative 6 is located at the existing Catawba River WTP in Lancaster County, South Carolina 
and in South Carolina DOT and NCDOT ROWs. Easements from the respective DOTs will be 
required. Additional easements may be necessary from private property owners and commercial 
or institutional entities. Construction of the water main will require stream and roadway 
crossings. Wooded/undeveloped areas converted to utility easement comprise approximately 
35 percent of the Alternative 6 corridor. The pump station and access road will be located within 
areas currently being operated and maintained as part of the Catawba River WTP. Temporary 
and permanent, moderate, direct impacts to land use are anticipated from implementation of 
Alternative 6.  

5.4.3.9. ALTERNATIVE 7  
Alternative 7 connects two existing water distribution networks and requires acquisition of 
easements from NCDOT. Additional easement acquisition may be necessary from private and 
commercial property owners along the water main corridor. Roadway and stream crossings will 
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be necessary for the installation of the water main. The stream crossings located within the 
Goose Creek watershed will have restrictions on construction and land disturbing activities per 
the GCWQMP (NCDENR, 2009). The GCWQMP and the applicable restrictions are discussed 
in Section 6. Approximately 23 percent of the proposed Alternative 7 corridor is sited in 
wooded/undeveloped areas. Some of the wooded/undeveloped areas in the project area are 
protected under the GCWQMP and will not be permanently impacted. Direct, adverse impacts 
to land use from Alternative 7 are anticipated to be temporary and permanent, and moderate.  

5.4.3.10. ALTERNATIVE 8 
Alternative 8 includes the proposed groundwater well field, water main corridor connecting the 
well field to the proposed WTP D, and the WTP D site. Land use in the well field is a mix of 
agricultural and wooded/undeveloped. The network of wells and raw water mains for the well 
field system has not been determined; however, developed parcels would not be pursued as 
locations for groundwater wells. The water main corridor includes agricultural, residential, and 
undeveloped areas. Approximately 18 percent of the corridor is located in wooded/undeveloped 
areas. The WTP D area will be modified from its current condition, which is primarily 
wooded/undeveloped with some agricultural use and a small number of residences. Temporary 
and permanent, adverse, and direct impacts to land use from implementation of Alternative 8 
are anticipated to be moderate.  

5.4.3.11. ALTERNATIVE 11  
Alternative 11 follows existing roads from the City of Monroe WWTP to Lake Tillery at the 
NC 27/NC 24 Bridge. Approximately 49 percent of the proposed transmission line corridor is 
located in developed areas, including NCDOT ROWs, residential parcels, institutional and 
commercial sites, and an industrial facility. Agricultural lands and forest areas comprise 
approximately 29 percent and 22 percent of the transmission line corridor, respectively. 
Construction of the transmission line will require stream and roadway crossings. Acquisition of 
utility easement will be required. The pump station required for the alternative will be located 
within the existing City of Monroe WWTP site. Direct, adverse impacts to land use from 
implementation of Alternative 11 are anticipated to be temporary and permanent, and moderate.   

5.4.3.12. ALTERNATIVE WTP A 
The WTP A area is used primarily for agricultural purposes, which represents approximately 
80 percent of the area. Wooded/undeveloped and residential areas account for approximately 
18 percent and 2 percent of the area, respectively. Conversion of agricultural and/or 
wooded/undeveloped lands to built-upon area and maintained herbaceous areas is anticipated 
to occur within a portion of the impact area of Alternative WTP A. Avoidance of the residences 
in the WTP A area is expected. Temporary and permanent, adverse, direct impacts to land use 
from Alternative WTP A are anticipated to be moderate.  

5.4.3.13. ALTERNATIVE WTP B 
The water main corridor associated with WTP B follows existing roadways. Developed and 
agricultural lands comprise approximately 73 percent of the corridor. Wooded/undeveloped 
areas cover the remaining 27 percent. The WTP area is approximately 67 percent agricultural, 
30 percent wooded, and 3 percent residential. A portion of the area is proposed to be converted 
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to built-upon land and maintained lawn areas. Direct impacts to land use from implementation of 
Alternative WTP B are anticipated to be temporary and permanent, adverse, and moderate.  

5.4.3.14. ALTERNATIVE WTP C 
The WTP C water main corridor follows existing roadways adjacent to wooded/undeveloped and 
agricultural lands. Wooded/undeveloped, agricultural, and developed areas each comprise 
approximately one-third of the corridor. A portion of the wooded/undeveloped and agricultural 
areas is proposed to be converted to a maintained utility easement. WTP C is approximately 25 
percent residential, 20 percent wooded/undeveloped, and 55 percent agricultural land. A portion 
of the agricultural and wooded/undeveloped areas are proposed to be converted to built-upon 
land and maintained lawn. Avoidance of the residences is expected to be incorporated into the 
design of the facility. Adverse, direct impacts to land use anticipated to occur relative to 
Alternative WTP B will be temporary and permanent, and moderate.  

Table 5-3 Presently Wooded/Undeveloped Area Impacts in Project Area 

Project 
Component 

Alternative(s) Temporary Impact 
Area, acres 

Permanent Impact 
Area, acres 

Transmission line 
Corridor 

1A 146.0 4.7 
1B 184.9 6.6 
2A 162.7 2.0 
2B 154.8 2.0 
3A 255.0 3.0 
3B 245.6 1.0 
4 161.4 4.5 
5 13.2 0.4 
6 201.8 1.5 
7 30.9 0.5 
8 15.9 0.1 
11 230.5 3.5 
WTP B 20.9 0.6 
WTP C 27.9 1.0 

Pump Station 1A and 1B <0.1 <0.1 
2A <0.1 <0.1 
2B <0.1 <0.1 
3A and 3B <0.1 <0.1 
4 <0.1 <0.1 
5 <0.1 <0.1 

Access Road 1 2B ---- 0.1 
3A and 3B ---- <0.1 
5 ---- <0.1 

Water Treatment 
Plant 2 

WTP A ---- ---- 
3B and 8 (WTP D) ---- ---- 
6 (Catawba River WTP) ---- ---- 
WTP B ---- ---- 
WTP C ---- ---- 

1 The areas provided for the access roads include only the portion of the access road footprint that is not located in 
the permanent easement portion of the pipe corridor. 
2 Impacts do not include the well field or WTPs as the layouts thereof have not yet been determined. 
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5.4.3.15. NO-ACTION ALTERNATIVE 
The No-Action Alternative will not directly impact land use. Minor indirect and cumulative 
impacts due to the anticipated growth and development in the service area are expected to 
occur. 

5.5. Public Lands and Scenic, Recreational, and State Natural 
Areas 

5.5.1. Common Elements of All Alternatives 
All of the transmission line corridors associated with the alternatives, except Alternatives 6, 
WTP B, and WTP C, traverse areas of parks, land managed for open space, or Significant 
Natural Heritage Areas (SNHA). All of the alternatives, except Alternative WTP A, have project 
components within streams or reservoirs. Table 5-4 provides a summary of the public lands and 
scenic, recreational, and state natural areas by alternative. Recreational bike routes are listed 
separately in Table 5-4, as quantification of the area impacted by the proposed alternatives is 
provided by length of bike route within the transmission line corridors versus acreage of impact. 
A permanent easement that allows unobstructed access to the transmission line for routine 
inspection and maintenance will be required in the corridors. Impacts associated with the 
permanent easement include conversion of forest to herbaceous and scrub-shrub land covers. 

Moderate temporary impacts to recreational boating and fishing within the streams traversed by 
the transmission line corridors associated with the alternatives will occur during construction of 
the proposed project. Moderate, temporary impacts will also occur to the visitors of the parks, 
other open space, and public lands in the proposed transmission line corridors associated with 
the alternatives during construction activities. However, the resources will be restored to their 
full functionality upon completion of construction.  

Negligible, permanent impact will occur to the future use or development in the transmission line 
corridors from development restrictions that will be imposed on the corridors such that routine 
inspection and maintenance of the corridor is not impeded. Permanent impacts to parks, open 
space, and public lands in the project areas or project vicinity are anticipated to be negligible. 
Moderate, permanent impacts to SNHAs, which vary slightly between the alternatives, will occur 
from construction of most of the transmission line corridors. Following construction, potential 
direct impacts to recreational use of the streams, parks, and bike routes will be limited to visual 
impacts due to the need to maintain a mowed permanent access corridor.  

With the exception of the pump station and access road associated with Alternatives 3A and 3B, 
the pump stations and access roads associated with the project alternatives will not occur on 
public lands, in parks or recreation areas, or in SNHAs. Construction of the pump station and 
access road associated with Alternatives 3A and 3B will have a minor, permanent, adverse 
impact to approximately 0.5 and 0.8 acre of land within the Pee Dee River State Game Land, 
respectively.  

Minor indirect and cumulative impacts to public lands and scenic, recreational, and state natural 
areas are anticipated to occur from future growth in the service area. Growth is anticipated to 
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occur in the service area regardless of implementation of the proposed project. Minor indirect 
and cumulative impacts to the previously mentioned resources associated with the project areas 
of all alternatives are anticipated to include an increase in public use of parks, greenways, and 
other public lands in the project area as the population grows. 

Table 5-4 Public Lands and Scenic, Recreational, and State Natural Areas 

Alternative Bike Routes, 
miles 

Parks and 
Open Space, 

acres 

Other Public 
Lands, 
acres 
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Alternative 1A 5.3 ---- ---- ---- ---- ---- 7.2 ---- 
Alternative 1B 0.3 ---- 0.9 ---- ---- ---- 5.6 ---- 
Alternative 2A 14.0 ---- ---- ---- ---- ---- 5.6 ---- 
Alternative 2B 14.0 ---- ---- ---- ---- ---- 9.4 ---- 
Alternative 3A ---- ---- ---- ---- 5.5 0.5 41.0 ---- 
Alternative 3B ---- ---- ---- ---- 9.8 0.8 5.7 ---- 
Alternative 4 ---- ---- ---- ---- ---- ---- 0.5 ---- 
Alternative 5 ---- ---- ---- ---- ---- ---- 5.5 ---- 
Alternative 6 ---- ---- ---- ---- ---- ---- ---- ---- 
Alternative 7 ---- ---- 0.4 ---- ---- ---- 0.2 ---- 
Alternative 8 1 ---- ---- ---- ---- ---- ---- ---- ---- 
Alternative 11 10.6 ---- ---- ---- ---- ---- 8.4 ---- 
WTP A ---- ---- ---- ---- ---- ---- ---- ---- 
WTP B ---- ---- ---- ---- ---- ---- ---- ---- 
WTP C ---- ---- ---- ---- ---- ---- 7.2 ---- 
1 Impacts do not include the well field as the layout thereof has not yet been determined. 

5.5.2. No-Action Alternative 
Direct impacts to public lands and scenic, recreational, or state natural areas will not occur from 
the No-Action Alternative. The No-Action Alternative will not include land disturbance on public 
lands or scenic, recreational, or state natural areas. No indirect or cumulative impacts to public 
lands or scenic, recreational, or state natural areas are anticipated to occur as a result to the 
No-Action Alternative. Growth is projected to occur in the areas presently served by the water 
system. The projected growth is anticipated occur regardless of the selected alternative.  
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5.6. Prime or Unique Agricultural Lands 

5.6.1. Common Elements to All Alternatives 
Direct impacts to prime agricultural lands are likely to occur due to implementation of any of the 
alternatives. Minor direct impacts will result from excavation, grading, and other construction 
activities necessary to install the proposed transmission line, pump station, access road(s), and 
WTP. Impacts associated with the proposed transmission line installation will be temporary, and 
the impacts associated with construction of the pump station, access road(s), well field and 
WTP will be permanent.  

Minor indirect and cumulative impacts of alternatives are anticipated due to the growth and 
development that will be supported by the increased water capacity. The growth and 
development may result in additional direct and indirect impacts to prime agricultural lands. 
Details regarding the area of prime agricultural lands within the project areas of each alternative 
are summarized in Table 5-5. 

Table 5-5 Prime Farmland Soils within Project Areas 

Alternative Pipe Corridor, 
acres 1 

Pump Station, 
acres 2 

Access Road, 
acres 2 

Current 
Agricultural 
Use, acres 4 

1A 93.6 ---- ---- 18.9 
1B 106.3 ---- ---- 22.8 
2A 156.0 ---- ---- 30.8 
2B 127.5 <0.1 0.1 23.1 
3A 145.5 ---- ---- 25.4 

3B 3 207.3 ---- ---- 6.2 5 
4 83.4 ---- 0.9 25.5 
5 0.4 ---- ---- ---- 
6 282.0 ---- ---- 41.4 
7 41.8 ---- ---- 4.8 

8 3 13.0 ---- ---- 5.2 5 
11 193.2 ---- ---- 41.9 

WTP A ---- ---- ---- ---- 
WTP B 3 9.7 ---- ---- 12.5 5 
WTP C 3 29.6 ---- ---- 3.6 5 

1 Temporary impacts to prime farmland soils. 
2 Permanent impacts to prime farmland soils. 
3 Impacts to prime farmland soils present within the WTP sites and the well field cannot be quantified at this time 
since the layouts thereof have not yet been determined. 
4 Current agricultural use areas include those areas that are mapped as prime farmland soils and are currently 
being used for agricultural or pastoral purposes.  
5 WTP sites and the well field are not included since the footprint of impact for the infrastructure will be significantly 
less than the study area. 
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5.6.2. Alternative 1A 
For Alternative 1A, the temporary impacts to prime agricultural lands are anticipated to affect six 
prime agricultural land soil types. The greatest area of impact will be to Kirksey and Tarrus soils, 
representing approximately 75 percent of the prime agricultural lands underlying the proposed 
water main corridor of Alternative 1A. The total acreage of prime agricultural lands to be 
impacted by the proposed alternative is 93.6 acres. The current use of the land within the water 
main corridor for either agricultural or pastoral purposes is approximately 18.9 acres. Direct 
impacts to the current agricultural use of prime agricultural lands in the water main corridor will 
be temporary and negligible as maintenance of the corridor will continue after installation of the 
water main. No permanent, direct, adverse impacts are anticipated to occur to agricultural land 
from implementation of Alternative 1A. 

5.6.3. Alternative 1B 
For Alternative 1B, the temporary impacts to prime agricultural lands are anticipated to affect six 
prime agricultural land soil types. The greatest area of impact will be to Kirksey and Oakboro 
soils, representing approximately 80 percent of the prime agricultural lands underlying the 
proposed water main corridor of Alternative 1B. The total acreage of prime agricultural lands to 
be impacted by the proposed alternative is approximately 106.3 acres. The current use of the 
land within the water main corridor for either agricultural or pastoral purposes is approximately 
22.8 acres. Direct impacts to the current agricultural use of prime agricultural lands in the 
corridor will be temporary and negligible since agricultural and pastoral use of the corridor will 
continue after installation of the water main. No permanent, direct, adverse impacts are 
anticipated to occur to agricultural land from implementation of Alternative 1B. 

5.6.4. Alternative 2A 
Within the water main corridor for Alternative 2A, the temporary impacts to prime agricultural 
lands are anticipated to affect eight prime agricultural land soil types. The greatest area of 
impact will be to Tarrus soils, representing approximately 60 percent of the prime agricultural 
lands underlying the proposed corridor for Alternative 2A. The total acreage of designated prime 
agricultural lands is approximately 156 acres. The current use of the land within the corridor for 
either agricultural or pastoral purposes is approximately 30.8 acres. Direct impacts to the 
current agricultural use of prime agricultural lands in the corridor will be temporary and 
negligible since agricultural and pastoral use of the corridor will continue after installation of the 
water main. No permanent, direct, adverse impacts are anticipated to occur to agricultural land 
from implementation of Alternative 2A. 

5.6.5. Alternative 2B 
The temporary and permanent impacts to prime agricultural lands are anticipated to affect five 
prime agricultural land soil types within the water main corridor for Alternative 2B. The greatest 
area of impact will be to Tarrus soils, representing approximately 65 percent of the prime 
agricultural lands underlying the proposed water main corridor, pump station, and access road 
for Alternative 2B. The total acreage of designated prime agricultural lands is approximately 
127.5 acres. The current use of the land within the corridor for either agricultural or pastoral 
purposes is approximately 23.1 acres. Direct impacts to the current agricultural use of prime 
agricultural lands in the corridor will be temporary and negligible as agricultural and pastoral use 
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of the corridor will continue after installation of the water main. No permanent, direct, adverse 
impacts are anticipated to occur to agricultural land from implementation of Alternative 2B. 

5.6.6. Alternative 3A 
For Alternative 3A, the temporary impacts to prime agricultural lands are anticipated to affect 
eight prime agricultural land soil types. The greatest area of impact will be to Chewacla soils, 
representing approximately 55 percent of the prime agricultural lands underlying the proposed 
water main corridor for Alternative 3A. The total acreage of prime agricultural lands is 
approximately 145.5 acres. The current use of the land within the corridor for either agricultural 
or pastoral purposes is approximately 25.4 acres. Direct impacts to the current agricultural use 
of prime agricultural lands in the corridor will be temporary and negligible as agricultural and 
pastoral use of the corridor will continue after installation of the water main. No permanent, 
direct, adverse impacts are anticipated to occur to agricultural land from implementation of 
Alternative 3A. 

5.6.7. Alternative 3B 
For Alternative 3B, the temporary impacts to prime agricultural lands are anticipated to affect ten 
prime agricultural land soil types. The greatest area of impact will be to Mayodan and Emporia 
soil types, representing approximately 55 percent of the prime agricultural lands in the proposed 
water main corridor. The total acreage of prime agricultural lands in the footprint of Alternative 
3B is approximately 207.3 acres. The current use of the land within the corridor for either 
agricultural or pastoral purposes is approximately 6.2 acres. Direct impacts to the current 
agricultural use of prime agricultural lands in the corridor will be temporary and negligible as 
agricultural and pastoral use of the corridor will continue after installation of the water main. 
Permanent, direct, adverse impacts may occur to 1.2 acres of agricultural land from 
implementation of Alternative 3B. 

5.6.8. Alternative 4 
The temporary and permanent impacts to prime agricultural lands are anticipated to affect six 
prime agricultural land soil types for Alternative 4. The greatest area of impact will be to Tarrus 
and Mayodan soils, representing approximately 60 percent of the prime agricultural lands 
underlying the proposed water main corridor and access road of Alternative 4. The total acreage 
of prime agricultural lands in the Alternative 4 footprint is approximately 83.4 acres. The current 
use of prime agricultural lands for either agricultural or pastoral purposes is 25.5 acres. Direct 
impacts to the current agricultural use of prime agricultural lands in the corridor will be 
temporary and negligible since agricultural and pastoral use of the corridor will continue after 
installation of the water main. Permanent, direct, minor adverse impacts are anticipated to occur 
to agricultural land from installation of the access road through agricultural land.  

5.6.9. Alternative 5 
The temporary impacts to prime agricultural lands are anticipated to affect two prime agricultural 
land soil types for Alternative 5. The greatest area of impact will be to Chewacla soils, 
representing approximately 90 percent of the prime agricultural lands underlying the proposed 
corridor. The total acreage of prime agricultural lands in the Alternative 5 footprint is 0.4 acre. 
No portion of the prime agricultural lands within the footprint of Alternative 5 is currently used for 
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either agricultural or pastoral purposes. Direct impacts to the current agricultural use of prime 
agricultural lands in the corridor will be temporary and negligible since agricultural and pastoral 
use of the corridor will continue after installation of the water main. No permanent, direct, 
adverse impacts are anticipated to occur to agricultural land from implementation of 
Alternative 5. 

5.6.10. Alternative 6 
For Alternative 6, the temporary impacts to prime agricultural lands are anticipated to affect 
seven prime agricultural land soil types. The greatest area of impact will be to Cecil and Tarrus 
soils, representing approximately 75 percent of the prime agricultural lands underlying the 
proposed corridor. The total acreage of prime agricultural lands in the Alternative 6 corridor is 
282 acres. The current use of prime agricultural lands for either agricultural or pastoral purposes 
is approximately 41.4 acres. Direct impacts to the current agricultural use of prime agricultural 
lands in the corridor will be temporary and negligible since agricultural and pastoral use of the 
corridor will continue after installation of the water main. No permanent, direct, adverse impacts 
are anticipated to occur to agricultural land from implementation of Alternative 6. 

5.6.11. Alternative 7 
For Alternative 7, the temporary impacts to prime agricultural lands are anticipated to affect five 
prime agricultural land soil types. The greatest area of impact will be to Cecil and Tarrus soils, 
representing approximately 80 percent of the prime agricultural lands underlying the Alternative 
7 corridor. The total acreage of prime agricultural lands within Alternative 7 is 41.8 acres. The 
current use of prime agricultural lands for either agricultural or pastoral purposes is 
approximately 4.8 acres. Direct impacts to the current agricultural use of prime agricultural lands 
in the corridor will be temporary and negligible since agricultural and pastoral use of the corridor 
will continue after installation of the water main. No permanent, direct, adverse impacts are 
anticipated to occur to agricultural land from implementation of Alternative 7. 

5.6.12.  Alternative 8 
Within the water main corridor, WTP, and well field associated with Alternative 8, the temporary 
and permanent impacts to prime agricultural lands are anticipated to affect four prime 
agricultural land soil types. The greatest area of impact will be to Tarrus soils, representing 
approximately 80 percent of the prime agricultural lands underlying the well field area, footprint 
of the water main corridor, and WTP area for Alternative 8. The total acreage of prime 
agricultural lands within Alternative 8 is approximately 11,372 acres. Approximately 13 acres of 
prime agricultural lands are located in the corridor, of which 5.2 acres are currently used 
agricultural or pastoral purposes. The remaining 11,359 acres of prime agricultural land is 
located in the well field. The individual wells within the well field are anticipated to be located in 
undeveloped areas, which includes agricultural lands. A layout for the well field infrastructure 
has not been developed, so acreage of impacts cannot be determined at this time. Direct, 
temporary, adverse impacts to current agricultural use of prime agricultural lands due to the 
water main is expected to be negligible, being affected only during construction in the subject 
areas. Direct, permanent, adverse impacts to use of the prime agricultural lands resulting from 
the well field development is unknown.  
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5.6.13. Alternative 11 
The temporary impacts to prime agricultural lands are anticipated to affect six prime agricultural 
land soil types for Alternative 11. The greatest area of impact will be to Tarrus and Kirksey soils, 
representing approximately 80 percent of the prime agricultural lands underlying the corridor for 
Alternative 11. The total acreage of prime agricultural lands within the alternative is 
approximately 193.2 acres. The current use of prime agricultural lands within the corridor for 
either agricultural or pastoral purposes is 41.9 acres. Direct impacts to the current agricultural 
use of prime agricultural lands in the corridor will be temporary and negligible since agricultural 
and pastoral use of the corridor will continue after installation of the transmission line. No 
permanent, direct, adverse impacts are anticipated to occur to agricultural land from 
implementation of Alternative 11. 

5.6.14. Alternative WTP A 
No prime agricultural lands are designated within the area associated with the WTP A site. 
Therefore, no impacts to prime agricultural lands will occur due to the implementation of 
Alternative WTP A. 

5.6.15. Alternative WTP B 
For the Alternative WTP B corridor and WTP B facility area, the temporary and permanent 
impacts to prime agricultural lands are anticipated to affect only the Tarrus prime agricultural 
land soil type. The total acreage of prime agricultural lands is 179.3 acres. The current use of 
the WTP B alternative area for either agricultural or pastoral purposes is 102.1 acres. The direct 
impacts to current agricultural use of prime agricultural lands within the Alternative WTP B 
corridor will be negligible. Impacts due to the WTP facility cannot be quantified at this time as 
the facility layout has not been developed. 

5.6.16. Alternative WTP C 
The temporary and permanent impacts to prime agricultural lands are anticipated to affect two 
prime agricultural land soil types for the Alternative WTP C corridor and WTP C facility area. 
The soil type expected to be impacted to a greater extent is Tarrus, representing approximately 
85 percent of the prime agricultural lands for Alternative WTP C for a total acreage of 
approximately 211.0 acres. The current use of prime agricultural lands within the footprint of 
Alternative WTP C for either agricultural or pastoral purposes is approximately 36.9 acres. The 
direct impacts to current agricultural use of prime agricultural lands within the corridor will be 
negligible. Impacts due to the WTP facility cannot be quantified at this time as the facility layout 
has not been developed. 

5.6.17. No-Action Alternative 
The No-Action Alternative involves no disturbance of land regardless of the designation of prime 
agricultural lands. Therefore, the No-Action Alternative will not directly impact prime agricultural 
lands. Indirect and cumulative impacts due to future growth and development in the service area 
are expected to occur. 
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5.7. Areas of Archaeological or Historic Value 

5.7.1. Archaeological Resources 

5.7.1.1. COMMON ELEMENTS TO ALTERNATIVES 
Direct adverse impacts to areas of archaeological value are not known at this time. In 
correspondence dated February 12, 2015, the SHPO stated that it is extremely unlikely they will 
request an archaeological survey if the preferred alternative is confined to existing, previously 
disturbed right-of-way (Appendix D). Once the preferred alternative is reviewed, coordination 
with the Office of State Archaeology will occur to determine if potential areas of concern are 
present and whether an archaeological survey is required within the project areas. The final 
determination of potential impacts to archaeological resources as a result of the preferred 
alternative will be made upon completion of the archaeological survey, if necessary. No indirect 
impacts to archaeological resources are anticipated to occur from the proposed project 
regardless of which alternative is chosen. 

5.7.1.2. NO-ACTION ALTERNATIVE 
No work is proposed under the No-Action Alternative. Growth within the service area will occur 
irrespective of the alternative selected for the project. Minor indirect and cumulative impacts are 
expected to occur to archaeological resources with the implementation of the No-Action 
Alternative. 

5.7.2. Resources of Historic Value 

5.7.2.1. COMMON ELEMENTS TO ALTERNATIVES EXCEPT ALTERNATIVE WTP A 
AND WTP C 

At least one potential historic resource has been identified by the North Carolina State Historic 
Preservation Office (SHPO) in proximity to the project areas except WTP A and WTP C, as 
listed in Table 4-10. Of those, one listed site, Wadesboro Downtown Historic District, and one 
site that has been determined to be eligible for listing, Polkton Historic District, is located in 
proximity to the Alternative 3B project area. Other sites that have been determined eligible for 
listing are located near the proposed project alignments associated with Alternatives 4, 7, and 
11. Several sites that have been added to the study list are located within the Alternative 1A, 
1B, 2A, 2B, 3A, 4, 5, 6, 7, 8, 11, and WTP B project areas and one site, Norwood Railroad 
Complex has been listed as Blockface for Alternatives 1A, 1B, and 11. Blockface is a 
designation that was previously assigned by SHPO to identify a group of properties, usually on 
one block or one side of a block, that share a single survey site number. In correspondence 
dated February 12, 2015, the SHPO provided additional details regarding the structures within 
proximity to the project areas (Appendix D).  No direct or indirect, permanent or temporary 
impacts to historic structures or districts will occur from the project alternatives. 

5.7.2.2. NO-ACTION ALTERNATIVE 
No impacts to resources of historic value will result from the implementation of the No-Action 
Alternative. Growth within the service area will occur irrespective of the alternative selected for 
the project. Therefore, minor indirect and cumulative impacts are expected to occur with the 
implementation of the No-Action Alternative. 
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5.8. Air Quality 

5.8.1. Common Elements to Alternatives 
All alternatives except for the No-Action Alternative are expected to have a minor impact on air 
quality during the period of construction. An increase in airborne particulates from land clearing 
and exhaust emissions from construction vehicles will occur during project construction. Proper 
vehicle maintenance, frequent wetting of exposed soil, and prompt soil stabilization will minimize 
these impacts. The public health impacts of these emissions are anticipated to be negligible. In 
addition to the direct impacts of construction, the alternatives were evaluated for their impacts 
on hydropower generation.  Because all the alternatives resulted in negligible to minor impacts 
to hydropower generation, it is anticipated that there will be minimal impacts to air quality related 
to changes in hydropower generation. 

Urban growth in the service area may cause an increase in air pollutant emissions from 
vehicles, industrial activities, and construction, thereby contributing to the cumulative impacts of 
the proposed project. Ozone, carbon monoxide, and particulate matter are the primary 
pollutants of concern in the service area, and the levels of ozone in the project area will likely be 
affected by the projected increasing growth. Since NOx is the limiting factor in ozone formation 
and an estimated 60 percent of NOx is emitted by automobiles, the additional vehicle miles 
traveled due to increased population will likely result in higher concentrations of ozone being 
formed during hot, summer months. 

5.8.2. Common Elements to Alternatives except Alternative 7 
Direct and cumulative impacts to air quality due to all Alternatives are as described in Section 
5.8.1. Post-construction adverse impacts to air quality are anticipated for all alternatives except 
Alternative 7. Emergency onsite power generation is proposed to provide back-up power to the 
pump station and WTP in the event of an emergency.  The proposed generators at the WTPs 
will require an air permit for standby emergency power generation. The proposed emergency 
generators present negligible impacts to local air quality. The negligible impacts due to the 
operation of emergency power generators is necessary in order to prevent the adverse impacts 
to public health and safety that would result from a disruption of power at one of the proposed 
pump stations or WTPs. Compliance with air quality standards will be required at both the state 
and local level.  

5.8.3. No-Action Alternative 
The No-Action Alternative proposes no construction or new sources of air pollutants. Growth 
within the service area will occur irrespective of the alternative selected for the project. Minor 
indirect and cumulative impacts, as described in Section 5.8.1, are expected to occur to air 
quality with the implementation of the No-Action Alternative. 

5.9. Noise Levels 
5.9.1. Common Elements to Alternatives 
All alternatives are expected to have a minor impact on environmental noise conditions. 
Construction of any build alternative would result in short-term noise level increases due to 
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operation of the construction equipment. In order to reduce disturbances to adjacent properties, 
temporary increases in noise levels will be limited to daylight hours in accordance with local 
noise ordinances. Construction will only occur during normal, weekday working hours (7am to 6 
pm) and will be suspended on holidays. If more construction days are needed, they will be 
requested by the contractor and must be approved by the appropriate local jurisdiction. 

Noise levels from the new conveyance system alternatives are expected to be negligible during 
operation. In emergency situations, a generator may be required to provide power to the pump 
station and WTP. Generator operation will slightly increase the noise level in the project areas 
when power has been disrupted and an emergency power source is required.  

Urban growth in the service area may affect long-term noise levels. Growth in the service area 
may create nuisance noise levels from traffic and construction in rural areas that are presently 
relatively quiet. Careful planning and zoning, preservation of buffers, and construction of noise 
barriers for stationary sources such as highways and major commercial roads will help in 
protecting residential area from excessive noise. 

5.9.2. No-Action Alternative 
The No-Action Alternative proposes no construction or new sources of noise. Growth within the 
service area will occur irrespective of the alternative selected for the project. Negligible, indirect 
and cumulative impacts, as described in Section 5.9.1, are expected to occur with the 
implementation of the No-Action Alternative. 

5.10. Floodways and 100-Year Floodplains 
Direct impacts to the FEMA-designated floodways and 100-year floodplains in the project area 
are possible due to construction but are expected to be minor. Temporary and permanent, direct 
impacts for all the alternatives are provided in Table 5-6. Indirect and cumulative impacts are 
expected to be negligible, if present. 

5.10.1. Common Elements to All Alternatives 
Portions of five of the transmission line corridors are located in FEMA-designated floodways, 
and portions of each alternative’s transmission line corridor except for Alternative WTP B are 
located in FEMA-designated 100-year floodplain. Temporary, direct impacts will be adverse, 
and minor due to excavation and grading activities in the floodway that may occur as a result of 
the transmission line installation along the alignments associated with Alternatives 2A, 2B, 3B, 
6, and 7. Similar temporary, direct impacts to the 100-year floodplain are expected to result from 
the transmission line installation along the alignments of each alternative except Alternative 8. 
Equipment and vehicles will be staged outside the floodway and 100-year floodplain in order to 
minimize potential impacts during construction. Upon completion of the installation of the 
proposed transmission line, the disturbed area will be graded to match the existing elevation 
and surface contours to the extent feasible, thereby eliminating a permanent modification of the 
floodway or 100-year floodplain. 

All proposed pump stations and some of the access roads are located in designated 100-year 
floodplain areas. No pump station or access road is sited within a designated floodway. 
Permanent, direct, minor impacts to the 100-year floodplain will occur due to the construction of 
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any of the proposed pump stations as well as the access roads that are part of Alternatives 3A, 
3B, and 5. None of the raw water intakes or the discharge associated with Alternative 11 located 
in the Pee Dee River, Yadkin River, Rocky River, and the associated reservoirs are located 
within the designated floodway.  

The low-head dam associated with Alternative 5 is located within the Rocky River’s 100-year 
floodplain zone. No floodway has been designated by FEMA in the reach of the Rocky River 
that will be affected by the low-head dam construction or operation. Potential reclassification of 
the Rocky River from construction of a low-head dam is discussed in Section 5.12. 

No impacts to floodways will occur as a result of the construction of any of the proposed water 
treatment facilities. Approximately 4.4 acres of the WTP D area is located in a designated 100-
year floodplain. The other three new WTP locations and the Catawba River WTP are located 
outside of designated floodways and 100-year floodplain. As the layout of WTP D has not yet 
been developed, impacts cannot be quantified at this time. Efforts to avoid floodplain 
encroachment will be made during site design. Indirect or cumulative impacts, if any, will be 
negligible. 
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Table 5-6 Temporary and Permanent Impacts to Floodway and 100-Year Floodplain 

 Alternative Temporary Impact, 
acres 1 

Permanent Impact, acres 2 

Floodway 1A ---- ---- 
1B ---- ---- 
2A 1.6 ---- 
2B 1.0 ---- 
3A ---- ---- 
3B 6.7 ---- 
4 ---- ---- 
5 ---- ---- 
6 0.6 ---- 
7 0.2 ---- 

8 3 ---- ---- 
11 0.6 ---- 

WTP A ---- ---- 
WTP B ---- ---- 
WTP C ---- ---- 

100-Year 
Floodplain 

1A 13.5 0.1 
1B 32.2 0.1 
2A 21.2 0.3 
2B 19.9 ---- 
3A 86.9 2.0 
3B 49.3 2.0 
4 33.4 0.2 
5 1.7 0.5 
6 7.6 ---- 
7 4.7 ---- 

8 3 0.2 ---- 
11 28.1 ---- 

WTP A ---- ---- 
WTP B ---- ---- 
WTP C 0.8 ---- 

1 Temporary impact areas include the transmission line corridor. 
2 Permanent impact areas include the raw water intakes, pump stations, access roads, treated effluent discharge, 
and low-head dam, as applicable, that are affiliated with each alternative. WTP sites are not included as the layouts 
thereof have not yet been developed. 

3 Floodway and 100-year floodplain impact areas listed do not include the area within the well field area as the layout 
of the wells and associated infrastructure is unknown at this time. 

 

5.10.2. No-Action Alternative 
The No-Action Alternative does not include any land disturbance or placement of new 
structures. Growth and development in the service area is anticipated to continue even if the 
No-Action Alternative is selected and implemented. Therefore, negligible indirect and cumulative 
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impacts to the floodway or 100-year floodplain with the implementation of the No-Action 
Alternative are anticipated to occur. 

5.11. Wetlands 
The design and precise location of the proposed transmission line corridors and aboveground 
structures have not been adjusted to avoid wetlands at this time. Once a preferred alternative is 
selected, further investigation into the exact location of jurisdictional wetlands will be conducted 
and the design will be adjusted as needed to avoid and minimize permanent impacts to 
wetlands. The acreage of NWI wetlands that may be impacted temporarily or permanently by 
the proposed project alternatives is summarized in Table 5-7. Since the layouts of the WTPs 
and the well field have not yet been determined, impacts associated with these project 
components cannot be quantified. The wetland impacts associated with Alternative 8 are 
anticipated to be greater than the wetland acreage that will be impacted if another alternative is 
selected and implemented. Minor indirect and cumulative impacts to wetlands may occur due to 
growth and development in the service area. 

During construction, existing vegetation will be removed by mechanical clearing, and the 
excavated soil will be temporarily stockpiled adjacent to the trench. Temporary fill material will 
be placed to provide temporary construction access, as needed. Pre-construction contours in 
wetland areas will be restored in accordance with USACE, DWR, and SCDHEC permit 
requirements, as applicable. The cleared corridor will be reseeded with an appropriate, native 
seed mixture of annual and/or perennial groundcover that does not include fescue. The 
permanent maintained access corridor will be restricted to 15 feet in width, according to DWR 
General Water Quality Certifications (WQC) and will be maintained as an herbaceous or scrub-
shrub area. The disturbed wetlands located outside the permanent maintained access corridor 
will be allowed to re-vegetate naturally, returning to its pre-construction vegetative composition 
over time. 

Forested wetlands within the permanent maintained access corridors associated with the 
proposed transmission line alignments for each alternative will be converted from a forested 
wetland to an herbaceous or scrub-shrub wetland. The area of forested wetland that will be 
converted for each alternative is provided in Table 5-7 and corresponds to the palustrine, 
forested wetland category (PFO1/4). It should be noted that the direct impacts summarized in 
Table 5-7 are based only on NWI mapping. Neither field verification of the NWI mapping nor 
wetland delineations independent of the NWI mapping have been performed for any alternative.  

Compliance with Sections 401 and 404 of the CWA will require authorizations from DWR and 
USACE, respectively, for proposed impacts to jurisdictional waters. If Alternative 6 is selected 
for implementation, authorization from SCDHEC for jurisdictional waters impacts occurring in 
South Carolina will also be necessary under Section 401 of the CWA. Based on the NWI 
mapping of wetlands in the project area, permitting requirements are expected to be met with a 
Nationwide Permit (NWP) 12 and the corresponding WQC for all alternatives except Alternative 
3A and 5, which are expected to require an Individual Permit (IP) from the USACE and DWR. 
The general conditions of the NWP or IP and the WQC will be followed during the design, 
construction, and post-construction phases of the project where jurisdictional waters occur. 
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Table 5-7 NWI Wetland Impacts in Proposed Transmission line Corridors 

 Temporary Impacts, acres 1 Permanent Impacts, acres 1 
Alternative Forested Non-forested Forested Non-forested 

1A ---- ---- ---- ---- 
1B 7.5 ---- 0.5 ---- 
2A 0.6 ---- ---- ---- 
2B 0.6 ---- ---- ---- 
3A 44.8 8.7 3.2 ---- 
3B 2.8 0.5 ---- ---- 
4 ---- ---- ---- ---- 
5 ---- ---- ---- ---- 
6 0.5 0.1 <0.1 ---- 
7 0.1 ---- ---- ---- 

8 2 ---- ---- ---- ---- 
11 0.9 ---- ---- ---- 

WTP A ---- ---- ---- ---- 
WTP B ---- ---- ---- ---- 
WTP C ---- ---- ---- ---- 

1 Wetland impacts due to aboveground infrastructure are expected to occur only under Alternative 8. 
2 Impacts do not include the well field or its associated infrastructure as the layouts thereof have not yet been 
determined. 
 

5.11.1. Common Elements to Alternatives 1A and 4 
NWI mapping of wetlands along the water main corridors associated with Alternatives 1A and 4 
does not indicate the presence of wetlands within the areas that may be impacted by 
construction. No direct or indirect impacts to wetlands are expected. 

5.11.2. Common Elements to Alternatives 1B and 3A 
NWI mapping of wetlands along the water main corridors associated with Alternatives 1B and 
3A indicates that forested wetlands are present within the anticipated footprint of the permanent 
maintained access corridor. The forested wetlands in the area to be maintained will be 
converted to herbaceous or scrub-shrub wetlands in order to ensure that access is available for 
future maintenance and repair work. Converted forested wetland areas will have permanent, 
direct impacts, which will be minor for Alternative 1B, affecting approximately 0.45 acre of 
forested wetlands, and moderate for Alternative 3A. Temporary impacts to herbaceous or scrub-
shrub wetlands are anticipated to occur as a result of Alternative 3A. The impacted non-forested 
wetland areas will be returned to original grade and elevation and reseeded with an appropriate, 
native wetland seed mix upon completion of construction. The temporary impacts will be direct, 
minor, and adverse. Wetland areas adjacent to the permanent access easement and within the 
temporary construction easement are anticipated to incur minor and temporary impacts. 

5.11.3.  Common Elements to Alternatives 2A, 2B, 3B, 7, and 11 
NWI mapping of wetlands along the transmission line corridors associated with Alternatives 2A, 
2B, 3B, 7, and 11 shows forested wetlands present within the temporary construction easement 
only. Non-forested wetlands are present in the temporary construction area along the 
transmission line corridor for Alternative 3B. No wetlands are shown within the permanent 
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maintained access easements associated with the noted alternatives. Therefore, based on NWI 
wetlands mapping, no permanent direct impacts are anticipated to occur as a result of the 
implementation of any of these alternatives. Temporary direct impacts will be minor for 
Alternatives 2A, 2B, 7, and 11 and moderate for Alternative 3B. 

5.11.4. Alternative 5 
NWI wetlands are not depicted along the water main corridor associated with Alternative 5. 
Operation of the low-head dam is expected to raise the groundwater table adjacent to the reach 
of the Rocky River that will be subject to higher water levels. The higher groundwater table may 
impact existing wetlands, altering the soil characteristics, hydrology, and plant community 
present within and abutting the wetland areas. Existing wetlands may be expanded, and new 
wetlands may be created where none currently exist. The extent of impacts to wetlands due to 
the proposed low-head dam cannot be determined at this time.  

5.11.5. Alternative 6 
NWI mapping of wetlands along the water main corridors associated with Alternative 6 indicates 
that forested wetlands are present within the anticipated footprint of the permanent maintained 
access corridor. The forested wetlands in the area to be maintained will be converted to 
herbaceous or scrub-shrub wetlands in order to ensure that access is available for future 
maintenance and repair work. Converted forested wetland areas will have permanent, direct 
impacts, which will be minor for Alternative 6. Temporary impacts to herbaceous or scrub-shrub 
wetlands are anticipated to occur as a result of Alternative 6. The impacted non-forested 
wetland areas will be returned to original grade and elevation and reseeded with an appropriate, 
native wetland seed mix upon completion of construction. The temporary impacts will be direct, 
minor, and adverse. Wetland areas adjacent to the permanent access easement and within the 
temporary construction easement are anticipated to incur minor and temporary impacts.  

Buffers around the perimeter of wetlands are protected under Section 70 of the Union County 
Development Ordinance (UDO) (Union County, 2014). The buffer protections apply to wetlands 
that intersect an intermittent or perennial stream within the Twelve Mile Creek WWTP service 
area. Temporary and permanent, direct, adverse impacts to the protected buffer around the 
perimeter of the wetlands are expected to be minor, if present. The area of wetland buffer to be 
impacted will be determined if Alternative 6 is selected for the project. 

5.11.6. Alternative 8 
There are no wetlands shown on NWI mapping within the proposed water main corridor 
associated with Alternative 8. A large number and area of wetlands are depicted on the NWI 
maps within the well field area; however, wetland impacts from construction of the well field and 
associated infrastructure cannot be quantified at this time since the well field layout has not yet 
been developed. The area assessed for the well field contains more wetland areas than for the 
other alternatives. Jurisdictional areas will be avoided when possible, and impacts will be 
minimized to the extent practicable when avoidance is not possible. Direct, permanent impacts 
are expected to be minimized to the point of achieving an intensity level of minor. Direct, 
temporary impacts may range from minor to major, depending on final design and construction 
methods.  
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Buffers around the perimeter of wetlands are protected under Section 70 of the Union County 
UDO. The buffer protections apply only to those wetlands that intersect an intermittent or 
perennial stream within the Twelve Mile Creek WWTP service area. The well field area was 
selected partly based on the potential to avoid stream crossings by the proposed transmission 
line network. Therefore, it is unlikely that buffered streams or wetlands will be located within an 
impact footprint for the groundwater well system. Temporary and permanent, direct, adverse 
impacts to the protected buffer around the perimeter of the wetlands are expected to be minor, if 
present. Impacts may occur within the northern portion of the well field. The area of wetland 
buffer to be impacted will be determined if Alternative 8 is selected for the project. 

5.11.7. Alternatives WTP A, WTP B, and WTP C 
NWI mapping depicts wetlands within the WTP A, B, and C areas. As the layout of each 
proposed facility has not been developed, impacts to the mapped wetlands cannot be quantified 
at this time. During design, efforts will be made to avoid impacting wetlands if avoidance is 
feasible. There are no wetlands shown in the water main corridors associated with Alternatives 
WTP B and C.  

5.11.8. No-Action Alternative 
The No-Action Alternative does not include disturbance of or placement of fill material in 
jurisdictional wetlands. Minor indirect and cumulative impacts are anticipated to occur as a 
result of the growth and development anticipated in the service area regardless of the 
alternative chosen for the proposed project. 

5.12. Water Resources (Surface Water and Groundwater) 
5.12.1. Impacts to Surface Waters and Riparian Buffers 
Direct impacts to perennial and intermittent streams in the project area are anticipated to result 
from construction of each of the proposed alternatives. Table 5-8 summarizes the number of 
perennial and intermittent streams crossings for each alternative and the length of temporary 
and perennial stream impacts that will occur for each alternative. For all alternatives except 
Alternative 7, stream crossings will be performed by excavating an open trench, installing the 
transmission line, and backfilling the trench. Instream work will be performed in dry stream 
conditions, using a pump-around system or diversion as necessary. The stream crossing will be 
installed using trenchless technologies if federally protected species or designated critical 
habitats are known to occur within the stream at the transmission line crossing location or where 
required by the GCWQMP (NCDENR, 2009).   

The stream lengths of temporary impacts provided in Table 5-8 assume that the entire width of 
the transmission line corridor will impact the streams, which involves a 200-foot wide swath. 
Actual impacts are expected to be less than stated for the transmission line corridors as 
minimization measures will be incorporated into final design. Permanent impacts will not occur 
as all project elements will be below the stream bed and the stream will be returned to original 
condition. Permanent impacts to jurisdictional streams include the length of stream in the 
footprint of the proposed instream structures, which include the low-head dam associated with 
Alternative 5, the wastewater discharge associated with Alternative 11, and the raw water intake 
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structures for Alternatives 1A through 5. As the aboveground structures have not been designed 
to the level at which impacts can be precisely calculated, the permanent impacts are stated as 
the maximum length of stream which may reasonably be expected to be impacted by the 
proposed infrastructure.  

Direct impacts are not provided in Table 5-8 for the WTP facilities or the well field as these 
layouts have not yet been developed. It is currently unknown if the WTP facilities will impact 
jurisdictional streams or protected riparian buffers. Impacts to these resources will be 
determined once WTP facility layouts are developed. Efforts will be made during the design of 
the WTP facilities to avoid impacts to jurisdictional streams and protected riparian buffers to the 
extent feasible. 

Table 5-8 Stream Crossings and Length of Stream Impacts 

 Perennial Streams Intermittent Streams 
Alternative Number of 

Crossings 
Temporary 
Impacts, 

feet 

Permanent 
Impacts, 

feet 

Number of 
Crossings 

Temporary 
Impacts, 

feet 

Permanent 
Impacts, 

feet 
1A 11 2,848 50 20 11,014 ---- 
1B 14 5,857 50 31 10,598 ---- 
2A 11 2,339 50 22 9,498 ---- 
2B 9 1,914 50 27 9,572 ---- 
3A 20 5,242 50 22 8,194 ---- 

3B 2 16 4,634 50 24 7,683 ---- 
4 7 1,715 50 14 6,979 ---- 
5 ---- ---- 100 3 1,343 ---- 
6 7 1,509 50 18 3,913 ---- 
7 2 ---- 1 ---- 7 ---- 1 ---- 

8 2 2 407 ---- 5 1,530 ---- 
11 18 4,508 50 25 17,449 ---- 

WTP A ---- ---- ---- ---- ---- ---- 
WTP B 2 ---- ---- ---- 5 1,438 ---- 
WTP C 2 ---- ---- ---- 11 3,426 ---- 

1 All streams crossed by Alternative 7 by trenchless construction methods per the requirements of the GCWQMP. 
Therefore, no impacts will result from the transmission line installation. 

2 Stream crossings and impacts include only the crossings located along the transmission line corridor. 
 

Use classifications of the streams that will be crossed by the proposed project alternatives will 
not be affected by the project. The proposed construction of a new raw water intake may require 
a reclassification of the water body into which the intake is proposed to be placed. Alternatives 
2A and 2B each may require a reclassification of the Yadkin River. If Alternative 4 or 5 is 
selected, a reclassification of the respective river will be necessary as the stream will then 
function as a water supply source. All alternatives except the No-Action Alternative will have a 
short-term, minor, adverse impact on the streams’ ability to fully support its designated uses. 
Additional details regarding the impact on supported uses are provided in the following, 
alternative-specific discussions (Sections 5.12.1 through 5.12.12). 
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Riparian buffers are protected under a variety of local ordinances, including Union County’s 
Development Ordinance, the City of Monroe’s Zoning Code, the Town of Mineral Springs’ 
Zoning Ordinance, and the Town of Unionville’s Land Use Ordinance. The riparian buffer 
protections in Union County’s Development Ordinance apply to the streams, lakes, and ponds in 
the Twelve Mile Creek WWTP service area and to the streams in the unincorporated areas of 
Union County that are within a designated water supply watershed (WSW). Anson County and 
the Town of Albemarle protect riparian buffers within their respective jurisdictions. Stanly County 
protects riparian buffers within a WSW. Riparian buffers are protected in the Goose Creek 
watershed per the GCWQMP, which is administered and enforced by DENR (NCDENR, 2009). 
Mecklenburg County and the Town of Mint Hill protect riparian buffers under the Surface Water 
Improvement and Management initiative (SWIM). However, all proposed project elements in 
Mecklenburg County and the Town of Mint Hill are also located in the Goose Creek watershed 
and are subject to the restrictions of the GCWQMP, which are more stringent and apply to a 
larger area then those of the SWIM. The areas protected under each jurisdiction’s ordinance 
and plan varies. While installation of utilities is an allowed use in the protected buffer areas, 
authorization may be required depending on the footprint of the proposed temporary and 
permanent disturbances in the protected riparian buffer areas. Additional information regarding 
the riparian buffers and protections is provided in Table 5-9 and in the following discussion of 
impacts to surface waters and riparian buffers. 

Table 5-9 Impacts to Protected Riparian Buffer Areas Along Streams 

Alternative Jurisdiction Temporary 
Impacts, acres 

Permanent 
Impacts, acres 

1A Union County, Stanly County 0.3 <0.1 
1B Union County, Stanly County 1.7 0.1 
2A Union County, Stanly County, City of 

Albemarle 
1.0 0.1 

2B Union County, Stanly County, City of 
Albemarle 

0.9 0.1 

3A Union County, Anson County 4.1 0.2 
3B Union County, Anson County 8.2 0.3 
4 Union County, Anson County 11.6 0.6 
5 Union County ---- ---- 
6 Union County, Town of Mineral 

Springs, City of Monroe 
3.8 0.2 

7 EMC (under GCWQMP) 6.4 0.3 
8 Union County ---- ---- 

11 Union County, Stanly County 3.7 0.2 
WTP A Union County ---- ---- 
WTP B Union County, Unionville ---- ---- 
WTP C Union County ---- ---- 

5.12.1.1. COMMON ELEMENTS OF ALTERNATIVES 1A AND 1B 
The proposed water main corridors for Alternatives 1A and 1B will cross perennial and 
intermittent streams. Alternative 1A will cross 11 perennial and 20 intermittent streams. 
Alternative 1B will cross 14 perennial and 31 intermittent streams. Temporary stream impacts 
will be direct, minor, and adverse and will affect 2,848 feet of perennial and 11,014 feet of 
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intermittent streams for Alternative 1A and 5,857 feet of perennial and 10,598 feet of intermittent 
streams for Alternative 1B. Permanent, direct, minor, adverse impacts to no more than 50 feet 
of the Pee Dee River will result from the construction of the proposed raw water intake.  

Temporary impacts to the waterbodies’ support of their respective uses will occur for 
Alternatives 1A and 1B. The streams that are proposed to be crossed by the water main will be 
open-cut to accommodate installation of the water main and will be dewatered during 
construction. The uses of the waterbodies, including fishing, boating, and aquatic life support for 
most streams and water supply for Pee Dee River and Cedar Creek, will be unsupported in the 
construction area and partially supported immediately upstream and downstream of the 
construction area during construction. No change of best use classification is required for the 
two alternatives.   

Riparian buffers are protected along the corridors of Alternatives 1A and 1B. Activities in riparian 
buffers are restricted by ordinances that are applicable to the unincorporated areas of Union 
and Stanly counties that are in a WSW. Temporary impacts to riparian buffers by Alternatives 
1A and 1B are 0.3 and 1.7 acres, respectively. Permanent impacts due to the two alternatives 
will be less than or equal to 0.1 acre. Temporary and permanent impacts are expected to be 
minor and direct.  

5.12.1.2.   COMMON ELEMENTS OF ALTERNATIVES 2A AND 2B 
Alternatives 2A and 2B water main corridors cross perennial and intermittent streams. 
Alternative 2A will cross 11 perennial streams and 22 intermittent streams. Alternative 2B will 
cross nine perennial streams and 27 intermittent streams. Direct impacts to the streams due to 
the construction of the crossings will be temporary, minor, and adverse. The direct impacts will 
affect 2,339 feet of perennial and 9,498 feet of intermittent streams for the Alternative 2A water 
main corridor and 1,914 feet of perennial and 9,572 feet of intermittent streams for the 
Alternative 2B water main corridor. Permanent impacts to the Yadkin River will result from the 
construction of the proposed raw water intake. The permanent impacts are expected to be 
minor and adverse, impacting no more than 50 feet of the Yadkin River. 

Temporary impacts to the waterbodies’ support of their respective uses will occur for 
Alternatives 2A and 2B. The streams that are proposed to be crossed by the water main will be 
open-cut to accommodate installation of the water main and will be dewatered during 
construction. The uses of the waterbodies, including fishing, boating, and aquatic life support for 
most streams and water supply for Yadkin River, will be unsupported in the construction area 
and partially supported immediately upstream and downstream of the construction area during 
construction. A change of best use classification may be needed for the two alternatives.  A new 
raw water intake is proposed under Alternatives 2A and 2B, which requires review of the current 
best use classification and a determination as to whether a reclassification is necessary to 
accommodate the new intake and water withdrawals.   

Riparian buffer protections are in place for streams in the WSW portions of unincorporated 
Union County, the City of Albemarle, and the unincorporated areas of Stanly County that are in 
a WSW. Temporary impacts to protected riparian buffers will be 1.0 and 0.9 acre for Alternatives 
2A and 2B, respectively. Permanent impacts to protected riparian buffers are expected to be 0.1 
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acre for each of the two alternatives. The impacts are expected to be minor, adverse, and direct 
regardless of duration. Installation of utilities is allowable under the ordinances protecting the 
riparian buffers. Authorization of riparian buffer encroachment may be necessary, depending on 
the footprint of proposed temporary and permanent disturbances in the protected riparian buffer 
areas. 

5.12.1.3.   COMMON ELEMENTS OF ALTERNATIVES 3A, 3B, AND 4 
The water main corridors of Alternatives 3A, 3B, and 4 all cross perennial and intermittent 
streams and will result in direct, temporary, minor, adverse impacts. Alternative 3A will cross 20 
perennial streams for a total impact of 5,242 feet and 22 intermittent streams for a total impact 
of 8,194 feet. Alternative 3B will cross 16 perennial and 24 intermittent streams, resulting in 
impacts to 4,634 and 7,683 feet of perennial and intermittent streams, respectively. Alternative 4 
will cross seven perennial and 14 intermittent streams and will impact 1,715 feet of perennial 
and 6,979 feet of intermittent streams. Direct, permanent impacts will result from the 
construction and installation of raw water intake structures along the Pee Dee River, 
downstream of the Lake Tillery Dam. The permanent impacts are anticipated to be minor and 
adverse, affecting up to 50 feet of the Pee Dee River downstream of the Lake Tillery Dam. 

Temporary impacts to the waterbodies’ support of their respective uses will occur for 
Alternatives 3A, 3B, and 4. The streams that are proposed to be crossed by the water main will 
be open-cut to accommodate installation of the water main and will be dewatered during 
construction. The uses of the waterbodies, including fishing, boating, and aquatic life support for 
most streams and water supply for Pee Dee River, Savannah Creek, and Smith Creek, will be 
unsupported in the construction area and partially supported immediately upstream and 
downstream of the construction area during construction. No change of best use classification is 
needed for Alternative 3A or 3B. The best use classification for Alternative 4 does not allow for 
the water body to be used as a public water supply source. Therefore, a reclassification of the 
PeeDee River will be necessary for the implementation of Alternative 4.  

Riparian buffers are protected within Anson County and the unincorporated areas of Union 
County that are in a WSW. Riparian buffers in Anson County are protected 50 feet landward of 
the top of bank of perennial and intermittent streams shown on the USGS topographic 
quadrangle map or identified by local government. Unincorporated Union County’s buffers 
comprise a 30-foot wide swath of vegetation along perennial streams located in WSWs. 
Anticipated temporary riparian buffer impacts will be moderate, adverse, and direct, affecting 
4.1, 8.2, and 11.6 acres for Alternatives 3A, 3B, and 4, respectively. The permanent impacts are 
anticipated to be minor, adverse, and direct, affecting 0.2, 0.3, and 0.6 acre for Alternatives 3A, 
3B, and 4, respectively.  

5.12.1.4.   ALTERNATIVE 5 
The water main corridor associated with Alternative 5 will cross jurisdictional streams. 
Alternative 5 will cross three intermittent streams, impacting 1,343 feet. The stream crossings 
will result in direct, temporary impacts at the crossing locations due to the excavation and 
dewatering components of the water main installation work. The impacts due to construction of 
the water main will be minor and adverse.  
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Direct, permanent, moderate, adverse impacts are expected to result from the proposed raw 
water intake and low-head dam associated with Alternative 5. The permanent, instream 
structures will be placed in the Rocky River immediately upstream of the NC 205 Bridge over 
the river. The low-head dam will result in an increase in water depth and a decrease in flow rate 
extending approximately 6,000 feet upstream of the dam. Six streams empty into the affected 
reach of the Rocky River. The six tributaries are expected to also experience higher water levels 
and slower flow rates in their respective downstream-most reaches. The results of the raised 
water level and slowed flow rates will include increased deposition of the river’s sediment load, 
alteration of instream habitat composition and availability, and loss of aquatic plants and 
animals that cannot tolerate the altered conditions. These aquatic life losses or population 
declines may have an adverse impact on other aquatic species or conditions. However, it is 
anticipated that non-sessile organisms will relocate themselves to a stream reach that provides 
preferable conditions. Additionally, it is anticipated that the altered stream reaches will 
experience a natural influx and proliferation of species that prefer the conditions that will be 
provided by the low-head dam. In the case of presence of protected species, consultation with 
USFWS and WRC would be conducted. 

Temporary impacts to the waterbodies’ support of their respective uses will occur for Alternative 
5. The streams proposed to be crossed by the water main will be open-cut to accommodate 
installation of the water main and will be dewatered during construction. The uses of the 
waterbodies, including fishing, boating, and aquatic life support, will be unsupported in the 
construction area and partially supported immediately upstream and downstream of the 
construction area during construction. The best use classification of the Rocky River at and 
upstream of the proposed raw water intake will need to be changed from its current 
classification of ‘C’ to a water supply watershed designation. Additionally, the construction of the 
proposed low-head dam will permanently impact boating and aquatic life support by impeding 
passage by watercraft and fish to the river on the other side of the dam.   

Riparian buffers are not protected by local or state regulations within the footprint of 
Alternative 5. 

5.12.1.5.   ALTERNATIVE 6 
The water main corridor associated with Alternative 6 will cross seven perennial and 18 
intermittent streams. The length of impacts to the crossed streams is 1,509 feet of perennial and 
3,913 feet of intermittent streams. The impacts at the proposed stream crossings will be direct, 
temporary, minor, and adverse resulting from excavation of the streambed and dewatering of 
the construction area. Permanent, direct, minor, adverse impacts to the Catawba River in South 
Carolina are expected to occur due to the anticipated modification and expansion of the existing 
raw water intake for the Catawba River WTP.  

Temporary impacts to the waterbodies’ support of their respective uses will occur under 
Alternative 6. The streams proposed to be crossed by the water main will be open-cut to 
accommodate installation of the water main and will be dewatered during construction. The 
uses of the waterbodies, including fishing, boating, and aquatic life support, will be unsupported 
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in the construction area and partially supported immediately upstream and downstream of the 
construction area during construction. No change of best use classification is required.   

Riparian buffers are protected within the North Carolina portion of the proposed water main 
corridor. The Town of Mineral Springs protects a 100-foot wide riparian buffer on streams that 
have a watershed that is larger than 50 acres. The City of Monroe protects a 35-foot wide 
riparian area along all perennial and intermittent stream channels within the limits of its ETJ, 
requiring an undisturbed vegetated buffer be maintained. Additionally, the City of Monroe 
prohibits a building or fill material from being placed within a distance of the stream bank equal 
to five times the width of the stream at top of bank or 20 feet on each side, whichever is greater. 
The Union County Development Ordinance protects buffers adjacent to streams in the WSW 
areas of unincorporated Union County and in the Twelve Mile Creek WWTP service area. In the 
WSW areas of unincorporated Union County, the protected buffers extend 30 feet landward of 
the top of bank of perennial streams. The width of protected riparian buffers in the Twelve Mile 
Creek WWTP service area is 100 feet along perennial streams and 50 feet along intermittent 
streams. Within the Twelve Mile Creek WWTP service area, existing lakes and ponds that 
intersect a buffered stream are also buffered for the same width as the intersected stream.  

Impacts to riparian buffers are expected to be direct, minor, and adverse. The temporary and 
permanent impacts to protected riparian buffers adjacent to streams will affect 3.8 and 0.2 
acres, respectively. If an open water area is present in proximity to the pipe corridor and 
intersects a stream that is subject to the buffer protections, impacts to buffers abutting lakes and 
ponds in the Twelve Mile Creek WWTP service area may occur and are expected to be minor, 
direct, temporary, and adverse. 

5.12.1.6.   ALTERNATIVE 7 
The water main corridor for Alternative 7 will cross two perennial and seven intermittent 
streams. The impacts at the proposed stream crossings will be avoided by installing the 
proposed pipeline via trenchless techniques in order to protect the critical habitat and existing 
beds of federally endangered mussels that may be located at the proposed crossing. 
Trenchless stream crossings and avoidance of impact to the stream is a requirement under the 
GCWQMP (NCDENR, 2009). No direct or indirect, permanent impacts to streams are 
anticipated to occur due to implementation of the proposed alternative. 

No impacts to best use classification and support are expected to occur as a result of 
installation of the water main for Alternative 7. The alternative is located entirely within the 
Goose Creek Watershed and is protected under the GCWQMP. The Plan requires trenchless 
construction techniques for stream crossings in order to avoid disturbing the critical habitat 
areas and mussel beds that may be located at the proposed crossing (NCDENR, 2009). No 
change in best use classification is necessary for Alternative 7.  

Alternative 7 is located in four jurisdictions that are subject to riparian buffer restrictions. The 
City of Mint Hill, Mecklenburg County, unincorporated Union County, and the Goose Creek 
watershed all have riparian buffer protection programs and requirements in place. Alternative 7 
is located entirely within the Goose Creek watershed. The protections under the GCWQMP 
restrict activities and land disturbance in a larger area and are more stringent than the 
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protections under the SWIM. Therefore, the riparian buffer protections that are applied to buffers 
for Alternative 7 are those under the GCWQMP. The riparian buffer restrictions in the Goose 
Creek watershed were enacted to protect the populations and habitat of federally protected 
freshwater mussels documented in Goose Creek. The area protected under the GCWQMP as 
riparian buffer extends 200 feet landward of waterbodies where there is a 100-year floodplain 
present and 100 feet landward of all other waterbodies. Authorized disturbances of protected 
riparian areas under the GCWQMP are required to include stormwater controls, as specified in 
the GCWQMP. Direct, minor, adverse impacts to the riparian buffers are expected to be 6.4 
acres temporarily and 0.3 acre permanently. Authorization from the EMC is required to disturb 
the protected riparian areas.  

5.12.1.7.   ALTERNATIVE 8 
Alternative 8 includes two perennial stream crossings and five intermittent stream crossings 
along the water main corridor. One jurisdictional stream is present within the WTP D area. The 
well field layout has not yet been developed; however, the well field location was selected such 
that impacts to streams will be avoided. The length of stream to be impacted by the water main 
corridor under Alternative 8 will be 407 feet of perennial and 1,530 feet of intermittent streams. 
The perennial and intermittent stream crossings will result in direct, temporary, adverse, minor 
impacts at the crossing locations. No direct, permanent impacts are expected to occur due to 
Alternative 8. Impacts resulting from construction of WTP D cannot be quantified at this time as 
the layout thereof has not yet been developed. 

Temporary impacts to the waterbodies’ support of their respective uses will occur for Alternative 
8. The streams proposed to be crossed by the water main will be open-cut to accommodate 
installation of the water main and will be dewatered during construction. The uses of the 
waterbodies, including fishing, boating, aquatic life support, primary recreation, and water 
supply, will be unsupported in the construction area and partially supported immediately 
upstream and downstream of the construction area during construction. No change of best use 
classification is needed for the alternative.   

Alternative 8 is located in an unincorporated area of Union County. Riparian buffer protections 
apply to a 30-foot wide area adjacent to perennial streams within the WSW areas. Within the 
Twelve Mile Creek WWTP service area portion of the well field, riparian buffers extending 50 
feet landward of intermittent streams and 100 feet landward of perennial streams. Portions of 
the well field are subject to the riparian buffer restrictions. The wells require spacing of 1,000 
feet from another well. In order to avoid impacting the water level in the streams, the well field 
was selected based on an assumed need of a 500-foot wide offset from streams to individual 
wells. Therefore, no riparian buffer impacts are expected within the well field. 

5.12.1.8.   ALTERNATIVE 11 
The transmission line corridor for Alternative 11 will cross 18 perennial and 25 intermittent 
streams. The length of stream impacts will be 4,508 feet of perennial and 17,449 feet of 
intermittent streams. The impacts will be direct, temporary, minor, and adverse. Permanent 
impacts to the Pee Dee River will occur if Alternative 11 is implemented. The impacts will be 
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associated with the operation of the proposed effluent discharge structure in the river. 
Permanent impacts will be direct, minor, and adverse. 

Temporary impacts to the waterbodies’ support of their respective uses will occur for Alternative 
11. The streams that are proposed to be crossed by the transmission line will be open-cut to 
accommodate installation of the transmission line and will be dewatered during construction. 
The uses of the waterbodies, including fishing, boating, and aquatic life support for most 
streams and water supply for four streams, will be unsupported in the construction area and 
partially supported immediately upstream and downstream of the construction area during 
construction. No change of best use classification is needed for the alternative.   

Riparian buffer protections in the Alternative 11 transmission line corridor are provided by Stanly 
and Union counties and apply to perennial streams in a water supply watershed. In the 
Alternative 11 transmission line corridor, there are five streams with riparian buffer protections in 
each county. Temporary impacts to protected riparian buffers will affect approximately 3.7 
acres. Permanent impacts to protected riparian buffers are expected to occur to 0.2 acre 
thereof. 

5.12.1.9.   ALTERNATIVE WTP A 
One perennial stream is located in the WTP A area and may be impacted by construction of the 
facility. The impacts will be direct, minor, and adverse if an impact occurs. Without a facility 
layout, the determination as to the duration of the impact cannot be made. Approximately 3,300 
feet of perennial stream is mapped along the western boundary of the WTP A area. Efforts will 
be made during the design phase of the project to avoid impacting the perennial stream if it is 
feasible to do so. 

Temporary impacts to best use classification and support may occur due to the implementation 
of Alternative WTP A. The stream is rated for use for fishing, boating, and aquatic life support. If 
impacts to the stream due to the proposed alternative are not avoidable, then temporary 
impacts to use support will result from construction within or across the stream channel. 
Impacts, if any, are expected to occur only during construction. 

Riparian buffers in the WTP A area are not protected by Union County.  

5.12.1.10. ALTERNATIVE WTP B 
Alternative WTP B includes five intermittent stream crossings along the proposed water main 
corridor. The alternative will temporarily impact 1,438 feet of intermittent stream during 
construction. The impacts will be direct, minor, and adverse resulting from dewatering of the 
construction area and excavation of the trench. Direct, permanent impacts may occur to an 
intermittent stream located within the area proposed for the associated WTP. The design has 
not been developed to the level of detail necessary to quantify the impacts to the intermittent 
stream. Approximately 2,950 feet of intermittent stream are mapped along the western 
boundary of WTP B area. Efforts will be made to avoid and minimize impacts thereto during the 
design phase if Alternative WTP B is selected. 
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Temporary impacts to the waterbodies’ support of their respective uses will occur for Alternative 
WTP B. The streams proposed to be crossed by the water main will be open-cut to 
accommodate installation and will be dewatered during construction. The uses of the 
waterbodies, including fishing, boating, and aquatic life support, will be unsupported in the 
construction area and partially supported immediately upstream and downstream of the 
construction area during construction. No change of best use classification is needed for the 
alternative.   

Riparian buffers in the WTP B area are not protected by Union County.  

5.12.1.11. ALTERNATIVE WTP C 
The water main corridor for Alternative WTP C will cross 11 intermittent streams. The length of 
stream to be impacted is 3,426 feet of intermittent stream. The impacts will be direct, temporary, 
minor, and adverse and will be the result of dewatering the construction area and excavating the 
trench to install the proposed water main. No jurisdictional streams are known to occur within 
the WTP C facility area. Permanent impacts to streams will not occur for Alternative WTP C. 

Temporary impacts to the waterbodies’ support of their respective uses will occur for Alternative 
WTP C. The streams proposed to be crossed by the water main will be open-cut to 
accommodate installation of the water main and will be dewatered during construction. The 
uses of the waterbodies, including fishing, boating, and aquatic life support, will be unsupported 
in the construction area and partially supported immediately upstream and downstream of the 
construction area during construction. No change of best use classification is needed for the 
alternative.   

Riparian buffers in the WTP C area are not protected by Union County.  

5.12.1.12. NO-ACTION ALTERNATIVE 
The No-Action Alternative will not directly impact streams or protected riparian buffers as no 
construction or other activities are involved in the No-Action Alternative. 

5.12.2. Surface Water Quantity and Quality – Yadkin River Basin 

5.12.2.1. INTRODUCTION 
As part of the technical evaluations being conducted for Union County’s YRWSP, the County 
and Duke Energy contracted with HDR Engineering, Inc. of the Carolinas (HDR) to update an 
existing operations model of the Yadkin River Basin in North Carolina. The existing water 
quantity / hydro operations model was originally developed to support the Yadkin–Pee Dee 
Hydroelectric Project (No. 2206) Federal Energy Regulatory Commission (FERC) relicensing 
using the CHEOPS™ (Computerized Hydro Electric Operations Planning Software) platform 
and included the six hydroelectric developments on the Yadkin–Pee Dee River from High Rock 
reservoir through Blewett Falls reservoir, all in North Carolina (HDR, 2014b).  

CHEOPSTM is designed to evaluate the effects of operational changes and physical 
modifications at multi-development hydroelectric projects. The model, as developed for 
relicensing, included the Duke Energy Progress-owned Yadkin-Pee Dee Hydroelectric Project, 
FERC No. 2206, which includes the Tillery and Blewett Falls Developments, and the upstream 

252 
 



Union County Public Works | Environmental Impact Statement 
ENVIRONMENTAL CONSEQUENCES  

 

Alcoa Power Generating, Inc. (APGI)-owned Yadkin Hydroelectric Project, FERC No. 2197, 
which includes the High Rock, Tuckertown, Narrows, and Falls Developments. The relicensing 
operations model has been updated as part of this EIS to include the most-upstream reservoir, 
W. Kerr Scott, owned by the U.S. Army Corps of Engineers (USACE) (HDR, 2014a).  

The seven aforementioned Duke Energy Progress, APGI, and USACE facilities are collectively 
referred to herein as “the system.” This expanded model is intended to be used as a tool to 
assist in evaluating water quantity distribution between the seven reservoirs due to changes in 
model inputs including various operational modifications and possible interbasin transfers (IBT) 
(HDR, 2014b). Such evaluations have been performed by reviewing relative changes between 
proposed operational modifications (YRWSP alternatives) within the system. The Yadkin-Pee 
Dee Basin CHEOPSTM model was specifically used as part of this EIS to evaluate the direct 
effects of the proposed water withdrawals for Alternatives 1, 2A, 2B, 3, 4, 5 and 11 on water 
quantity. 

While Duke Energy Progress relied on the CHEOPSTM model platform during their FERC 
relicensing for the Yadkin-Pee Dee River Hydroelectric Project, APGI relied on the OASISTM 
model platform for water supply evaluations associated with FERC relicensing of their Yadkin 
Hydroelectric Project. The OASISTM platform is similar to that of CHEOPSTM. However, the 
CHEOPSTM model is being used for purposes of these evaluations due to recent hydrology 
updates made to the model through 2013 to include the most recent drought during 2006-2009, 
and incorporation of both the APGI and Duke Energy Progress system operating rules defined 
in their FERC relicensing applications and Settlement Agreements. In short, the CHEOPSTM 
model for the Yadkin River Basin is a more current and up-to-date model than the existing 
OASISTM model for the Basin. A detailed Yadkin-Pee Dee Basin CHEOPSTM Operations Model 
Study Model Logic and Verification Report may be found in Appendix E, CD-4. 

5.12.2.2. MODEL FEATURES  
The CHEOPSTM model was initially constructed for Duke Energy Progress’ (Formerly Progress 
Energy) FERC relicensing process and includes the following updated features as completed for 
this EIS and used by Union County for evaluation of alternatives in this EIS:  

• A 59-year hydrological record from 1955 through 2013.  
• Inflow adjustments based on historical reservoir operations, modified to eliminate 

negative inflow values from the data set.  
• Inclusion of net daily evaporation from reservoirs.  
• Basin-wide water withdrawals and return flows for all users through 2060 were 

developed specifically for the Union County YRWSP EIS evaluations. The evaluations 
for this EIS are based on current (Year 2012) and future (Year 2050) water demands, as 
2050 is the projection period used for Union County’s YRWSP. However, basin-wide 
water demand projections were also extended an additional ten years to 2060 for 
updating the CHEOPSTM model to provide an approximate 5-decade projection period to 
allow flexibility for potential future uses of the model. 

• Inclusion of the Low Inflow Protocol (LIP) for the Yadkin and Yadkin-Pee Dee River 
Hydroelectric Projects for procedures on how the Yadkin-Pee Dee River reservoir 
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system, as a whole, will be operated when inflow into the reservoirs is not enough to 
meet normal water demands while also maintaining lake levels within their normal 
ranges. A copy of the LIP is included in Appendix E, CD-1.  

5.12.2.3. SCENARIO NAME AND DETAILS - UNION COUNTY YRWSP IBT 
The following list describes the modeling scenario runs and associated naming nomenclature 
for the runs. 

• BLY-2012 (Yadkin Baseline-2012) 
o Existing 5 mgd (net) Union County grandfathered Catawba IBT from Catawba 

River, withdrawn at CRWTP between Lake Wylie and Fishing Creek Reservoir 
o No additional IBT for Union County’s YRWSP 
o Current (Year 2012) basin-wide water demands (withdrawals/returns) 

• BLY-2050 (Yadkin Baseline-2050) 
o Existing 5 mgd (net) Union County grandfathered Catawba IBT from Catawba 

River, withdrawn at CRWTP between Lake Wylie and Fishing Creek Reservoir 
o No additional IBT for Union County’s YRWSP 
o Future (Year 2050) basin-wide water demands (withdrawals/returns) 
o Includes future impact of climate change in future years resulting in an increased 

temperature of 2.3 deg F (0.6 deg F increase per decade) and lake surface 
evaporation increases of 7.8% (equivalent to an increase of 2% per decade), as 
compared to the 2012 baseline. This impact is consistent with the climate change 
impact considered by the Catawba-Wateree Water Management Group in 
preparation of the Catawba-Wateree Water Supply Master Plan baseline 
planning scenario, and is consistent with modeled climate change scenarios for 
this region of the United States. 

• A1-2012 (Alternative 1-2012) 
o 23 mgd (maximum month daily average demand (MMDD)) IBT (net) from Pee 

Dee River, withdrawn at Lake Tillery 
o Current (Year 2012) basin-wide water demand (withdrawals/returns) with Union 

County YRWSP projected Year 2050 IBT 
o Used to compare effects of Alternative 1 to BLY-2012 (Yadkin Baseline-2012) 

scenario under current basin-wide water demand. 
• A1-2050 (Alternative 1-2050) 

o 23 mgd (MMDD) IBT (net) from Pee Dee River, withdrawn at Lake Tillery 
o Future (Year 2050) basin-wide water demand (withdrawals/returns) with Union 

County YRWSP projected Year 2050 IBT 
o Used to compare effects of Alternative 1 to BLY-2050 (Yadkin Baseline-2050) 

scenario under future projected basin-wide water demand. 
o Includes future impact of climate change identified in scenario BLY-2050. 

• A2A-2012 (Alternative 2A-2012) 
o 23 mgd (MMDD) IBT (net) from Yadkin River, withdrawn at Narrows Reservoir 
o Current (Year 2012) basin-wide water demand (withdrawals/returns) with Union 

County YRWSP projected Year 2050 IBT 
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o Used to compare effects of Alternative 2A to BLY-2012 (Yadkin Baseline-2012) 
scenario under current basin-wide water demand. 

• A2A-2050 (Alternative 2A-2050) 
o 23 mgd (MMDD) IBT (net) from Yadkin River, withdrawn at Narrows Reservoir 
o Future (Year 2050) basin-wide water demand (withdrawals/returns) with Union 

County YRWSP projected Year 2050 IBT 
o Used to compare effects of Alternative 2A to BLY-2050 (Yadkin Baseline-2050) 

scenario under future projected basin-wide water demand. 
o Includes future impact of climate change identified in scenario BLY-2050. 

• A2B-2012 (Alternative 2B-2012) 
o 23 mgd (MMDD) IBT (net) from Yadkin River, withdrawn at Tuckertown Reservoir 
o Current (Year 2012) basin-wide water demand (withdrawals/returns) with Union 

County YRWSP projected Year 2050 IBT 
o Used to compare effects of Alternative 2B to BLY-2012 (Yadkin Baseline-2012) 

scenario under current basin-wide water demand. 
• A2B-2050 (Alternative 2B-2050) 

o 23 mgd (MMDD) IBT (net) from Yadkin River, withdrawn at Tuckertown Reservoir 
o Future (Year 2050) basin-wide water demand (withdrawals/returns) with Union 

County YRWSP projected Year 2050 IBT 
o Used to compare effects of Alternative 2B to BLY-2050 (Yadkin Baseline-2050) 

scenario under future projected basin-wide water demand. 
o Includes future impact of climate change identified in scenario BLY-2050. 

• A3-2012 (Alternative 3-2012) 
o 14.2 mgd (MMDD) IBT (net) from Pee Dee River, withdrawn at Blewett Falls 

Lake 
o Current (Year 2012) basin-wide water demand (withdrawals/returns) with Union 

County YRWSP projected Year 2050 IBT 
o Used to compare effects of Alternative 3 to BLY-2012 (Yadkin Baseline-2012) 

scenario under current basin-wide water demand. 
• A3-2050 (Alternative 3-2050) 

o 14.2 mgd (MMDD) IBT (net) from Pee Dee River, withdrawn at Blewett Falls 
Lake 

o Future (Year 2050) basin-wide water demand (withdrawals/returns) with Union 
County YRWSP projected Year 2050 IBT 

o Used to compare effects of Alternative 3 to BLY-2050 (Yadkin Baseline-2050) 
scenario under future projected basin-wide water demand. 

o Includes future impact of climate change identified in scenario BLY-2050. 
• A4-2012 (Alternative 4-2012) 

o 14.2 mgd (MMDD) IBT (net) from Pee Dee River, withdrawn between Lake Tillery 
and Blewett Falls Lake 

o Current (Year 2012) basin-wide water demand (withdrawals/returns) with Union 
County YRWSP projected Year 2050 IBT 

o Used to compare effects of Alternative 4 to BLY-2012 (Yadkin Baseline-2012) 
scenario under current basin-wide water demand. 
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• A4-2050 (Alternative 4-2050) 
o 14.2 mgd (MMDD) IBT (net) from Pee Dee River, withdrawn between Lake Tillery 

and Blewett Falls Lake 
o Future (Year 2050) basin-wide water demand (withdrawals/returns) with Union 

County YRWSP projected Year 2050 IBT 
o Used to compare effects of Alternative 4 to BLY-2050 (Yadkin Baseline-2050) 

scenario under future projected basin-wide water demand. 
o Includes future impact of climate change identified in scenario BLY-2050. 

• A5-2012 (Alternative 5-2012) 
o No IBT; 23 mgd (MMDD) withdrawal from the Rocky River 
o Current (Year 2012) basin-wide water demand (withdrawals/returns) with Union 

County YRWSP projected Year 2050 IBT 
o Used to compare effects of Alternative 5 to BLY-2012 (Yadkin Baseline-2012) 

scenario under current basin-wide water demand. 
• A5-2050 (Alternative 5-2050) 

o No IBT; 23 mgd (MMDD) withdrawal from the Rocky River 
o Future (Year 2050) basin-wide water demand (withdrawals/returns) with Union 

County YRWSP projected Year 2050 IBT 
o Used to compare effects of Alternative 5 to BLY-2050 (Yadkin Baseline-2050) 

scenario under future projected basin-wide water demand. 
o Includes future impact of climate change identified in scenario BLY-2050. 

• A11-2012 (Alternative 11-2012) 
o 16.4 mgd (MMDD) IBT (net) from Pee Dee River, withdrawn at Lake Tillery 
o Current (Year 2012) basin-wide water demand (withdrawals/returns) with Union 

County YRWSP projected Year 2050 IBT 
o Used to compare effects of combined Alternative 1 and Alternative 11 to BLY-

2012 (Yadkin Baseline-2012) scenario under current basin-wide water demand. 
• A11-2050 (Alternative 11-2050) 

o 16.4 mgd (MMDD) IBT (net) from Pee Dee River, withdrawn at Lake Tillery 
Future (Year 2050) basin-wide water demand (withdrawals/returns) with Union 
County YRWSP projected Year 2050 IBT 

o Used to compare effects of combined Alternative 1 and Alternative 11 to BLY-
2050 (Yadkin Baseline-2050) scenario under future projected basin-wide water 
demand. 

o Includes future impact of climate change identified in scenario BLY-2050. 

5.12.2.4. IBT QUANTITIES AND DISTRIBUTIONS  
The impacts of the Alternatives 1, 2A, 2B, 3, 4, 5 and 11 IBT options from the Yadkin River 
Basin were evaluated for current basin-wide water demands based on Year 2012 values and 
future basin-wide water demands based on Year 2050 projections. The basin-wide water 
demands used for this modeling effort are based on the projections developed by HDR as part 
of the CHEOPSTM update for this EIS. Projections of water demands included municipal water 
supply, power plant cooling, agricultural/irrigation, and industry. These demands include other 
IBTs that are certified, grandfathered, or anticipated but not certified. The model requires that 
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withdrawals be supplied as annual average withdrawal values. Since the withdrawal is not the 
same for every day of the year, the annual average values are adjusted to produce monthly use 
patterns and thus simulate seasonal water use patterns. In the CHEOPSTM model, each 
withdrawal’s monthly distribution is based on the historical pattern for that water user. The Union 
County proposed IBT withdrawals were distributed according to the County’s monthly demand 
patterns from 2006 to 2012. Table 5-10 shows the monthly distribution of average demands as 
a percentage of annual average demand that was used in the CHEOPSTM model for Union 
County’s modeled withdrawals. 

Table 5-10 IBT Monthly Distribution Based on 2006 to 2012 Union County Water Use 

Month Percent of Average Month Percent of 
Average 

January  79%  July  123%  
February  77%  August  117%  
March  80%  September  113%  
April  96%  October  107%  
May  115%  November  91%  
June  121%  December  81%  
 

5.12.2.5. USE OF MODEL RESULTS  
The model results are used throughout this EIS to analyze impacts of the proposed Yadkin 
River Basin water supply alternatives for the Union County YRWSP on specific parameters. 
Model results were analyzed for the following parameters:  

• Lake Levels 

o Aesthetics 

 Effect of IBT alternatives on lake aesthetics, based on lake elevation 

o Water Withdrawal 

 Effect of IBT alternatives on water supply/withdrawal by other water 
users, based on lake elevation and storage. 

• Reservoir Outflows (Downstream releases) 

o Effect of IBT alternatives on reservoir outflow for each of the reservoirs in the 
system 

• Water Quantity Management (LIP Occurrence) 

o Effect of IBT alternatives on system-wide occurrence of various LIP levels 

• Hydropower Generation 

o Effect of IBT alternatives on Duke Energy Progress and APGI hydropower 
generation 

Three distinct hydrologic periods were analyzed within the model for each scenario, and 
included the following: 
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• Full Period of Record (59-year hydrology, 1955-2013) 

• Drought 1 (5-year low inflow period (Drought of Record), 1999-2003) 

• Drought 2 (4-year low inflow period; most recent significant drought), 2006-2009) 

Under these parameters, the results of the modeling are summarized in a set of Performance 
Measure Sheets (PMS) for comparison purposes to assess the impacts of IBT quantity on the 
system and its reservoirs, as compared to “baseline” conditions under both current and future 
water demands throughout the Yadkin River Basin. This assessment and development of 
performance metrics were based on HDR’s recently enhanced CHEOPSTM model and the 
operating agreements used as the basis for the FERC license applications for the Yadkin and 
Yadkin-Pee Dee Hydroelectric Projects filed with FERC in April 2006, and the Comprehensive 
Settlement Agreements for the relicensing of the Yadkin and Yadkin-Pee Dee Hydroelectric 
Projects dated February, 2007 and June, 2007, respectively. 

The original concept of the PMS was developed during the relicensing process for the Duke 
Energy Catawba-Wateree Hydroelectric Project.  Since the 11 reservoirs and numerous diverse 
stakeholders to the system all had different metrics of interest and differing opinions on how to 
rate differences between operating regimes (as computed and measured as output to model 
scenarios), the PMS concept was developed.  In this concept, each reservoir basin is evaluated 
with general criteria such as reservoir elevations, outflows, powerhouse generation, and time 
spent in Low Inflow Protocol (LIP) stages.  Since recreational boaters and parties who withdraw 
water for consumptive uses have different criteria, general categories were developed.  These 
different categories allow for the setting of the elevation or flow of interest, and the variance 
around that value which is considered acceptable, moderately acceptable, or not acceptable.  
Each stakeholder in the CW relicensing process had an opportunity to participate in the 
identification of categories and setting of the metric values to best represent their interests. 

Additional experience in the PMS development process was gained during the Keowee-
Toxaway relicensing for Duke Energy’s Jocassee, and Keowee hydroelectric developments.  
During this relicensing process, stakeholder inputs were sought and utilized in measuring the 
impacts from one operating regime to another. 

During the Union County IBT model development process, HDR worked with Union County, 
Duke Energy and NCDWR representatives to identify likely metrics and conditions which may 
be of concern to other stakeholders.  The metrics of this PMS contain the licensed flow 
requirements, likely areas of concern such as the amount of time spent at or near the maximum 
pool elevation(s), target elevation(s), and minimum elevation(s).  The determination of what was 
considered a “minor” versus a “moderate” category were based on experience from the 
previously noted regional hydroelectric relicensing efforts, taking into consideration the possible 
concerns of stakeholders throughout the Yadkin-Pee Dee River Basin. 

5.12.2.6. DIRECT IMPACTS – YADKIN RIVER BASIN WATER QUANTITY 
The Yadkin River Basin CHEOPSTM model has been used to evaluate the impacts of the 
proposed interbasin transfer alternatives for a 23 mgd (MMDD) withdrawal for the Union County 
YRWSP from various locations between Tuckertown Reservoir and Blewett Falls Lake. Key 
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indicators used are lake levels and water storage in W. Kerr Scott Reservoir, High Rock Lake, 
Tuckertown Reservoir, and Narrows Reservoir (Badin Lake), Lake Tillery and Blewett Falls 
Lake, as related to both reservoir aesthetics (including recreation) and water withdrawal for 
water supply uses. Additional indicators include the impact on downstream releases from these 
projects and effect on hydropower generation at both APGI and Duke Energy Progress 
operated hydroelectric facilities. Additionally, a summary of predicted LIP stages over the 59-
year hydrological Period of Record has been developed for evaluation purposes. Under each of 
the IBT alternatives (except Alternative 11), a portion of the proposed water withdrawal would 
be returned to the Pee Dee River at the downstream reservoir on the system, Blewett Falls 
Lake, through Union County’s discharges into the Rocky River from the Crooked Creek WRF 
and City of Monroe WWTP. 

Two distinct comparisons have been made for evaluating each surface water alternative from 
the Yadkin River Basin (Alternatives 1, 2A, 2B, 3, 4, 5 and 11). The proposed water transfer 
under each alternative has been compared to a “baseline” scenario based on system operations 
and existing/projected basin water demands, without any proposed Union County IBT. 
Comparisons have been made to the following “baseline” scenarios: 

1. BLY_2012 
• Yadkin baseline system operations with current (Year 2012) basin-wide water 

demand estimates. 
• Used to compare Union County’s Year 2050 projected IBT amount under each 

alternative to current water use within the Basin in the Year 2012. 
2. BLY_2050 

• Yadkin baseline system operations with future (Year 2050) basin-wide water 
demand estimates. 

• Used to compare Union County’s Year 2050 projected IBT amount under each 
alternative to future projected water use within the Basin in the Year 2050. 

• Includes future impact of climate change previously identified. 

As previously noted, for each model scenario evaluated, results were analyzed for three distinct 
hydrology periods, as follows: 

1. Period of Record (POR) = 1955 to 2013 
2. Drought 1 (Yadkin River Basin Drought of Record (DOR)) = 1999 to 2003 
3. Drought 2 (most recent significant drought within the Basin) = 2006 to 2009 

Direct impacts on water quantity for each alternative have been evaluated for their impacts to 
lake levels (for both lake aesthetics and water withdrawals), reservoir discharges, water quantity 
management (LIP occurrence) and hydropower generation. In general, results for all 
alternatives reflect negligible impacts to the baseline scenarios due to the proposed Union 
County IBT. This is especially true for the period of record (POR) evaluations as, over the 59 
year period, the proposed IBT would have a negligible effect on system operations and water 
quantity. Minor to moderate impacts were noted for certain alternatives and in certain scenarios 
during modeled drought periods. No major impacts were identified from the water quantity 
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modeling. The primary differences in metrics observed are between the 2050 and 2012 
evaluations from projected basin-wide water demand increases in the future, not the proposed 
Union County IBT. 

Lake Levels 

Aesthetics 
Often of important consideration to lakeside property owners and parties with recreational 
interests for particular lakes is the effect of water withdrawals on lake elevations and, 
subsequently, lake aesthetics. Given this consideration, the effect of each Union County surface 
water supply alternative from the Yadkin River Basin was evaluated in CHEOPSTM for their 
effect on lake elevations, relative to the operating rule/guide curve, full pond elevation, and/or 
normal minimum elevation for a particular reservoir, as a percentage of time the end of day 
elevations are within a particular range of the reservoir rule/guide curve or full pond elevation. 
Results from the applicable Performance Measure Sheets (PMS) for the model analysis are 
summarized in the following tables, by reservoir, alternative and baseline scenario comparison 
(BLY-2012 or BLY-2050). Potential negative impacts, as compared to the “baseline” scenarios, 
are denoted by “-” (Negligible Impact, with no detectable modeled impact, as compared to 
baseline), “MI” (Minor Impact, typically resulting in negative impact of >0% and <5%, as 
compared to baseline), “MO” (Moderate Impact, typically resulting in negative impact of 5% to 
<15%, as compared to baseline), and “MA” (Major Impact, typically resulting in negative impact 
of 15% or greater. For detailed results of the PMS, see Appendix E, CD-2. 
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Table 5-11 Period of Record (1955 to 2013) Lake Aesthetics (Elevation) Impacts, Based on % of Time End of 
Day Elevations within Particular Range of Rule/Guide Curve or Full Pond Elevation 

Reservoir Comparison to BLY-2012 Current 
(2012) Basin-Wide Water Use With 

Union County 2050 IBT 

Comparison to BLY-2050 Future 
(2050) Basin-Wide Water Use With 

Union County 2050 IBT 
Alternative Alternative 

1 2A 2B 3 4 5 11 1 2A 2B 3 4 5 11 
W. Kerr Scott - - - - - - - - - - - - - - 
High Rock - - - - - - - - - - - - - - 
Tuckertown - - MI - - - - - - MI - - - - 
Narrows (Badin) - MO MI - - - - - MI MI - - - - 
Falls - MI - - - - - - MO MO - - - - 
Tillery - - - - - - - - - - - - - - 
Blewett Falls MI - - MI MI MI - MI - - MI MI MI MI 
 “-” = Negligible Impact“(no detectable impact); MI” = Minor Impact (>0% to <5%); “MO” = Moderate Impact (5% to 
<15%); “MA” = Major Impact (≥15%) 
 
Table 5-12 Drought 1 (1999 to 2003) Lake Aesthetics (Elevation) Impacts, Based on % of Time End of Day 
Elevations within Particular Range of Rule/Guide Curve or Full Pond Elevation 

Reservoir Comparison to BLY-2012 Current 
(2012) Basin-Wide Water Use With 

Union County 2050 IBT 

Comparison to BLY-2050 Future 
(2050) Basin-Wide Water Use With 

Union County 2050 IBT 
Alternative Alternative 

1 2A 2B 3 4 5 11 1 2A 2B 3 4 5 11 
W. Kerr Scott - - - - - - - - - - - - - - 
High Rock - - - - - - - - MI MI - - - - 
Tuckertown - - MO - - - - - MI MO - - - - 
Narrows (Badin) - MO MI - - - - - MO MO - - - - 
Falls - MI - - - - - - MI MI - - - - 
Tillery - - - - - - - MI MI MI MI MI MI MI 
Blewett Falls MI - - MI MI MI MI MI MI MI MI MI MI MI 
“-” = Negligible Impact“(no detectable impact); MI” = Minor Impact (>0% to <5%); “MO” = Moderate Impact (5% to 
<15%); “MA” = Major Impact (≥15%) 
 
Table 5-13 Drought 2 (2006 to 2009) Lake Aesthetics (Elevation) Impacts, Based on % of Time End of Day 
Elevations within Particular Range of Rule/Guide Curve or Full Pond Elevation 

Reservoir Comparison to BLY-2012 Current 
(2012) Basin-Wide Water Use With 

Union County 2050 IBT 

Comparison to BLY-2050 Future 
(2050) Basin-Wide Water Use With 

Union County 2050 IBT 
Alternative Alternative 

1 2A 2B 3 4 5 11 1 2A 2B 3 4 5 11 
W. Kerr Scott - - - - - - - - - - - - - - 
High Rock - - - - - - - - MI MI - - - - 
Tuckertown - - MO - - - - - MI MI - - - - 
Narrows (Badin) - MO MI - - - - - MO MI - - - - 
Falls - MI MI - - - - - - - - - - - 
Tillery - - - - - - - - - - - - - - 
Blewett Falls - - - - - - - MI - - MI MI MI MI 
“-” = Negligible Impact“(no detectable impact); MI” = Minor Impact (>0% to <5%); “MO” = Moderate Impact (5% to 
<15%); “MA” = Major Impact (≥15%) 
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Table 5-14 Period of Record (1955-2013) Average Modeled Lake Elevation Differences for YRWSP 
Alternatives (Union County 2050 IBT) as Compared to Baseline Current (2012) Conditions  

Reservoir Avg. 
Elev. 
(feet) 

Difference (inches) from 
BASE (UC2050_2012) 

Avg. 
Elev. 
(feet) 

Difference (inches) from 
BASE (2050) 

Base 
2012 

Alternative Base 
2050 

Alternative 
1 2A 2B 3 4 5 11 1 2A 2B 3 4 5 11 

W. Kerr Scott 1030.2 - - - - - - - 1030.1 - - - - - - - 
High Rock 623.2 - - - - - - - 623.2 - - - - - - - 
Tuckertown 564.2 - - - - - - - 564.2 - - - - - - - 
Narrows (Badin) 509.0 - - - - - - - 509.0 - -1 - - - - - 
Falls 330.9 - - - - - - - 330.9 - - - - - - - 
Tillery 278.0 - - - - - - - 278.0 - - - - - - - 
Blewett Falls 176.5 - - - - - - - 176.5 - - - - - - - 
“-” = No modeled change in lake elevation for alternative as compared to  baseline condition 
 
Table 5-15 Drought 1 (1999-2003) Average Modeled Lake Elevation Differences for YRWSP Alternatives 
(Union County 2050 IBT) as Compared to Baseline Current (2012) Conditions  

Reservoir Avg. 
Elev. 
(feet) 

Difference (inches) from 
BASE (UC2050_2012) 

Avg. 
Elev. 
(feet) 

Difference (inches) from 
BASE (2050) 

Base 
2012 

Alternative Base 
2050 

Alternative 
1 2A 2B 3 4 5 11 1 2A 2B 3 4 5 11 

W. Kerr Scott 1030.0 - - - - - - - 1030.0 - - - - - - - 
High Rock 622.1 - - - - - - - 622.0 - - -1 - - - - 
Tuckertown 564.0 - - -5 - - - - 563.9 - - -5 - - - - 
Narrows (Badin) 508.8 - -4 -1 - - - - 508.6 - -4 -1 - - - - 
Falls 330.2 - - - - - - - 330.2 - - - - - - - 
Tillery 278.0 - - - - - - - 278.0 - - - - - - - 
Blewett Falls 176.6 - - - - - - - 176.4 -1 - - -1 -1 -1 -1 
“-” = No modeled change in lake elevation for alternative as compared to  baseline condition 
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Table 5-16 Drought 2 (2006-2009) Average Modeled Lake Elevation Differences for YRWSP Alternatives 
(Union County 2050 IBT) as Compared to Baseline Current (2012) Conditions  

Reservoir Avg. 
Elev. 
(feet) 

Difference (inches) from 
BASE (UC2050_2012) 

Avg. 
Elev. 
(feet) 

Difference (inches) from 
BASE (2050) 

Base 
2012 

Alternative Base 
2050 

Alternative 
1 2A 2B 3 4 5 11 1 2A 2B 3 4 5 11 

W. Kerr Scott 1030.1 - - - - - - - 1030.0 - - - - - - - 
High Rock 622.9 - - - - - - - 622.9 - - -1 - - - - 
Tuckertown 564.2 - - -2 - - - - 564.1 - - -1 - - - - 
Narrows (Badin) 508.8 - -1 - - - - - 508.8 - -2 -1 - - - - 
Falls 330.4 - -1 -1 - - - - 330.3 - - - - - - - 
Tillery 278.0 - - - - - - - 278.0 - - - - - - - 
Blewett Falls 176.5 - - - - - - - 176.5 - - - - - - - 
“-” = No modeled change in lake elevation for alternative as compared to  baseline condition 

 

W. Kerr Scott Reservoir 

Impacts to lake elevations were observed to be negligible in W. Kerr Scott Reservoir as the 
result of Union County’s proposed IBT under Alternatives 1, 2A, 2B, 3, 4, 5 or 11. This is due 
largely to the fact that the operational rules of this reservoir are not dependent on the 
downstream APGI or Duke Energy Progress hydroelectric projects. As all proposed IBT 
alternative withdrawals are downstream of this reservoir, there are no observed impacts to lake 
elevations in W. Kerr Scott Reservoir under current or future projected basin-wide water 
demands. 

High Rock Lake 

As indicated by Tables 5-11, 5-12 and 5-13, while impacts to lake elevations were observed to 
be negligible in High Rock Lake as the result of Union County’s proposed IBT under Alternatives 
1, 2A, 2B, 3, 4, 5 or 11, based on current basin water demands, modeling of future basin water 
demands indicate minor impacts to lake elevations in High Rock Lake under Alternatives 2A 
(Narrows Reservoir withdrawals) and 2B (Tuckertown Reservoir withdrawals). During the POR, 
Drought 1 and Drought 2, impacts to lake elevations are considered minor, resulting in elevation 
deviations from the baseline scenarios approximately 1% to 2% of the time. For all other 
alternatives (1, 3, 4, 5 and 11), impacts to lake elevations in High Rock Lake are observed to be 
negligible under current or future basin-wide water demand projections. 

As indicated in Tables 5-14, 5-15 and 5-16, with the 2050 demands including the Union County 
IBT under each Yadkin River Basin alternative (1, 2A, 2B, 3, 4, 5 and 11), annual average High 
Rock Lake modeled elevations for the POR, Drought 1 and Drought 2 period are no lower than 
the baseline operations with current basin-wide water demands. 

Tables 5-14, 5-15 and 5-16 additionally indicate that with the 2050 demands of the Union 
County IBT from Tuckertown Reservoir (Alternative 2B), annual average High Rock Lake 
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elevations for the Drought 1 and 2 periods are approximately 1-inch lower, as compared to 
baseline operations with future (Year 2050) basin-wide water demands. Impacts on elevations 
are observed to be negligible, on an average annual average basis, for the POR analysis for 
Alternative 2B. Additionally, impacts are observed to be negligible to High Rock Lake for any of 
the other alternatives (1, 2A, 3, 4, 5 and 11) for the POR, Drought 1 and Drought 2 periods. 

Tuckertown Reservoir 

As indicated by Tables 5-11, 5-12 and 5-13, impacts to lake elevations were observed in 
Tuckertown Reservoir under Alternative 2B, where a Union County IBT would withdraw water 
from Tuckertown Reservoir. During the POR, impacts to lake elevations are considered minor, 
resulting in elevation deviations from the baseline scenarios approximately 1% to 2% of the 
time. However, during both Drought 1 and Drought 2, these impacts are moderate with 
deviations from the baseline scenarios approximately 10% to 14% of the time during these 
shorter drought periods. Additionally, minor impacts during Drought 1 and 2 are observed under 
Alternative 2A (Narrows Reservoir withdrawals), with future projected basin-wide water 
demands, with deviations approximately 1% to 2% of the time. For all other alternatives (1, 3, 4, 
5 and 11), impacts to lake elevations in Tuckertown Reservoir are observed to be negligible, 
under current and projected future basin-wide water demands. 

As indicated in Tables 5-14, 5-15 and 5-16, with the 2050 demands of the Union County IBT 
from Tuckertown Reservoir (Alternative 2B), annual average Tuckertown Reservoir elevations 
for the Drought 1 period would be about 5 inches lower and about 2 inches lower during the 
Drought 2 period as compared to baseline operations with current basin-wide water demands. 
No impact to average elevations is modeled during the POR for Alternative 2B. Additionally, no 
other alternative (1, 2A, 3, 4, 5 and 11) is modeled to have more than a negligible impact to 
Tuckertown Reservoir elevations during the POR, Drought 1 or Drought 2 periods. 

Tables 5-14, 5-15 and 5-16 additionally indicate that with the 2050 demands of the Union 
County IBT from Tuckertown Reservoir (Alternative 2B), annual average Tuckertown Reservoir 
elevations for the Drought 1 period would be about 5 inches lower and about 1 inch lower during 
the Drought 2 period as compared to baseline operations with future (Year 2050) basin-wide 
water demands. No impact to average elevations is modeled during the POR for Alternative 2B. 
Additionally, no other alternative (1, 2A, 3, 4, 5 and 11) is modeled to have more than a 
negligible impact to Tuckertown Reservoir elevations during the POR, Drought 1 or Drought 2 
periods. 

Narrows Reservoir (Badin Lake) 

As indicated by Tables 5-11, 5-12 and 5-13, impacts to lake elevations were observed in 
Narrows Reservoir under both Alternative 2A and 2B, where a Union County IBT would 
withdraw water from Narrows Reservoir (Alternative 2A) or Tuckertown Reservoir (Alternative 
2B). During the POR, impacts to lake elevations are considered minor under Alternative 2B, 
resulting in elevation deviations from the baseline scenarios approximately 1% of the time. 
Under Alternative 2A, the impacts are considered moderate during the POR, with elevation 
deviations from the baseline scenarios approximately 7% of the time. During both Drought 1 and 
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Drought 2, these impacts are considered moderate under Alternative 2A, with deviations from 
the baseline scenarios approximately 9% to 12% of the time during these shorter drought 
periods. Additionally, impacts under Alternative 2B during the Drought 1 period are noted as 
being moderate when future basin-wide water demands are applied. For all other alternatives 
(1, 3, 4, 5 and 11), impacts to lake elevations in Narrows Reservoir are observed to be 
negligible, under current and projected future basin-wide water demands. 

As indicated in Tables 5-14, 5-15 and 5-16, with the 2050 demands of the Union County IBT 
from Narrows Reservoir (Alternative 2A), annual average Narrows Reservoir elevations for the 
Drought 1 period would be about 4-inches lower and about 1-inch lower for the Drought 2 
period, as compared to baseline operations with current basin-wide water demands. 
Additionally, the proposed withdrawal from Tuckertown Reservoir (Alternative 2B) would lower 
annual average Narrows Reservoir elevations for the Drought 1 period by about 1-inch. No 
impact to average elevations is modeled during the POR for any alternative. Additionally, no 
other alternative (1, 3, 4, 5 and 11) is modeled to have more than a negligible impact to Narrows 
Reservoir elevations during the Drought 1 or Drought 2 periods. 

Tables 5-14, 5-15 and 5-16 additionally indicate that with the 2050 demands of the Union 
County IBT from Narrows Reservoir (Alternative 2A), annual average Narrows Reservoir 
elevations would be approximately 1-inch lower over the POR, 4-inches lower during the 
Drought 1 period and about 1-inch lower for the Drought 2 period, as compared to baseline 
operations with future (Year 2050) basin-wide water demands. Additionally, the proposed 
withdrawal from Tuckertown Reservoir (Alternative 2B) would lower annual average Narrows 
Reservoir elevations for both the Drought 1 and Drought 2 periods by about 1-inch, but no 
modeled change to average elevations over POR. No other alternative (1, 3, 4, 5 and 11) is 
modeled to have more than a negligible impact to Narrows Reservoir elevations during the 
POR, Drought 1 or Drought 2 periods. 

Falls Reservoir 

As indicated by Tables 5-11, 5-12 and 5-13, impacts to lake elevations were observed in Falls 
Reservoir under Alternative 2A and 2B, where a Union County IBT would withdraw water from 
Narrows Reservoir and Tuckertown Reservoir, respectively. During the POR, Drought 1 and 
Drought 2, impacts to lake elevations are considered minor, resulting in elevation deviations 
from the baseline scenarios approximately 1% to 2% of the time. For all other alternatives (1, 3, 
4, 5 and 11), impacts to lake elevations in Falls Reservoir are observed to be negligible under 
current and projected future basin-wide water demands. 

As indicated in Tables 5-14, 5-15 and 5-16, with the 2050 demands including the Union County 
IBT under each Yadkin River Basin alternative (1, 2A, 2B, 3, 4, 5 and 11), annual average Falls 
Reservoir modeled elevations for the POR and Drought 1 periods are no lower than the 
baseline operations with current basin-wide water demands. However, during the Drought 2 
period, withdrawals from Narrows Reservoir (Alternative 2A) and  Tuckertown Reservoir 
(Alternative 2B) result in annual average Falls Reservoir elevations approximately 1-inch lower 
than the baseline condition. For all other alternatives (1, 3, 4, 5 and 11), impacts are observed 
to be negligible during the Drought 2 period. 

265 
 



Union County Public Works | Environmental Impact Statement 
ENVIRONMENTAL CONSEQUENCES  

 

Tables 5-14, 5-15 and 5-16 additionally indicate that with the 2050 demands of the Union 
County IBT under each Yadkin River Basin alternative (1, 2A, 2B, 3, 4, 5 and 11), annual 
average Falls Reservoir elevations for the POR, Drought 1 and Drought 2 periods are not 
modeled as being any lower than the baseline operations with future (Year 2050) basin-wide 
water demands. 

Lake Tillery 

As indicated by Tables 5-11, 5-12 and 5-13, impacts to lake elevations were observed to be 
negligible to Lake Tillery as the result of Union County’s proposed IBT under Alternatives 1, 2A, 
2B, 3, 4, 5 or 11, based on current basin-wide water demands. Even direct withdrawals from 
Lake Tillery as proposed under Alternative 1 are not observed to change elevations within the 
lake. However, under future projected basin-wide water demands during the Drought 1 period 
only, Union County’s proposed IBT under Alternatives 1, 3, 4, 5 and 11 are observed to have 
minor impacts on elevations within Lake Tillery, with deviations approximately 1% to 2% of the 
time. Although, elevation impacts are considered negligible for these alternatives during the 
POR or Drought 2 period, even with the increased projected future basin-wide water demands. 

As indicated in Tables 5-14, 5-15 and 5-16, with the 2050 demands of the Union County IBT 
under Alternatives 1, 2A, 2B, 3, 4, 5 and 11, model results do not indicate a notable difference in 
annual average Lake Tillery elevations for the POR, Drought 1 and Drought 2 periods as 
compared to the baseline operations with current basin-wide water demands. 

Tables 5-14, 5-15 and 5-16 additionally indicate that with the 2050 demands of the Union 
County IBT under Alternatives 1, 2A, 2B, 3, 4, 5 and 11, model results do not indicate a notable 
difference in annual average Lake Tillery elevations for the POR, Drought 1 and Drought 2 
periods when compared to the baseline operations with future (Year 2050) basin-wide water 
demands. 

Blewett Falls Lake 

As indicated by Tables 5-11, 5-12 and 5-13, minor impacts to lake elevations were observed in 
Blewett Falls Lake under Alternative 1, 3, 4, 5 and 11, where a Union County IBT would 
withdraw water from either Lake Tillery (Alternatives 1 and 11), Blewett Falls Lake (Alternative 
3), the Pee Dee River (Alternative 4), or the Rocky River (Alternative 5). During the POR, 
Drought 1 and Drought 2, impacts to lake elevations are considered minor, resulting in elevation 
deviations from the baseline scenarios approximately 1% to 2% of the time. It is noted that any 
of the proposed withdrawals (including the non-IBT Alternative 5 Rocky River withdrawal) from 
Duke Energy Progress’ Yadkin-Pee Dee Hydroelectric Project or tributaries flowing to Blewett 
Falls Lake could have a minor impact on the elevation of Blewett Falls Lake. For alternatives 
with withdrawals outside of the Yadkin-Pee Dee Hydroelectric Project (2A and 2B), impacts to 
lake elevations in Blewett Falls Lake are observed to be negligible. 

As indicated in Tables 5-14, 5-15 and 5-16, with the 2050 demands of the Union County IBT 
under Alternatives 1, 2A, 2B, 3, 4, 5 and 11, model results do not indicate a notable difference in 
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annual average Blewett Falls Lake elevations for the POR, Drought 1 and Drought 2 periods 
when compared to the baseline operations with current basin-wide water demands. 

Tables 5-14, 5-15 and 5-16 additionally indicate that with the 2050 demands of the Union 
County IBT under Alternatives 1, 3, 4, 5 and 11, annual average Blewett Falls Lake elevations 
for the Drought 1 period would be about 1-inch lower, as compared to baseline operations with 
future (Year 2050) basin-wide water demands. However, during both the POR and Drought 2 
periods, there are no modeled differences in average lake elevations for the alternatives as 
compared to the baseline condition. Withdrawals under Alternatives 2A and 2B are not modeled 
to affect Blewett Falls Lake average elevations under the POR, Drought 1 or Drought 2 periods. 

Summary 

Generally, the CHEOPSTM modeling results for Alternatives 1, 3, 4, 5 and 11, with water 
withdrawals from Duke Energy Progress operated lakes (Lake Tillery or Blewett Falls Lake) or 
tributaries flowing thereto, show impacts on lake elevations to be negligible to minor, when 
compared to the respective baseline scenario. Only slight reductions in elevations were noted in 
these reservoirs for small percentages of time under the aforementioned alternatives, typically 
resulting in annual average elevation differences less than ¼ -inch, even with the higher Year-
2050 basin-wide water use projections and during extreme drought periods. 

However, under Alternatives 2A and 2B, for withdrawals from APGI operated lakes, moderate 
impacts on reservoir elevations are apparent in Tuckertown Reservoir and Narrows Reservoir 
due to elevated percentages of the time below defined full pond and/or target operating curve 
levels, when compared to the baseline scenarios. While average annual lake elevations under 
these alternatives are typically less than 1-inch below the baseline scenario, the alternatives do 
appear to increase the percentage of time the reservoirs spend below their full pond and/or 
target elevations. Based on the modeling results, it appears that withdrawals from APGI 
operated lakes as proposed in Alternatives 2A and 2B have a greater negative effect on overall 
basin lake levels than do the proposed withdrawals of Alternatives 1, 3, 4, 5 and 11. 

In addition to the PMS metric evaluation, the elevation and storage exceedance curves and 
comparisons for each reservoir under the various IBT alternatives, as depicted in Appendix E, 
CD-2, generally reflect only negligible to minor differences between any of the alternatives when 
compared to baseline conditions over the POR or during the Drought 1 and Drought 2 periods. 
The greatest differences reflected by these charts confirm the conclusion that Alternatives 2A 
and 2B have a greater negative (moderate) impact on lake elevations and system-wide water 
storage, than the other proposed IBT alternatives from the Yadkin River Basin. 

Water Withdrawal 
Of important consideration to owners of water supply intakes in the Yadkin River Basin lake 
system is the effect of water withdrawals on lake elevations related to operability of these 
intakes. In times of reduced system inflow (i.e. droughts), water supply intakes may be 
vulnerable to inoperability (not being able to take in water from the source) or reduced 
operability because of falling lake levels. Additional water withdrawals within the lake system 
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increase outflows from the system and can subsequently exacerbate the effect of low lake 
levels on intake operability. 

Given this consideration, the effect of each Union County surface water supply alternative from 
the Yadkin River Basin was evaluated in CHEOPSTM for their effect on lake elevations, relative 
to the critical intake elevations in each reservoir. The critical intake is defined as the highest 
intake in each reservoir, which represents the first intake that could be exposed due to falling 
lake levels during times of low inflow. This evaluation was completed to determine if any of the 
IBT alternatives negatively affected lake levels such that other water supply intakes were 
jeopardized. 

Results from the applicable PMS for the model analysis are summarized in the following tables, 
by reservoir, alternative and baseline scenario comparison (BLY-2012 or BLY-2050). Potential 
negative impacts, as compared to the “baseline” scenarios, are denoted by “-” (Negligible 
Impact, with no detectable modeled impact, as compared to baseline), “MI” (Minor Impact, 
typically resulting in negative impact of >0% and <5%, as compared to baseline), “MO” 
(Moderate Impact, typically resulting in negative impact of 5% to <15%, as compared to 
baseline), and “MA” (Major Impact, typically resulting in negative impact of 15% or greater. For 
detailed results of the PMS, see Appendix E, CD-2. 

As shown in the summary tables, there impacts to water supply intakes due to restricted intake 
operation are observed to be negligible for any of the proposed Yadkin River Basin IBT 
alternatives (1, 2A, 2B, 3, 4, 5 or 11), as compared to the baseline scenarios for both current 
and future projected basin-wide water use. Furthermore, under no scenario were there any days 
in which modeled lake elevations were low enough to restrict water supply intake operation on 
any reservoir. Additionally, minimum modeled lake elevations remain well above all existing lake 
intakes. As such, impacts were determined to be negligible (“-“), based on this metric. 

Table 5-17 Period of Record (1955 to 2013) Water Withdrawal (Intake) Impacts, Based on Number of Days of 
Restricted Operation at Lake Located Intakes 

Reservoir Comparison to BLY-2012 Current 
(2012) Basin-Wide Water Use With 

Union County 2050 IBT 

Comparison to BLY-2050 Future 
(2050) Basin-Wide Water Use With 

Union County 2050 IBT 
Alternative Alternative 

1 2A 2B 3 4 5 11 1 2A 2B 3 4 5 11 
W. Kerr Scott - - - - - - - - - - - - - - 
High Rock - - - - - - - - - - - - - - 
Tuckertown - - - - - - - - - - - - - - 
Narrows (Badin) - - - - - - - - - - - - - - 
Falls - - - - - - - - - - - - - - 
Tillery - - - - - - - - - - - - - - 
Blewett Falls - - - - - - - - - - - - - - 
“-” = Negligible Impact“(no detectable impact); MI” = Minor Impact (>0% to <5%); “MO” = Moderate Impact (5% to 
<15%); “MA” = Major Impact (≥15%) 
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Table 5-18 Drought 1 (1999 to 2003) Water Withdrawal (Intake) Impacts, Based on Number of Days of 
Restricted Operation at Lake Located Intakes 

Reservoir Comparison to BLY-2012 Current 
(2012) Basin-Wide Water Use With 

Union County 2050 IBT 

Comparison to BLY-2050 Future 
(2050) Basin-Wide Water Use With 

Union County 2050 IBT 
Alternative Alternative 

1 2A 2B 3 4 5 11 1 2A 2B 3 4 5 11 
W. Kerr Scott - - - - - - - - - - - - - - 
High Rock - - - - - - - - - - - - - - 
Tuckertown - - - - - - - - - - - - - - 
Narrows (Badin) - - - - - - - - - - - - - - 
Falls - - - - - - - - - - - - - - 
Tillery - - - - - - - - - - - - - - 
Blewett Falls - - - - - - - - - - - - - - 
“-” = Negligible Impact“(no detectable impact); MI” = Minor Impact (>0% to <5%); “MO” = Moderate Impact (5% to 
<15%); “MA” = Major Impact (≥15%) 
 
Table 5-19 Drought 2 (2006 to 2009) Water Withdrawal (Intake) Impacts, Based on Number of Days of 
Restricted Operation at Lake Located Intakes 

Reservoir Comparison to BLY-2012 Current 
(2012) Basin-Wide Water Use With 

Union County 2050 IBT 

Comparison to BLY-2050 Future 
(2050) Basin-Wide Water Use With 

Union County 2050 IBT 
Alternative Alternative 

1 2A 2B 3 4 5 11 1 2A 2B 3 4 5 11 
W. Kerr Scott - - - - - - - - - - - - - - 
High Rock - - - - - - - - - - - - - - 
Tuckertown - - - - - - - - - - - - - - 
Narrows (Badin) - - - - - - - - - - - - - - 
Falls - - - - - - - - - - - - - - 
Tillery - - - - - - - - - - - - - - 
Blewett Falls - - - - - - - - - - - - - - 
“-” = Negligible Impact“(no detectable impact); MI” = Minor Impact (>0% to <5%); “MO” = Moderate Impact (5% to 
<15%); “MA” = Major Impact (≥15%) 
 

Reservoir Discharge 
For ecological considerations and certain recreational interests in the Yadkin River Basin the 
effect of water withdrawals on reservoir discharges (downstream releases) from these lakes is 
of importance. In times of reduced system inflow (i.e. droughts), the ecological health or 
recreational uses (e.g. kayaking or canoeing) of the waterway can be negatively affected. 
During normal periods (i.e. normal inflow), both the APGI and Duke Energy Progress 
hydroelectric projects are required to make certain downstream releases from the reservoirs 
under the operating agreements between the two entities and as required under their respective 
FERC licenses. During periods of reduced inflow to the system, the LIP specifies reductions to 
these release requirements, based on particular drought stages, while seeking to provide 
discharges at a level sufficient to maintain the ecological health of the waterway. However, 
additional water withdrawals within the lake system increase outflows from the system and may 
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subsequently result in reservoir discharges lower than those required under the FERC licenses 
for the operation of the lake system. 

Given this consideration, the effect of each Union County surface water supply alternative from 
the Yadkin River Basin was evaluated in CHEOPSTM for their effect on discharges, relative to 
the required downstream releases from these reservoirs. This evaluation was completed to 
determine if any of the IBT alternatives negatively affected downstream releases such that the 
waterway’s ecological health and certain recreational interests would be jeopardized, as 
compared to the baseline conditions within the Yadkin River Basin without the proposed IBT. 

Results from the applicable PMS for the model analysis are summarized in the following tables, 
by reservoir, alternative and baseline scenario comparison (BLY-2012 or BLY-2050). Potential 
negative impacts, as compared to the “baseline” scenarios, are denoted by “-” (Negligible 
Impact, with no detectable modeled impact, as compared to baseline), “MI” (Minor Impact, 
typically resulting in negative impact of >0% and <5%, as compared to baseline), “MO” 
(Moderate Impact, typically resulting in negative impact of 5% to <15%, as compared to 
baseline), and “MA” (Major Impact, typically resulting in negative impact of 15% or greater. For 
detailed results of the PMS, see Appendix E, CD-2.   

It is noted that for W. Kerr Scott, Tuckertown and Narrows Reservoirs, there are no specified 
release values considered in the PMS sheets. Only High Rock Lake, Falls Reservoir, Lake 
Tillery and Blewett Falls Lake have downstream release metrics outlined in the operating 
agreements and FERC license documents. Typically, the impacts noted in the following tables 
result from the CHEOPSTM model spending several more days (as compared to the baseline 
scenario) in a more severe drought stage under a particular alternative. This subsequently 
results in several more days below the “normal” or highest specified minimum discharge 
requirement while the model adheres to the reduced discharge requirements during LIP stages. 

Table 5-20 Period of Record (1955 to 2013) Reservoir Discharge (Downstream Release) Impacts, Based on 
Number of Days Below Specified Release Values 

Reservoir Comparison to BLY-2012 Current 
(2012) Basin-Wide Water Use With 

Union County 2050 IBT 

Comparison to BLY-2050 Future 
(2050) Basin-Wide Water Use With 

Union County 2050 IBT 
Alternative Alternative 

1 2A 2B 3 4 5 11 1 2A 2B 3 4 5 11 
W. Kerr Scott NA NA 
High Rock - - - - - - - - MI MI - - - - 
Tuckertown NA NA 
Narrows (Badin) NA NA 
Falls - MI MI - - - - - MO MI - - - - 
Tillery MI MI MI MI MI MI MI MI MI MI MI MI MI MI 
Blewett Falls MI MI MI MI MI MI MI MI MI MI MI MI MI MI 
“-” = Negligible Impact“(no detectable impact); MI” = Minor Impact (>0% to <5%); “MO” = Moderate Impact (5% to 
<15%); “MA” = Major Impact (≥15%) 
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Table 5-21 Drought 1 (1999 to 2003) Reservoir Discharge (Downstream Release) Impacts, Based on Number 
of Days Below Specified Release Values 

Reservoir Comparison to BLY-2012 Current 
(2012) Basin-Wide Water Use With 

Union County 2050 IBT 

Comparison to BLY-2050 Future 
(2050) Basin-Wide Water Use With 

Union County 2050 IBT 
Alternative Alternative 

1 2A 2B 3 4 5 11 1 2A 2B 3 4 5 11 
W. Kerr Scott NA NA 
High Rock - - - - - - - - MI MI - - - - 
Tuckertown NA NA 
Narrows (Badin) NA NA 
Falls - MI MI - - - - - MI MI - - - - 
Tillery MI MI MI - - - MI MI MI MI - - - MI 
Blewett Falls - MI MI MI MI MI MI MI MI MI MI MI MI MI 
“-” = Negligible Impact“(no detectable impact); MI” = Minor Impact (>0% to <5%); “MO” = Moderate Impact (5% to 
<15%); “MA” = Major Impact (≥15%) 
 

Table 5-22 Drought 2 (2006 to 2009) Reservoir Discharge (Downstream Release) Impacts, Based on Number 
of Days Below Specified Release Values 

Reservoir Comparison to BLY-2012 Current 
(2012) Basin-Wide Water Use With 

Union County 2050 IBT 

Comparison to BLY-2050 Future 
(2050) Basin-Wide Water Use With 

Union County 2050 IBT 
Alternative Alternative 

1 2A 2B 3 4 5 11 1 2A 2B 3 4 5 11 
W. Kerr Scott NA NA 
High Rock - MI MI - - - - - - - - - - - 
Tuckertown NA NA 
Narrows (Badin) NA NA 
Falls - MO MO - - - - - MO MO - - - - 
Tillery MI MI MI MI MI MI MI MI MI MI MI MI MI MI 
Blewett Falls - MI MI MI MI MI MI MI - MI MI MI MI MI 
“-” = Negligible Impact“(no detectable impact); MI” = Minor Impact (>0% to <5%); “MO” = Moderate Impact (5% to 
<15%); “MA” = Major Impact (≥15%) 
 
High Rock Lake 

Impacts to downstream releases were observed to be negligible in High Rock Lake as the result 
of Union County’s proposed IBT under Alternatives 1, 2A, 2B, 3, 4, 5 or 11, based on current 
basin water demands for the POR and Drought 1. However, under current basin water demands 
for the Drought 2 period, there was a minor impact on downstream releases as more days were 
spent below the normal February to Mid-May 2,000 cfs daily average release under Alternatives 
2A and 2B, resulting in a 1% impact as compared to the baseline. Impacts under any of the 
other alternatives are observed to be negligible.  

With basin-wide future projected 2050 water demands including the 2050 demands of the Union 
County IBT, minor impacts to downstream releases were noted under Alternatives 2A and 2B 
for the POR and Drought 1 analysis. These impacts on downstream releases occurred as 
several more days were spent below the normal February to Mid-May 2,000 cfs daily average 
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release metric, resulting in less than a 1% impact as compared to the baseline. Impacts are 
negligible for these two alternatives during the Drought 2 period. Additionally, under Year 2050 
basin-wide water demand projections there were impacts to High Rock Lake discharges were 
observed to be negligible for any of the other alternatives (1, 3, 4, 5 and 11) during the POR, 
Drought 1 or Drought 2 analysis periods. 

In general, there are minor reservoir discharge impacts to High Rock Lake under Alternatives 
2A and 2B with a proposed Union County IBT withdrawal from Narrows Reservoir and 
Tuckertown Reservoir, respectively. Impacts to High Rock Lake under other proposed 
alternatives are considered to be negligible. 

Falls Reservoir 

Under current basin water demands minor impacts on downstream releases from Falls 
Reservoir were observed for Alternatives 2A and 2B during the POR and Drought 1 periods, as 
more days were spent below the normal February through May daily average flow metrics, 
resulting in a 1 to 3% impact as compared to the baseline. However, during the Drought 2 
period, Alternatives 2A and 2B resulted in a moderate impact to the flow release from Falls 
Reservoir, as more days were spent below the May 16th to May 31st 1,500 cfs normal release 
metric, as compared to the baseline. This impact is primarily due to the fact that only 23 days 
are spent below the 1,500 cfs threshold under the baseline conditions, as compared to 26 days 
for Alternatives 2A and 2B. While representing an impact of only three additional days, it results 
in a statistical difference of 13%. Under any of the other IBT alternatives (1, 3, 4, 5 and 11) 
impacts were observed to be negligible with current basin-wide water demands. 

With basin-wide future projected 2050 water demands including the 2050 demands of the Union 
County IBT, minor impacts to downstream releases were noted under Alternatives 2A and 2B 
are similar to those previously noted for the current basin-wide demands. However, during the 
Period of Record, the impacts from Alternative 2A are moderate as the time spent below the 
May 16th to May 31st 1,500 cfs normal release metric is a little more than 5% greater than the 
baseline condition. Under Year 2050 basin-wide water demand projections impacts to Falls 
Reservoir discharges were observed to be negligible for any of the other alternatives (1, 3, 4, 5 
and 11) during the POR, Drought 1 or Drought 2 analysis periods. 

In general, there are only minor impacts to downstream releases from Falls Reservoir under 
Alternatives 2A and 2B with a proposed Union County IBT withdrawal from Narrows Reservoir 
and Tuckertown Reservoir, respectively. Impacts to releases from this reservoir under other 
proposed alternatives are considered to be negligible. 

Lake Tillery 

Under current basin water demands, minor impacts on downstream releases from Lake Tillery 
were observed for all Yadkin River Basin IBT Alternatives (1, 2A, 2B, 3, 4, 5 and 11) during the 
POR and Drought 2 periods, as more days were spent below the spring spawning and 
continuous minimum flow release targets, resulting in a 1 to 2% impact, compared to the 
baseline. During the Drought 1 period, Alternatives 1, 2A and 2B and 11 resulted in similar 
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impacts, but Alternatives 3, 4 and 5 resulted negligible impacts. With basin-wide water future 
projected 2050 water demands and the 2050 demands of the Union County IBT, impacts to 
downstream releases for all alternatives were similar to those previously noted for the current 
basin-wide demands.   

In general, while all alternatives are shown to impact discharges from Lake Tillery by increasing 
the times which certain release targets are not met, these impacts are found to be minor (only 1 
to 2%) with a proposed Union County IBT withdrawal from the Yadkin River Basin. Even 
withdrawals from the Rocky River would have a minor impact to Lake Tillery releases due to 
reduced inflow (from the Rocky River) to the Yadkin-Pee Dee Hydroelectric Project reservoirs.  

In the CHEOPS model and in actual operation, any required operating parameter for Blewett 
Falls will be supported by Tillery since they are the same FERC licensee.  An example is when 
the total Blewett Falls outflows (continuous flow requirement, withdrawals and losses due to 
evaporation and leakage) cannot be met on any given day from the sum of Blewett Falls usable 
storage and inflows, Tillery will be scheduled to release sufficient flow to allow Blewett Falls to 
make the required release without having to violate its minimum elevation rule.  Thus, when 
inflows to Blewett Falls are reduced due to withdrawals from the Rocky River, Tillery may need 
to release additional flows during low flow periods to ensure Blewett Falls’ outflows are met. 

Furthermore, impacts to Lake Tillery releases due to upstream water withdrawal alternatives 
(Alternative 2A and 2B) seem be to slightly greater than any of the other alternatives. 

Blewett Falls Lake 

Similar to the modeled impacts in discharges from Lake Tillery, minor impacts downstream 
releases were observed in Blewett Falls Lake for all Yadkin River Basin IBT Alternatives (1, 2A, 
2B, 3, 4, 5 and 11) during the Period of Record under both current and future projected basin-
wide water demand scenarios, as more days were spent below the normal continuous flow 
targets throughout the year. These alternatives typically result in an impact of less than 1%, 
compared to the baseline scenarios. Additionally, during the Drought 1 and Drought 2 periods, 
impacts from Alternative 1 (proposed withdrawals from Lake Tillery to Blewett Falls discharges 
were observed to be negligible, while all other alternatives result in a minor impact of typically 
less than 1%.   

In general, while all alternatives are shown to impact discharges from Blewett Falls Lake, by 
increasing the times which certain release targets are not met, these impacts are found to be 
minor (<1%) with a proposed Union County IBT withdrawal from the Yadkin River Basin. Even 
withdrawals from the Rocky River would result in a minor impact to Blewett Falls releases due to 
reduced inflow (from the Rocky River) to the Yadkin-Pee Dee Hydroelectric Project reservoirs. 
Furthermore, impacts to Blewett Falls releases under Alternative 1, with a proposed IBT 
withdrawal from Lake Tillery, seem be to slightly less during times of drought than any of the 
other alternatives. 
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Flow Regime below Blewett Falls Lake 

While the CHEOPSTM modeling includes each reservoir in the Basin from W. Kerr Scott 
downstream to Blewett Falls Lake, it does not directly model water quantity below the Blewett 
Falls dam. However, it is important to evaluate the potential impacts of IBT alternatives on the 
flow regime below Blewett Falls Lake, for purposes of this EIS evaluation. Therefore, as part of 
the modeling effort, CHEOPSTM model developers also developed an Excel-based post-
processing routine for the riverine section of the Pee Dee River downstream of Blewett Falls 
Lake to the North Carolina – South Carolina State Line. This post-processing routine evaluates 
the impacts of each alternative to flow in the river at the State Line, taking into consideration 
flow discharge from Blewett Falls Lake, flow accretion in the riverine section, as well as water 
withdrawals and discharges from other water users along this extent of the river. 

From the results of this evaluation, the following flow duration (exceedance) curves were 
developed to compare the IBT alternatives to the baseline conditions for both current (Year 
2012) and future (Year 2050) baseline conditions for the POR under current basin-wide water 
demands (Illustration 5-1), POR under future basin-wide water demands (Illustration 5-2) and 
POR for current vs. future basin-wide water demands without Union County IBT Alternatives 
(Illustration 5-3). 

 
Illustration 5-1 Period of Record Simulated Pee-Dee River Flow for All Months at the NC/SC Line under 
Current (Year 2012) Basin-Wide Water Demands with Union County IBT Alternatives. 
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Illustration 5-2 Period of Record Simulated Pee-Dee River Flow for All Months at the NC/SC Line under Future 
(Year 2050) Basin-Wide Water Demands with Union County IBT Alternatives. 

 
Illustration 5-3 Period of Record Simulated Pee-Dee River Flow for All Months at the NC/SC Line - Current 
(Year 2012) versus Future (Year 2050) Basin-Wide Water Demands (No Union County IBT Alternatives). 
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These duration curves can also be found in Appendix E, CD-2 as part of the modeling output for 
the Yadkin River Basin. Review of these curves indicate that under both current (Year 2012) 
and future (Year 2050) basin-wide water demands (Illustrations 5-1 and 5-2, respectively), 
impacts to the flow regime downstream of Blewett Falls Lake which would occur as the result of 
any of the proposed Union County IBT alternatives are negligible. Of note, however, is a slight 
flow reduction in this portion of river due to basin-wide water demand projections increasing 
from the current demand to future (Year 2050) projected demands as indicated in Illustration 
5-3. This may be attributed to increased future water demands being projected within the 
drainage area from below Blewett Falls Lake to the State Line, and is not the result of any 
proposed Union County IBT alternatives. 

Summary 

Generally, the CHEOPSTM modeling results show negligible impacts on reservoir discharges, 
when compared to the respective baseline scenarios. Only minor increases in time spent below 
respective target release values were observed, typically resulting in minor impacts of 1% to 3% 
on APGI operated reservoirs (for Alternatives 2A and 2B, only) and less than 1% on Duke 
Energy Progress operated reservoirs (for all alternatives). However, the noted impacts tend to 
be greater for Alternatives 2A and 2B within APGI reservoirs during drought periods, while 
Alternative 1 seems to have the least impact on reservoir discharges, through the overall lake 
system, when compared to each of the other Yadkin River Basin IBT alternatives. 

In addition to the PMS metric evaluation, the outflow exceedance curves for each reservoir 
under the various IBT alternatives, as depicted in Appendix E, CD-2, generally reflect only 
negligible to minor differences between any of the alternatives when compared to baseline 
conditions over the POR or during the Drought 1 and Drought 2 periods. Furthermore, 
evaluation of impacts to the flow regime below the Blewett Falls development, as analyzed at 
the North Carolina – South Carolina State Line, indicate the impacts to flow below Blewett Falls 
Lake are negligible under any of the Yadkin River Basin IBT alternatives. 

Water Quantity Management (LIP Occurrence) 
In addition to water quantity metrics related to lake elevations, water supply intake operation 
and reservoir discharges; water quantity management metrics were also evaluated to determine 
if proposed Union County IBT alternatives would impact the occurrence of the Yadkin-Pee Dee 
Low Inflow Protocol (LIP). Metrics evaluated included the percent of time in Normal Conditions 
(non-drought periods with no LIP in effect), number of years attaining particular LIP Stages (0 to 
4) and number of years with more than 60 days in particular LIP Stages. The results of this 
analysis indicate that, based on this metric, impacts to LIP occurrence are negligible for any of 
the Union County IBT alternatives, as compared to the baseline conditions. 

Under current basin-wide water demands, over the POR, the system is in Normal Conditions 
99% of the time for the baseline conditions and all alternatives. Additionally, over the POR, 
there is only a single year in which LIP Stages 0, 1, 2 and 3 are attained, with Stages 0, 1 and 2 
being attained for more than 60 days, under all alternatives. Stage 4 is not attained under any of 
the alternatives or the baseline case. During the Drought 1 Drought of Record period, under the 
baseline case and each alternative, the system is in Normal Conditions 88% of the five year 
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period and in LIP Stages 0 to 3 12% of the period. During the Drought 2 period, under the 
baseline case and each alternative, the system is in Normal Conditions 100% of the period with 
no LIP Stage declared. 

Under projected Year 2050 future basin-wide water demands, over the POR, the system is in 
Normal Conditions 99% of the time for the baseline conditions and all alternatives. Additionally, 
over the POR, there are two years in which LIP Stage 0 is attained and only a single year in 
which Stages 1, 2 and 3 are attained. During this year, only Stages 0, 1 and 2 being attained for 
more than 60 days, under all alternatives. Stage 4 is not attained under any of the alternatives 
or the baseline case. During the Drought 1 Drought of Record period, under the baseline case 
and each alternative, the system is in Normal Conditions 87% of the five year period and in LIP 
Stages 0 to 3 13% of the period (representing a difference of 1% from the current basin-wide 
water demand baseline case identified in the previous paragraph). During the Drought 2 period, 
under the baseline case and each alternative, the system is in Normal Conditions 100% of the 
period with no LIP Stage declared. 

Results from the applicable Performance Measure Sheets (PMS) for the model analysis are 
summarized in the following tables, by reservoir, alternative and baseline scenario comparison 
(BLY-2012 or BLY-2050). The tables indicate that under current and future projected basin-wide 
water demands, impacts of the Union County IBT alternatives on LIP occurrence are negligible 
(“-“) when compared to the baseline conditions. For detailed results of the PMS, see Appendix 
E, CD-2.   

Table 5-23 Period of Record (1955 to 2013) Water Quantity Management (LIP Occurrence) Impacts, Based on 
% of Time in Normal Conditions, Number of Years in LIP Stages and Number of Years with More than 60 Days 
in LIP Stages 

Reservoir Comparison to BLY-2012 Current 
(2012) Basin-Wide Water Use With 

Union County 2050 IBT 

Comparison to BLY-2050 Future 
(2050) Basin-Wide Water Use With 

Union County 2050 IBT 
Alternative Alternative 

1 2A 2B 3 4 5 11 1 2A 2B 3 4 5 11 
W. Kerr Scott - - - - - - - - - - - - - - 
High Rock - - - - - - - - - - - - - - 
Tuckertown - - - - - - - - - - - - - - 
Narrows (Badin) - - - - - - - - - - - - - - 
Falls - - - - - - - - - - - - - - 
Tillery - - - - - - - - - - - - - - 
Blewett Falls - - - - - - - - - - - - - - 
“-” = Negligible Impact“(no detectable impact); MI” = Minor Impact (>0% to <5%); “MO” = Moderate Impact (5% to 
<15%); “MA” = Major Impact (≥15%) 
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Table 5-24 Drought 1 (1999 to 2003) Water Quantity Management (LIP Occurrence) Impacts, Based on % of 
Time in Normal Conditions, Number of Years in LIP Stages and Number of Years with More than 60 Days in 
LIP Stages 

Reservoir Comparison to BLY-2012 Current 
(2012) Basin-Wide Water Use With 

Union County 2050 IBT 

Comparison to BLY-2050 Future 
(2050) Basin-Wide Water Use With 

Union County 2050 IBT 
Alternative Alternative 

1 2A 2B 3 4 5 11 1 2A 2B 3 4 5 11 
W. Kerr Scott - - - - - - - - - - - - - - 
High Rock - - - - - - - - - - - - - - 
Tuckertown - - - - - - - - - - - - - - 
Narrows (Badin) - - - - - - - - - - - - - - 
Falls - - - - - - - - - - - - - - 
Tillery - - - - - - - - - - - - - - 
Blewett Falls - - - - - - - - - - - - - - 
“-” = Negligible Impact“(no detectable impact); MI” = Minor Impact (>0% to <5%); “MO” = Moderate Impact (5% to 
<15%); “MA” = Major Impact (≥15%) 
 

Table 5-25 Drought 2 (2006 to 2009) Water Quantity Management (LIP Occurrence) Impacts, Based on % of 
Time in Normal Conditions, Number of Years in LIP Stages and Number of Years with More than 60 Days in 
LIP Stages 

Reservoir Comparison to BLY-2012 Current 
(2012) Basin-Wide Water Use With 

Union County 2050 IBT 

Comparison to BLY-2050 Future 
(2050) Basin-Wide Water Use With 

Union County 2050 IBT 
Alternative Alternative 

1 2A 2B 3 4 5 11 1 2A 2B 3 4 5 11 
W. Kerr Scott - - - - - - - - - - - - - - 
High Rock - - - - - - - - - - - - - - 
Tuckertown - - - - - - - - - - - - - - 
Narrows (Badin) - - - - - - - - - - - - - - 
Falls - - - - - - - - - - - - - - 
Tillery - - - - - - - - - - - - - - 
Blewett Falls - - - - - - - - - - - - - - 
“-” = Negligible Impact“(no detectable impact); MI” = Minor Impact (>0% to <5%); “MO” = Moderate Impact (5% to 
<15%); “MA” = Major Impact (≥15%) 
 

Hydropower Generation 
Impacts of each proposed Union County IBT alternative from the Yadkin River Basin on 
hydropower generation were also evaluated. Impacts to APGI’s Yadkin Hydroelectric Project, 
consisting of hydroelectric generating stations on High Rock Lake, Tuckertown Reservoir, 
Narrows Reservoir and Falls Reservoir, and Duke Energy Progress’ Yadkin-Pee Dee 
Hydroelectric Project, consisting of hydroelectric generating stations on Lake Tillery and Blewett 
Falls Lake were evaluated through the CHEOPSTM model. Impacts to average hydropower 
megawatts produced per year and the average equivalent number of homes per year that could 
be powered by each hydro project were evaluated. Increases in system water withdrawals can 
reduce the available water storage by which APGI and Duke Energy Progress are able to 
access from the reservoirs they operate, in order to produce hydropower. Such reductions to 

278 
 



Union County Public Works | Environmental Impact Statement 
ENVIRONMENTAL CONSEQUENCES  

 

hydropower production would result in slight increases in fossil-based power generation to 
continue meeting energy demands. As such, this is an important metric to evaluate in the 
comparison of IBT alternatives for Union County. 

Results from the applicable Performance Measure Sheets (PMS) for the model analysis are 
summarized in the following tables, by hydroelectric project, alternative and baseline scenario 
comparison (BLY-2012 or BLY-2050). Potential negative impacts, as compared to the “baseline” 
scenarios, are denoted by “-” (Negligible Impact, with no detectable modeled impact, as 
compared to baseline), “MI” (Minor Impact, typically resulting in negative impact of >0% and 
<5%, as compared to baseline), “MO” (Moderate Impact, typically resulting in negative impact of 
5% to <15%, as compared to baseline), and “MA” (Major Impact, typically resulting in negative 
impact of 15% or greater. For detailed results of the PMS, see Appendix E, CD-2.   

Table 5-26 Period of Record (1955 to 2013) Hydropower Generation Impacts, Based on Average Annual 
Hydropower Production and Equivalent Number of Homes Powered by the Hydro Projects 

Hydroelectric 
Project 

Comparison to BLY-2012 Current 
(2012) Basin-Wide Water Use With 

Union County 2050 IBT 

Comparison to BLY-2050 Future 
(2050) Basin-Wide Water Use With 

Union County 2050 IBT 
Alternative Alternative 

1 2A 2B 3 4 5 11 1 2A 2B 3 4 5 11 

Yadkin (APGI) - MI MI - - - - - MI MI - - - - 

Yadkin-Pee Dee 
(Duke Energy 
Progress) 

MI MI MI MI MI MI MI MI MI MI MI MI MI MI 

“-” = Negligible Impact“(no detectable impact); MI” = Minor Impact (>0% to <5%); “MO” = Moderate Impact (5% to 
<15%); “MA” = Major Impact (≥15%) 
 

Table 5-27 Drought 1 (1999 to 2003) Hydropower Generation Impacts, Based on Average Annual Hydropower 
Production and Equivalent Number of Homes Powered by the Hydro Projects 

Hydroelectric 
Project 

Comparison to BLY-2012 Current 
(2012) Basin-Wide Water Use With 

Union County 2050 IBT 

Comparison to BLY-2050 Future 
(2050) Basin-Wide Water Use With 

Union County 2050 IBT 
Alternative Alternative 

1 2A 2B 3 4 5 11 1 2A 2B 3 4 5 11 

Yadkin (APGI) - MI MI - - - - - MI MI - - - - 

Yadkin-Pee Dee 
(Duke Energy 
Progress) 

MI MI MI MI MI MI MI MI MI MI MI MI MI MI 

“-” = Negligible Impact“(no detectable impact); MI” = Minor Impact (>0% to <5%); “MO” = Moderate Impact (5% to 
<15%); “MA” = Major Impact (≥15%) 
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Table 5-28 Drought 2 (2006 to 2009) Hydropower Generation Impacts, Based on Average Annual Hydropower 
Production and Equivalent Number of Homes Powered by the Hydro Projects 

Hydroelectric 
Project 

Comparison to BLY-2012 Current 
(2012) Basin-Wide Water Use With 

Union County 2050 IBT 

Comparison to BLY-2050 Future 
(2050) Basin-Wide Water Use With 

Union County 2050 IBT 
Alternative Alternative 

1 2A 2B 3 4 5 11 1 2A 2B 3 4 5 11 

Yadkin (APGI) - MI MI - - - - - MI MI - - - - 

Yadkin-Pee Dee 
(Duke Energy 
Progress) 

MI MI MI MI MI MI MI MI MI MI MI MI MI MI 

“-” = Negligible Impact“(no detectable impact); MI” = Minor Impact (>0% to <5%); “MO” = Moderate Impact (5% to 
<15%); “MA” = Major Impact (≥15%) 
 

APGI Yadkin Hydroelectric Project 
Under both current and projected future basin-wide water demands, minor impacts on 
hydropower generation in APGI’s Yadkin Hydroelectric Project were noted in the model 
analysis, under Alternatives 2A and 2B for a proposed Union County IBT withdrawal from 
Narrows Reservoir and Tuckertown Reservoir, respectively. These alternatives typically resulted 
in decreased hydropower generation, as compared to baseline conditions, by approximately 
0.5% under both the current and future basin-wide water demands for the Period of Record and 
approximately 1% during Drought 1 and Drought 2 periods. For all other alternatives (1, 3, 4, 5 
and 11), where proposed Union County IBT withdrawals would be downstream of APGI’s 
Yadkin Hydroelectric Project, impacts were negligible for  APGI’s hydropower generation, as 
compared to the baseline conditions. 

Duke Energy Progress Yadkin-Pee Dee Hydroelectric Project 
Under both current and projected future basin-wide water demands, minor impacts on 
hydropower generation in Duke Energy Progress’s Yadkin-Pee Dee Hydroelectric Project were 
noted in the model analysis, under each alternative for a proposed Union County IBT withdrawal 
from the Yadkin River Basin. These alternatives typically resulted in decreased hydropower 
generation for the Yadkin-Pee Dee Hydroelectric Project, as compared to baseline conditions, 
by approximately 0.5% under both the current and future basin-wide water demands for the 
Period of Record and less than 1% during Drought 1 and Drought 2 periods. Both the proposed 
withdrawal alternatives from the APGI operated reservoirs (Alternatives 2A and 2B) and 
proposed withdrawal alternatives from Duke Energy Progress operated reservoirs, or tributaries 
thereto, result in a minor decrease in hydropower generation capacity for the Yadkin-Pee Dee 
Hydroelectric Project due to decreased inflow from APGI reservoirs (Alternatives 2A and 2B) 
and tributaries to Lake Tillery and Blewett Falls Lake (Alternatives 4 and 5) or increased outflow 
from the Duke Energy Progress lakes (Alternatives 1, 3 and 11). 

It should be noted that, when comparing the baseline cases for 2050 projected future basin-
wide water demands to current basin-wide water demands, the increase in water demands 
throughout the basin, not considering Union County’s proposed IBT is modeled to impact 
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hydropower generation in the AGPI project approximately 1% during the POR and drought 
periods (i.e. Drought 1 and 2). However, impacts to Duke Energy Progress’ Project are slightly 
higher due to projected future basin-wide water demands with an impact to generation of 
approximately 2% during the POR and 3% during drought periods. These impacts are 
independent of, and not resulting from, any proposed Union County IBT alternative. Rather, they 
are the inherent result of increased water withdrawals projected throughout the Yadkin River 
Basin in the future, including withdrawals for thermal power generation, public water supply, 
industrial use and agriculture and irrigation uses. 

In addition to the PMS metric evaluation, the generation detail histograms and data 
comparisons for each hydropower producing reservoir under the various IBT alternatives, as 
depicted in Appendix E, CD-2, generally reflect only minor differences between any of the 
alternatives when compared to baseline conditions over the POR or during the Drought 1 and 
Drought 2 periods. 

5.12.2.7. DIRECT IMPACTS - YADKIN RIVER BASIN WATER QUALITY 
The North Carolina Division of Water Resources (DWR) classifies surface water bodies, such as 
streams, rivers, and lakes, to designate uses to be protected within these waters. These 
designations carry specific water quality standards which are used to manage all stream, rivers, 
and lakes in North Carolina. There are four classes of waters [C, B, WS-IV (with a CA), and WS-
V)] affected by Alternatives 1, 2A, 2B, 3, 4, 5, and 11. Class C waters are protected for uses 
such as secondary recreation, fishing, wildlife, fish consumption, aquatic life including 
propagation, survival and maintenance of biological integrity, and agriculture. Class B waters 
are designated with the same Class C protections in addition to primary recreation. The 
designation of WS-IV is classified as waters used as sources of water supply for drinking, 
culinary, or food processing purposes where a WS-I, II or III classification is not feasible. WS-IV 
waters are generally in moderately to highly developed watersheds. WS-V watersheds are 
protected as water supplies which are generally upstream and draining to Class WS-IV waters 
or waters used by industry to supply their employees with drinking water or waters formerly 
used for public water supply. Table 5-29 depicts water classification for reservoir and rivers that 
would be utilized in Alternatives 1, 2A, 2B, 3, 4, 5, and 11. 

Table 5-29 North Carolina Surface Water Classifications 

Waterbody Surface Water Classification Alternative 
Lake Tillery WS-IV, B, CA Alternative 1 and 11 
Narrows Reservoir WS-IV, B, CA Alternative 2A 
Narrows Reservoir WS-IV, B, CA Alternative 2B 
Blewett Falls Lake WS-IV, B, CA Alternative 3 
Yadkin-Pee Dee River WS-V, B Alternative 4 1 
Rocky River C Alternative 5 1 
1 Alternative will require reclassification of the waterbody to allow for public water supply use. 

The water quality regulations for each WS-IV classified waterbody include either a Critical Area 
or Protected Area. A Critical Area (CA) is an area adjacent to a water supply intake or reservoir 
where risk associated with pollution is greater than from the remaining portions of the 
watershed. A Protected Area is the area adjoining and upstream of the Critical Area in WS-IV 
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water supply in which protection measures are required. Table 5-30 summarizes selected water 
quality criteria that are applicable to Class C, B, and WS waters in North Carolina.  

Table 5-30 Selected North Carolina Water Quality Criteria (NCDENR, Division of Water Resources, 2007) 

Parameter Class C, B, and WS 
Temperature  not to exceed 2.8 degrees C (5.04 degrees F) above the natural 

water temperature, and in no case to exceed 32 degrees C (89.6 
degrees F)in lower piedmont waters  

Turbidity  receiving water, not designated as trout waters, shall not exceed 
50 Nephelometric Turbidity Units (NTU) 
for lakes, and reservoirs not designated as trout waters, the 
turbidity shall not exceed 25 NTU 

Dissolved Oxygen not less than a daily average of 5.0 mg/l with a minimum 
instantaneous value of not less than 4.0 mg/l is applicable in non-
trout waters  

pH  shall be normal for the waters in the area, which generally shall 
range between 6.0 and 9.0 

 

No-Action Alternative 
Under the no action alternative, Union County would not be able to meet the water supply needs 
of its current and future residents, and on behalf of the wholesale communities served by the 
County. This alternative is deficient because Union County’s current grandfathered IBT from the 
Catawba River Basin and the Anson County water supply are not capable of meeting the 
projected future demand within the Rocky River IBT Basin.  

As discussed in Section 2, water needs in Union County’s Yadkin River Basin Service Area are 
projected to continue increasing from their current levels through the Year 2050. The no-action 
alternative is not a viable option to meet Union County’s water needs. Therefore, Union County 
must secure a reliable water supply from other sources to meet its future demand in this service 
area. 

Direct Impacts – Yadkin River Basin Alternatives 
The direct impacts of Alternatives 1, 2A, 2B, 3, 4, 5, and 11 have been evaluated for their 
impacts to reservoir and river spatial withdrawals in the water column and water quality (DO and 
temperature). Generally, the results for all alternatives represent negligible impacts to current 
and future water quality of the Yadkin River Basin due to the proposed Union County IBT.  

Water Intake Withdrawal Depth 
Withdrawing water from a reservoir differs than directly withdrawing water from a river. Water 
accumulated in reservoirs has physical and chemical qualities which are significantly different 
from water flowing in the river. Lakes can have an important impact on water quality. The 
development of a reservoir causes the stagnation of water which leads to a natural settling of 
suspended materials which determinate a good transparency of the water and less sensitivity to 
weather conditions. However, this stagnation of water leads to thermal and chemical 
stratification which excludes the circulation throughout the water column. 
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Reservoirs, more so than rivers, become thermally stratified and develop different layers. 
Illustration 5-4 shows a cross-section of a typical thermal stratified reservoir. The epilimnion has 
typically warmer water temperatures than the hypolimnion. The epilimnion is generally mixed as 
a result of surface winds and this layer receives the most sunlight and contains the most 
phytoplankton. As phytoplankton grow and reproduce, they absorb nutrients from the water and 
when the phytoplankton die, they sink into the hypolimnion thereby depleting the epilimnion of 
nutrients. The hypolimnion becomes oxygen depleted before the rest of the water column as a 
result of dead algal cells sinking and consuming available oxygen as they decompose.  

Intake location ultimately affects the spatial and temporal distribution of water which is 
withdrawn from the waterbody source. The choice of epilimnetic versus hypolimnetic withdrawal 
can strongly affect reservoir water quality throughout the year. For example, an epilimnetic 
withdrawal tends to increase the stability of stratification, resulting in less transfer of DO from 
the epilimnion to the hypolimnion. Whereas, hypolimnetic withdrawal tends to warm the 
hypolimnion and transport DO into the hypolimnion. However, the warmer hypolimnetic water 
has lower DO saturation levels and increases respiration rates that deplete oxygen (Dortch, 
1998). To ensure minor to no impacts on water quality from intake siting, it is recommended that 
water be withdrawn from multiple sections of the water column to ensure water quality is not 
negatively impacted.   

Union County proposes to site intake structures at three levels in the water column to withdraw 
water from the reservoir or river. Actual intake arrangements often vary by water utility, taking 
into consideration water quality and availability, site characteristics and constraints, as well as 
redundancy and contingency measures. Illustration 5-5 depicts a conceptual fixed intake layout, 
including three passive intake screens and two raw water intake lines. The intention of having 
multiple intakes at different elevations is to provide operational flexibility to respond to lake 
water quality issues that can vary throughout the year due to lake turnover, algae blooms, and 
naturally occurring weather events. Thermal stratification varies substantially, and it is strong in 
the two deepest reservoirs (Narrows and Tillery), generally weak in three reservoirs (High Rock, 
Tuckertown, and Blewett Falls), and negligible in Falls Reservoir. 

 
Illustration 5-4 Cross-section of a Thermal Stratified Reservoir (Ecology, 2012). 
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Illustration 5-5 Conceptual Fixed Intakes 

Tuckertown Reservoir 

According to the Yadkin River Basin Basinwide Assessment Report, symptoms of 
eutrophication, or high productivity (i.e., elevated pH values; chlorophyll a, an indicator of algal 
growth; nutrient concentrations; and algal blooms, which can result in depleted DO levels), have 
been documented in Tuckertown Reservoir since 1981 (NCDENR Division of Water Quality, 
2002). Generally, Tuckertown Reservoir exhibits consistent surface water temperatures. 
Tuckertown Reservoir experiences weak thermal stratification which occurs from July to 
September.  

Because of the relatively shallow depths, short retention time, and weak thermal stratification, 
Tuckertown Reservoir is mixed thermally throughout much of its length. This, in turn, leads 
Tuckertown Reservoir to exhibit similar water temperatures and DO concentrations throughout 
the water column. Union County proposes three levels from which to withdraw from the lake, 
with the upper two levels most frequently used. The lower intake would serve as an emergency 
intake during extreme drought or lake surface contamination (i.e. algal bloom, petroleum spill, 
etc.). The lowest level would be below the hydropower operational limit in the reservoir and the 
upper intakes would be at a sufficient depth to avoid being uncovered during drought. 
Therefore, water quality impacts from Alternative 2B would be negligible in Tuckertown 
Reservoir due to the fact water would be withdrawn from multiple intake levels and this reservoir 
experiences fairly similar water quality parameters throughout the entire water column. 
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Narrows Reservoir (Badin Lake) 

Narrows Reservoir differs from Tuckertown Reservoir due to its deeper waters and defined 
water processes (i.e. stratification). Narrows Reservoir displays a strong and persistent 
thermocline near the dam. Thermal stratification begins to develop in May. Typically, by mid-
summer, a well-developed epilimnion exists. Reservoir turnover occurs in late summer or early 
fall. 

This defined pattern of stratification can cause impacts to water quality. Siting water intake 
structures in a lake that experiences stratification is even more important. To withdraw water 
from one section of the water column (epilimnion or hypolimnion) could cause an adverse 
impact to water quality. For instance, if water is withdrawn only from the epilimnion, reservoir 
waters could experience an increase in stratification causing less transfer of DO from the 
epilimnion to the hypolimnion. In addition, waters downstream of the reservoir could be 
adversely impacted due to water withdrawn from only one section of the water column, causing 
changes in water temperature and/or DO concentrations of discharged waters.  

Union County proposes three levels from which to withdraw from the lake, with the upper two 
levels most frequently used. The lower intake would serve as an emergency intake during 
extreme drought or lake surface contamination (i.e. algal bloom, petroleum spill, etc.). The 
lowest level would be below the hydropower operational limit in the reservoir and the upper 
intakes would be at a sufficient depth to avoid being uncovered during drought. However, with a 
stratified lake, there is a greater probability of withdrawing waters that display certain water 
quality parameters which have different concentrations than other sections of the water column. 
Therefore, Alternative 2A would have the potential to create minor impacts on water quality in 
Narrows Reservoir due to the fact that the majority of water withdrawals would be in the upper 
two-thirds of the water column of a thermally stratified lake. However, such impacts would not 
be readily noticeable to other water users in Narrows Reservoir. 

Lake Tillery 

At the normal maximum operating elevation of 277.3 feet msl, Lake Tillery has an average 
depth of 23.6 feet and a maximum depth of approximately 71 feet at the dam. The average 
retention time for the reservoir is approximately 8.3 days. Lake Tillery is a warm-water, 
moderately productive reservoir, with moderate amounts of nutrients and ions. Generally, 
seasonal lake thermal stratification and DO deficits in the hypolimnion occur from May through 
October, depending upon annual climatic factors, river basin inflow, and power generation 
levels. As summer progresses, the thermocline shifts from 2-3 meters from the surface in May 
to 5-6 meters from the surface in June and July and then shifted upwards again in August to 2-3 
meters from the surface. 

This defined pattern of stratification can cause impacts to water quality. Siting water intake 
structures in a lake that experiences stratification is even more important. Withdrawing water 
from one section of the water column (epilimnion or hypolimnion) could cause an adverse 
impact to water quality. For instance, if water is withdrawn only from the epilimnion, reservoir 
waters could experience an increase in stratification causing less transfer of DO from the 
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epilimnion to the hypolimnion. In addition, waters downstream of the reservoir could be 
adversely impacted due to water withdrawn from only one section of the water column, causing 
changes in water temperature and/or DO concentrations of discharged waters. There is 
potential for a single withdrawal point (single level intake) to result in violations of state water 
quality standards. However, withdrawing water from multiple sections (multi-level intake) of the 
water column based on seasonal adjustments to thermocline conditions reduces this potential 
for violations of state water quality standards.   

Union County proposes three levels from which to withdraw from the lake, with the upper two 
levels most frequently used. The lower intake would serve as an emergency intake during 
extreme drought or lake surface contamination (i.e. algal bloom, petroleum spill, etc.). The 
lowest level would be below the hydropower operational limit in the reservoir and the upper 
intakes would be at a sufficient depth to avoid being uncovered during drought. However, with a 
stratified lake, there is a greater probability of withdrawing waters that display certain water 
quality parameters which have different concentrations than other sections of the water column. 
Therefore, Alternatives 1 and 11 would have the potential to create minor impacts on water 
quality in Lake Tillery due to the fact that the majority of proposed water withdrawals would be in 
the upper two-thirds of the water column of a thermally stratified lake.  However, such impacts 
would not be readily noticeable to other water users in Lake Tillery. 

Blewett Falls Lake 

The average depth of Blewett Falls Lake is 10.8 feet with a maximum depth of approximately 35 
feet. Blewett Falls Lake is a shallow, eutrophic lake (high biological productivity with turbid 
water). Generally, Blewett Falls Lake is uniform in water quality parameters and stratification is 
weak throughout the year.    

Because of the relatively shallow depths, short retention time, and weak thermal stratification, 
Blewett Fall Lake is mixed thermally throughout much of its length. This, in turn, leads Blewett 
Falls Lake to exhibit similar water temperatures and DO concentrations throughout the water 
column. Union County proposes three levels from which to withdraw from the lake, with the 
upper two levels most frequently used. The lower intake would serve as an emergency intake 
during extreme drought or lake surface contamination (i.e. algal bloom, petroleum spill, etc.). 
The lowest level would be below the hydropower operational limit in the reservoir and the upper 
intakes would be at a sufficient depth to avoid being uncovered during drought. Therefore, water 
quality impacts from Alternative 3 would be negligible in Blewett Falls Lake due to the fact water 
would be withdrawn from multiple intake levels and this reservoir experiences fairly similar water 
quality parameters throughout the entire water column. 

Pee-Dee River   

Natural mixing of riverine water sources is typically sufficient to eliminate the need for intake 
structures at multiple elevations. However, Union County proposes to use multiple intakes for 
intake redundancy and sufficient water yield. Alternative 4 water demands would necessitate 
only a small proportion of the total water within the Pee Dee River be withdrawn at this location. 
Therefore, water quality impacts from Alternative 4 would be negligible in the Pee Dee River 
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due to the fact that water would be withdrawn through multiple intakes ensuring water quality 
remains at its current levels. 

Rocky River 

Natural mixing of riverine water sources is typically sufficient to eliminate the need for intake 
structures at multiple elevations. However, when a river is shallow or does not have significant 
flow, withdrawals in any section of the water column could potentially cause adverse effects to 
water quality. In order to ensure adequate depth in the river at the proposed location, a low 
profile dam may need to be installed to achieve sufficient water yield for Union County’s 
proposed YRWSP. The impounding of water brings changes in water quality. This low profile 
dam could cause this section of the river to exhibit reservoir characteristics instead of the 
current riverine characteristics, resulting in changes to current water quality and quantity. In 
addition, Alternative 5 water demands would necessitate a large portion of the total water within 
the Rocky River be withdrawn at this location. Therefore, Alternative 5 has the potential to 
cause adverse (moderate to potentially major) impacts to water quality and quantity based on 
the topography and flows of Rocky River and the potential need for a low profile dam to operate 
a raw water intake. 

Summary 

No impacts to water quality due to intake depth in the water column are anticipated under 
Alternatives 2b, 3, and 4. Under these alternatives, water quality impacts from the proposed 
water withdrawal options would be negligible because Tuckertown Reservoir, Blewett Falls 
Lake, the Yadkin-Pee Dee River, generally experience fairly similar water quality parameters 
throughout the entire water column. However, the reservoirs (Narrows Reservoir and Lake 
Tillery) that exhibit stratification are more likely to be impacted by water withdrawals from certain 
depths in the water column. Alternatives 1, 2A, and 11 would have the potential to have minor 
impacts on water quality in Lake Tillery and Narrows Reservoir due to the fact that the majority 
of water withdrawals would be in the upper two-thirds of the water column of a thermally 
stratified lake. However, such impacts would not be readily noticeable to other water users in 
Lake Tillery. The Rocky River could experience the greatest adverse (moderate to potentially 
major) impacts on water quality as a result of insufficient depth and flows at the proposed intake 
location. Alternative 5 would potentially require a low profile dam to achieve sufficient water 
yield for Union County’s proposed YRWSP, and this alternative would use a large portion of the 
total water within the Rocky River. Therefore, Alternative 5 has the potential to have major 
impacts on water quality in the Rocky River which could result in violations of state water quality 
standards. 

Dissolved Oxygen and Temperature 
Dissolved Oxygen (DO) is a measure of the amount of gaseous oxygen dissolved in an 
aqueous solution. Oxygen enters into water by diffusion from the surrounding air, by aeration or 
rapid movement, and as a waste product of photosynthesis. There are many factors which 
reduce water’s ability to hold oxygen. The amount of oxygen held depends greatly on the 
temperature of the water. As water temperature increases, DO concentrations in the water 
decreases. Other factors which influence DO concentrations are the levels of other solid, 
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chemical, or gas compounds present in the water. Most deep reservoirs are typically thermally 
stratified as a result of surface heating and wind mixing. Water temperature regulates biotic 
growth rates and life stages and defines fishery habitat (warm-, cool-, or cold-water).   

A monthly water quality survey program was conducted in accordance with the Yadkin-Pee Dee 
River Hydroelectric Project (FERC No. 2206) at the Tillery and Blewett Falls reservoirs during 
2004 to characterize the existing water quality conditions. In addition, a water quality monitoring 
study was conducted in accordance with the Yadkin Hydroelectric Project (FERC No. 2197)  in 
High Rock, Tuckertown, Narrows, and Falls Reservoirs and associated tailwaters from 1999-
2003. Reservoir water quality is determined by several factors including the water quality of 
inflows, hydraulic retention time, reservoir depth, and the level that water is withdrawn from it.  

High Rock Lake 

River flow in the Yadkin River is regulated by seven developments, five of which are located 
downstream of High Rock Lake (Tuckertown Reservoir, Narrows Reservoir, Falls Reservoir, 
Lake Tillery, and Blewett Falls Lake). W.S. Kerr Reservoir is the only major development 
upstream of High Rock Lake. Water released from High Rock Lake provides the majority of the 
inflow to the downstream developments. High Rock Lake is a relatively shallow reservoir that, at 
full pool, extends about 19 river miles upstream to near the confluence of the South Yadkin and 
Yadkin rivers. The lake has an average depth of 17 feet and a maximum depth of 62 feet. 
Upstream land management practices and urbanization have historically added to an already 
heavy sediment load in High Rock Lake. This heavy sediment load reduces the overall storage 
capacity of High Rock Lake. The upper portion of the lake is listed as impaired due to standards 
violations for chlorophyll a, low DO, and turbidity. While the Abbotts Creek Arm is listed as 
impaired due to standards violations for DO and turbidity, the lower portion of the lake is listed 
as impaired for turbidity. Multiple studies were conducted in the 1970s on water quality in High 
Rock Lake, and generally High Rock Lake is classified as highly eutrophic, but because of the 
short residence time, the lake more closely resembles a slow-moving river than a typical lake. 

As discussed in the water quantity evaluation section for Lake Levels - Aesthetics, water 
withdrawals from the proposed alternatives were modeled to determine if reservoir elevation 
fluctuations would occur within High Rock Lake. As a result, Alternatives 1, 3, 4, 5 or 11 would 
not cause reservoir fluctuations. Alternatives 2A and 2B would cause minor impacts during 
drought conditions only. These minor impacts to reservoir elevations would occur only 1-2 
percent of the time. Given the relatively small amount of time reservoir elevations would 
fluctuate, DO concentration and water temperature should remain at current levels a vast 
majority of the time. Therefore, only Alternatives 2A and 2B would have minor impacts to DO 
concentration or water temperature in High Rock Lake during drought conditions. 

Tuckertown Reservoir 

Tuckertown Reservoir has two small tributary arms and receives almost all of its flow from High 
Rock Reservoir. With water quality similar to that found in the lower portion of High Rock 
Reservoir, Tuckertown Reservoir is turbid with a shallow photic zone (NAI, 2005). Generally, 
weak thermal stratification of the water column occurs during the summer months with a few 
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degrees difference between surface and bottom temperatures. Past monitoring has shown DO 
depletion in deeper waters at Tuckertown Reservoir which typically extends from May through 
October or November, but anoxic conditions are usually limited to the summer months. 

As discussed in water quantity evaluation section for Lake Levels - Aesthetics, water 
withdrawals from the proposed alternatives were modeled to determine if reservoir elevation 
fluctuations would occur within Tuckertown Reservoir. As a result, only Alternative 2B would 
cause minor impacts to reservoir elevations under normal conditions. These minor impacts to 
reservoir elevations would occur only 1-2 percent of the time. However, during drought 
conditions Alternative 2A would cause minor impacts whereas Alternative 2B would cause 
moderate impacts to reservoir elevations. Moderate impacts would result in reservoir elevation 
fluctuations at least 5 percent of the time. Therefore, Alternative 2B would have minor impacts 
on DO concentration or water temperature in Tuckertown Reservoir under normal conditions. 
However, during drought conditions Alternative 2A and 2B would cause minor to moderate 
impacts to water quality due to the fact that fluctuations in reservoir elevations would occur. 

Narrows Reservoir (Badin Lake) 

Although Narrows Reservoir receives most of its flow from Tuckertown Reservoir, the Gladys 
Fork Arm is a major tributary to the reservoir. Past monitoring studies found that Narrows 
Reservoir had greater water clarity and lower concentrations of suspended solids, nutrients and 
algal biomass than the two upstream reservoirs, High Rock and Tuckertown Reservoirs, and 
better surface DO concentrations than Falls Reservoir which is downstream (NAI, 2005). 
Although surface waters are less turbid than the upstream reservoirs (High Rock and 
Tuckertown), the photic zone is still relatively shallow. Narrows Reservoir differs from 
Tuckertown Reservoir because of its deeper waters and exhibits stratification with a well 
developed thermocline near the Narrows Reservoir dam.   

As discussed in the water quantity evaluation section for Lake Levels - Aesthetics, water 
withdrawals from the proposed alternatives were modeled to determine if reservoir elevation 
fluctuations would occur within Narrows Reservoir. As a result, only Alternatives 2A and 2B 
would cause minor to moderate impacts on reservoir elevations. In addition, Alternatives 2A and 
2B would cause moderate impacts to reservoir elevations during Drought 1 conditions. These 
moderate impacts to reservoir elevations would occur at least 5 percent of the time. However 
during Drought 2 conditions, Alternative 2A would cause moderate impacts whereas Alternative 
2B would cause minor impacts. Due to decreases in reservoir elevation under Alternative 2A 
and 2B during normal and drought conditions, water temperatures could increase causing DO 
concentrations to decrease. Therefore, Alternative 2A would have moderate impacts on DO 
concentration and water temperature in Narrows Reservoir, whereas 2B would have moderate 
impacts only during Drought 1 conditions and minor impacts during normal and Drought 2 
conditions. Given these impacts on reservoir elevations, DO concentrations and water 
temperatures in Narrows Reservoir could be adversely impacted. 
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Falls Reservoir 

Falls Reservoir is a small (203-acre) run-of-river impoundment. Generally water flows through 
the reservoir relatively quickly which results in the lake experiencing no eutrophication 
problems. There is no seasonal drawdown in the reservoir because of its limited storage 
capacity. Lower nutrient loadings in Falls Reservoir result in mesotrophic, intermediate 
productivity conditions. Due to the short retention time in Falls Reservoir, operations and DO 
conditions at Narrows Reservoir strongly influence DO concentrations in the Falls Reservoir 
tailrace. However, low DO concentrations occur much less frequently, less than 5 percent of the 
time, in the Falls Reservoir tailrace than in the other three upstream impoundment tailraces 
(High Rock Lake, Tuckertown Reservoir, and Narrows Reservoir). 

As discussed in the water quantity evaluation section for Lake Levels - Aesthetics, water 
withdrawals from the proposed alternatives were modeled to determine if reservoir elevation 
fluctuations would occur within Falls Reservoir. As a result, only Alternative 2A would cause 
minor impacts to reservoir elevations under normal conditions. These minor impacts to reservoir 
elevations would occur only 1-2 percent of the time. Under 2050 demands, Alternatives 2A and 
2B would have moderate impacts to DO concentrations and water temperatures as a result of 
reservoir elevation fluctuations. However, during drought conditions only Alternatives 2A and 2B 
would have minor impacts. Given the relatively small amount of time reservoir elevations would 
fluctuate, DO concentration and water temperature should remain at current levels a majority of 
the time. Therefore, only Alternatives 2A and 2B would have minor to moderate impacts on DO 
concentration or water temperature in Falls Reservoir due to the fact that fluctuations in 
reservoir elevations would occur only a small percentage of the time. 

Lake Tillery 

Lake Tillery exhibited a defined seasonal pattern of temperature stratification and DO depletion 
during water quality studies conducted in 20041. The 2004 study revealed the reservoir was 
isothermal with DO concentrations above 5 mg/l during winter, early spring, and fall months 
(January through April and September through December). DO concentrations were stratified in 
the lake during June, July, and August and DO concentrations were less than 5.0 mg/L below 8 
meters. Lake Tillery destratified in September, when DO concentrations ranged from 7.0 to 5.8 
mg/L throughout the water column. The lake remained destratified during October and 
November. Generally, the differential in temperature between surface and bottom waters 
increases in May through August. Lake Tillery experienced very strong top to bottom differences 
in DO during the temperature stratification period with low to anoxic DO concentrations (<1 to 4 
mg/l).  

Lake Tillery has a short hydraulic retention time (average of 8.3 days), coupled with the “filtering 
effect” of the four upstream reservoirs (i.e., High Rock, Lake Tuckertown Reservoir, Narrows 
Reservoir, and Falls Lake), influence the water quality of the reservoir. The filtering effect of the 
upstream reservoirs causes lower turbidity levels in Lake Tillery due to decreased amounts of 

1 See License Application for Yadkin-Pee Dee Hydroelectric Project (FERC No. 2206) filed on April 26, 2006. 
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sediment traveling downstream. In addition, the upstream reservoirs will also impact the trophic 
status and nutrient and solids concentrations in Lake Tillery. A North Carolina Department of 
Environment and Natural Resources, Division of Water Quality (DWQ) assessment of the lake 
in 1999 rated the reservoir as mesotrophic, owing to its relatively short hydraulic retention time, 
water clarity exceeding one meter in depth, and low algal productivity relative to moderate 
amounts of nutrients. Long-term data collected by the DWQ and Progress Energy indicated the 
water quality conditions in the lake have not appreciably changed since the 1980s (NCDENR 
Division of Water Quality, 1998).  

As discussed in the water quantity evaluation section for Lake Levels - Aesthetics, water 
withdrawals from the proposed alternatives were modeled to determine if reservoir elevation 
fluctuations would occur within Lake Tillery. As a result, Alternatives 1, 2A, 2B, 3, 4, 5 or 11 
would not cause apparent reservoir fluctuations on average during the Period of Record. 
Ensuring reservoir elevations don’t fluctuate throughout the year would maintain current water 
quality in Lake Tillery. In addition, no discharge flows would be introduced under Alternatives 1, 
2A, 2B, 3, 4, and 5. Generally, the reservoir’s water quality is influenced by river inflow, power 
plant operations, reservoir depth, precipitation, and any additional water introductions. 
Therefore, impacts from Alternatives 1, 2A, 2B, 3, 4, and 5 on DO concentration or temperature 
in Lake Tillery would be negligible due to the fact that water withdrawals would to not cause 
significant fluctuations in reservoir elevations and no return flows would be introduced into the 
reservoir. However, Alternative 11 could cause minor impacts to water temperature and DO 
concentrations based on the discharge of treated wastewater. 

During Drought 1 conditions, however, Alternatives 1, 2A, 2B, 3, 4, 5, and 11 would cause minor 
impacts to reservoir elevations. These minor impacts to reservoir elevations would occur only 1-
2 percent of the time.   

Blewett Falls Lake 

Blewett Falls Lake does not exhibit the same water column formation as Lake Tillery. Blewett 
Falls Lake has no well-defined epilimnion, thermocline, and hypolimnion layers during 
stratification. The shallow nature of the lake, coupled with river inflows and power plant 
operations, influences the temperature stratification and DO concentrations within the reservoir. 
The lake experiences weak to moderate temperature stratification during the summer months 
which is in contrast Lake Tillery. In addition, Blewett Falls Lake did not have as large a volume 
of anoxic water like Lake Tillery. This seasonal DO depletion is typically confined to the bottom 
2-3 meters of the reservoir. 

For Blewett Falls Lake the 2004 study2  indicated that DO concentrations were uniform vertically 
during April, then stratified and decreased with depth from May through August and became 
destratified and uniform from September through November. Water temperatures in the 
reservoir follow an annual seasonal cycle with minimum temperature ranging from 6º to 8ºC and 
maximum temperatures ranging from 28º to 32ºC.  

2 See License Application for Yadkin-Pee Dee Hydroelectric Project (FERC No. 2206) filed on April 26, 2006. 
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As discussed in the water quantity evaluation section for Lake Levels, Aesthetics, water 
withdrawals from the proposed alternatives were modeled to determine if reservoir elevation 
fluctuations would occur within Blewett Falls Lake. As a result, Alternatives 1, 3, 4, 5, and 11 
would cause minor impacts to reservoir elevations. These minor impacts to reservoir elevations 
would occur only 1-2 percent of the time. Given the relatively small amount of time reservoir 
elevations would fluctuate, DO concentration and water temperature should remain at current 
levels a majority of the time. During Drought 1 conditions, all alternatives (1, 2A, 2B, 3, 4, 5, and 
11) would cause minor impacts to reservoir elevations. However, during Drought 2 conditions 
only Alternatives 1, 3, 4, 5, and 11 would have minor impacts, whereas Alternatives 2A and 2B 
would have negligible impacts. Therefore, Alternatives 1, 3, 4, 5, and 11 would have minor 
impacts on DO concentration or water temperature in Blewett Falls Lake due to the fact that 
fluctuations in reservoir elevations would occur only a small percentage of the time. In addition, 
under certain drought conditions all alternatives would also have a minor impact on DO 
concentrations and water temperatures. 

Pee Dee and Rocky Rivers 

In the Pee Dee River, approximately 4 miles downstream of Lake Tillery, water temperatures 
can reach approximately  36°C in a shallow open run area and then decrease to less than 32°C 
downstream of the Rocky River confluence. DO concentrations between Lake Tillery and 
Blewett Falls Lake are influenced by discharges from the Tillery powerhouse, spills at Tillery 
dam, and inflows from several tributaries. DO concentrations increase with increased distance 
from the powerhouse. These improved DO conditions are largely due to re-aeration, as water 
flows through a series of shoals, and inflow from the Rocky River. Re-aeration continues to 
increase DO concentrations downstream of the Rocky River. However, inflows from several of 
the tributaries to this reach (i.e., Turkey Top, Brown, Cedar, and Savannah creeks) sometimes 
have low DO concentrations, which limit improvement in DO concentrations, particularly during 
low flow periods.  

The Rocky River, which is the main source of accretion flows within the Lake Tillery tailwaters is 
unregulated and has a flashy flow regime partly due to runoff from the urban areas near 
Charlotte. The Rocky River has higher total nitrogen concentrations than the Lake Tillery 
tailrace, which results in higher total nitrogen concentrations downstream of its junction with the 
Pee Dee River, including the Blewett Falls tailrace (FERC, 2008). The Rocky River or its 
tributaries is listed in the North Carolina 303(d) list for copper, turbidity and impaired biological 
integrity (NCDENR, Division of Water Quality, 2004). 

Run-of-river intakes differ from reservoir intakes because they are designed to operate within a 
wide range of river levels. The intakes need to be designed with additional considerations for 
protection of facility from debris and sediment, fish entrainment, operation during flooding or 
drought conditions, etc. Generally, these intakes do not alter river elevation levels unless the 
river is shallow. Water withdrawals from the Pee Dee River (Alternative 4) should not affect river 
levels based on the river’s current topography (i.e. wide width and deep maximum depth). The 
major influence on DO concentrations and water temperature in the Pee Dee River come from 
upstream impoundments and water releases. Under past hydropower operations, the tailwaters 
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of Lake Tillery has DO concentrations that did not meet applicable state water quality criteria 
during late spring to early fall. However, during the licensing process of the Yadkin Hydroelectric 
Project (FERC No. 2197) and Yadkin-Pee Dee Hydroelectric Project (FERC No. 2206) a 
settlement was agreed upon to increase the rate of water moving through the system and lower 
the effects of biochemical oxygen demand on DO to increase DO concentrations in the 
tailwaters through the operation of turbine aeration facilities. This approach is intended to 
enhance DO concentrations in the tailwaters of Lake Tillery to ensure the waters downstream of 
Lake Tillery meet state water quality standards. Therefore, water quality impacts from 
Alternative 4 would be negligible within the Pee Dee River. The only impacts from Alternative 4 
were indirect and minor in Blewett Falls Lake due to slight reservoir elevation fluctuations. 

However, Alternative 5 has the potential to cause moderate to major impacts to water quality 
and other resources within the Rocky River. The Rocky River in the vicinity of Alternative 5 is 
several hundred feet wide but is shallow with a flat slope. In order to ensure adequate depth in 
the river at the proposed location, a low profile dam may need to be installed to achieve 
sufficient water yield for Union County’s proposed YRWSP. This dam could have potential 
adverse effects to not only water quality, but other resources, such as fisheries. The impounding 
of water brings changes in water quality. This low profile dam could alter temperature and 
sediment content. Also, the dam could cause the re-suspension of some chemicals when low 
oxygen conditions trigger certain chemical reactions in the bottom sediments where those 
chemicals have settled. This low profile dam could cause this section of the river to exhibit 
reservoir characteristics instead of the current riverine characteristics, resulting in DO 
concentrations and water temperatures behind the low profile dam to differ from other sections 
of the Rocky River upstream and downstream of the proposed water intake. In addition to the 
potential water quality changes, aquatic habitat could be disturbed or permanently eliminated as 
a result of construction of a low profile dam. While Alternative 5 has the same indirect impacts to 
Blewett Falls Lake as Alternative 4, adverse water quality impacts on the source water body 
(Rocky River) are more likely with Alternative 5 than Alternative 4. Therefore, Alternative 5 has 
the greater potential to cause adverse impacts to water quality and other aquatic resources 
based on the topography of the Rocky River and the potential need for a low profile dam to 
operate a raw water intake. 

Summary 

Generally, there are only negligible to minor water quality impacts projected under Alternatives 
1, 3, 4, and 11. However, the minor impacts as a result of Alternative 11 are primarily the result 
of introducing treated wastewater back into Lake Tillery and not due to causing reservoir 
elevation fluctuations like the other alternatives. Minor to moderate impacts were observed 
under Alternatives 2A and 2B due to elevated percentages of time below defined full pond when 
compared to the baseline scenarios. In addition, during drought conditions, Alternatives 2A and 
2b would cause moderate impacts to DO concentrations and water temperatures due to the fact 
that fluctuations in reservoir elevations occur at least 5 percent of the time. Alternatives 2A and 
2B would have a greater adverse effect on water quality than the proposed withdrawal of 
Alternatives 1, 3, 4, and 11. The Rocky River could experience the greatest adverse impacts on 
water quality as a result of insufficient depth and flows at the proposed intake location. 
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Alternative 5 would potentially require a low profile dam to achieve sufficient water yield for 
Union County’s proposed YRWSP, and this alternative would use a large portion of the total 
water within the Rocky River. Therefore, Alternative 5 has the potential to have major impacts 
on water quality in the Rocky River. Tables 5-31 and 5-32 provide summaries indicating impacts 
during normal and drought conditions, respectively, for Alternatives 1, 2A, 2B, 3, 4, 5, and 11. 

Table 5-31 Summary of Impacts to Water Quality During Normal Conditions for Alternatives 1, 2A, 2B, 3, 4, 5, 
and 11 (Source: Staff, November 2014). 

Waterbody Alternative 
1 2A 2B 3 4 5 11 

High Rock Lake - - - - - - - 
Tuckertown Reservoir - - MI - - - - 
Narrows Reservoir - MI to 

MO 
MI to 
MO 

- - - - 

Falls Reservoir - MI to 
MO 

MO - - - - 

Lake Tillery - - - - - - MI 
Blewett Falls Lake MI - - MI MI MI MI 
Pee Dee River - - - - - - - 
Rocky River - - - - - MO to 

MA 
- 

“-” = Negligible Impact“; MI” = Minor Impact; “MO” = Moderate Impact; “MA” = Major Impact 
 

Table 5-32 Summary of Impacts to Water Quality During Drought Conditions for Alternatives 1, 2A, 2B, 3, 4, 5, 
and 11 (Source: Staff, November 2014). 

Waterbody Alternative 
1 2A 2B 3 4 5 11 

High Rock Lake - MI* MI - - - - 
Tuckertown Reservoir - MI MO** - - - - 
Narrows Reservoir - MO MI to 

MO 
- - - - 

Falls Reservoir - - - - - - - 
Lake Tillery MI MI MI MI MI MI MI 
Blewett Falls Lake MI none to 

MI 
none to 

MI 
MI MI MI MI 

Pee Dee River - - - - - - - 
Rocky River - - - - - MOI to 

MA*** 
- 

“-” = Negligible Impact“; MI” = Minor Impact; “MO” = Moderate Impact; “MA” = Major Impact 

5.12.3. Surface Water Quantity and Quality - Catawba River Basin 

5.12.3.1. INTRODUCTION 
As part of the Duke Energy’s Federal Energy Regulatory Commission (FERC) relicensing for 
the Catawba-Wateree Hydroelectric Project (Project No. 2232), a CHEOPSTM water 
quantity/hydro operations model was developed to support the Catawba-Wateree Hydroelectric 
Project Federal Energy Regulatory Commission (FERC) relicensing using the proprietary 
CHEOPS™ (Computerized Hydro Electric Operations Planning Software) platform and included 
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the eleven hydroelectric developments on the Catawba River from Bridgewater (Lake James) 
through Wateree (Lake Wateree) (HDR, 2014a). 

Recent enhancements to this model have been made by the Catawba-Wateree Water 
Management Group (CWWMG) as part of their Catawba-Wateree Water Supply Master Plan for 
the Basin, including updated water demand projections for the basin. The CWWMG, with 
funding provided by the North Carolina Division of Water Resources (NCDWR), contracted with 
HDR Engineering, Inc. of the Carolinas (HDR) to update an existing operations model of the 
Catawba-Wateree Hydroelectric Project (HDR, 2014a). This updated model is currently being 
vetted through the State of North Carolina for acceptance as the state-approved water quantity 
model for the Catawba River Basin, in accordance with SL143-2010. 

The Catawba River Basin CHEOPSTM model was specifically used as part of the Union County 
YRWSP EIS to evaluate the direct effects of the proposed water withdrawals for Alternatives 6 
and 7 on water quantity. 

5.12.3.2. MODEL FEATURES  
The model was initially constructed for Duke Energy’s FERC relicensing process and includes 
the following features as used by the CWWMG for the basin’s Water Supply Master Plan:  

• An 82-year hydrological record from 1929 through 2010.  
• Inflow adjustments based on historical reservoir operations, modified to eliminate 

negative inflow values from the data set.  
• Inclusion of net daily evaporation from reservoirs.  
• Updated water withdrawals and return flows for all users through 2065 developed for the 

Water Supply Master Plan and coordinated by the CWWMG.  
• Inclusion of the Catawba-Wateree Low Inflow Protocol (LIP) for procedures on how the 

Catawba River Basin reservoir system, as a whole, will be operated when inflow into the 
reservoirs is not enough to meet normal water demands while also maintaining lake 
levels within their normal ranges. A copy of the LIP is included in Appendix E, CD-1.  

5.12.3.3. SCENARIO NAME AND DETAILS - UNION COUNTY YRWSP IBT  
The model results are used throughout this EIS to analyze impacts of the proposed Catawba 
River Basin water supply alternatives for the Union County YRWSP on specific parameters. 
Model results were analyzed for the following parameters: 
 

• LC-2012 (Baseline-2012)  
o Existing 5 mgd (net) Union County grandfathered Catawba IBT from Catawba 

River, withdrawn at CRWTP between Lake Wylie and Fishing Creek Reservoir 
o No additional IBT for Union County’s YRWSP 
o Current (Year 2012) basin-wide water demands (withdrawals/returns) 

• BLC-2050 (Baseline-2050)  
o Existing 5 mgd (net) Union County grandfathered Catawba IBT from Catawba 

River, withdrawn at CRWTP between Lake Wylie and Fishing Creek Reservoir 
o No additional IBT for Union County’s YRWSP 
o Future (Year 2050) basin-wide water demands (withdrawals/returns) 
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o Includes future impact of climate change in future years resulting in an increased 
temperature of 2.3 deg F (0.6 deg F increase per decade) and lake surface 
evaporation increases of 7.8% (equivalent to an increase of 2% per decade), as 
compared to the 2012 baseline. This impact is consistent with the climate change 
impact considered by the Catawba-Wateree Water Management Group in 
preparation of the Catawba-Wateree Water Supply Master Plan (CWWMG, 
2014) baseline planning scenario, and is consistent with modeled climate change 
scenarios for this region of the United States. 

• Alt 6-2012 
o 21.6 mgd IBT (net) from Catawba River, withdrawn at Union County’s CRWTP 

between Lake Wylie and Fishing Creek Reservoir 
o Current (Year 2012) basin-wide water demand (withdrawals/returns) with Union 

County YRWSP projected Year 2050 IBT 
o Used to compare effects of Alternative 6 to Baseline-2012 scenario under current 

basin-wide water demand. 
• Alt 6-2050 

o 21.6 mgd IBT (net) from Catawba River, withdrawn at Union County’s CRWTP 
between Lake Wylie and Fishing Creek Reservoir 

o Future (Year 2050) basin-wide water demand (withdrawals/returns) with Union 
County YRWSP projected Year 2050 IBT 

o Used to compare effects of Alternative 6 to Baseline-2050 scenario under future 
projected basin-wide water demand. 

o Includes future impact of climate change identified in scenario BLC-2050. 
• Alt 7-2012 

o Existing 5 mgd (net) grandfathered Catawba IBT from Catawba River, withdrawn 
at CRWTP between Lake Wylie and Fishing Creek Reservoir 

o 16.6 mgd IBT wholesale water purchase from Charlotte Water withdrawn from 
Mountain Island Lake 

o Current (Year 2012) basin-wide water demand (withdrawals/returns) with Union 
County YRWSP projected Year 2050 IBT 

o Used to compare effects of Alternative 7 to Baseline-2012 scenario under current 
basin-wide water demand. 

• Alt 7-2050 
o Existing 5 mgd (net) grandfathered Catawba IBT from Catawba River, withdrawn 

at CRWTP between Lake Wylie and Fishing Creek Reservoir 
o 16.6 mgd IBT wholesale water purchase from Charlotte Water withdrawn from 

Mountain Island Lake 
o Future (Year 2050) basin-wide water demand (withdrawals/returns) with Union 

County YRWSP projected Year 2050 IBT 
o Used to compare effects of Alternative 7 to Baseline-2050 scenario under future 

projected basin-wide water demand. 
o Includes future impact of climate change identified in scenario BLC-2050. 
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5.12.3.4. IBT QUANTITIES AND DISTRIBUTIONS  
The impacts of the Alternative 6 and 7 IBT options from the Catawba River Basin were 
evaluated for current basin-wide water demands based on Year 2012 values and future basin-
wide water demands based on Year 2050 projections. The basin-wide water demands used for 
this modeling effort are based on the projections from the CWWMG’s Water Supply Master Plan 
(CWWMG, 2014), interpolated for the Years 2012 and 2050, respectively, including municipal 
water supply, power plant cooling, agricultural/irrigation, and industrial demands. These 
demands include other IBTs that are certified, grandfathered, or anticipated but not certified. 
The model requires that withdrawals be supplied as annual average withdrawal values. Since 
the withdrawal is not the same for every day of the year, the annual average values are 
adjusted to produce monthly use patterns and thus simulate seasonal water use patterns. In the 
CHEOPSTM model, each withdrawal’s monthly distribution is based on the historical pattern for 
that water user. The Union County proposed IBT withdrawals were distributed according to the 
County’s monthly demand patterns from 2006 to 2012. Table 5-33 shows the monthly 
distribution of average demands as a percentage of annual average demand that was used in 
the CHEOPSTM model for Union County’s modeled withdrawals. 

 
Table 5-33 IBT Monthly Distribution Based on 2006 to 2012 Union County Water Use 

Month  Percent of Average  Month  Percent of 
Average  

January  79%  July  123%  
February  77%  August  117%  
March  80%  September  113%  
April  96%  October  107%  
May  115%  November  91%  
June  121%  December  81%  
 

5.12.3.5. USE OF MODEL RESULTS  
The model results are used throughout this EIS to analyze impacts of the proposed Catawba 
River Basin water supply alternatives for the Union County YRWSP on specific parameters. 
Model results were analyzed for the following parameters:  

• Lake Levels 
o Aesthetics 

 Effect of IBT alternatives on lake aesthetics, based on lake elevation 

o Water Withdrawal 
 Effect of IBT alternatives on water supply/withdrawal by other water 

users, based on lake elevation and storage. 

• Reservoir Outflows 
o Effect of IBT alternatives on reservoir outflow for each of the reservoirs in the 

system 
• Water Quantity Management (LIP Occurrence) 

o Effect of IBT alternatives on system-wide occurrence of various LIP levels 
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• Hydropower Generation 
o Effect of IBT alternatives on Duke Energy hydropower generation 

Three distinct periods were analyzed within the model for each scenario, and included the 
following: 

• Full Period of Record (82-year hydrology, 1929-2010) 
• Drought 1 (5-year low inflow period (previous Drought of Record), 1999-2003) 
• Drought 2 (4-year Drought of Record low inflow period), 2006-2009) 

Under these parameters, the results of the modeling are summarized in a set of Performance 
Measure Sheets for comparison purposes to assess the impacts of IBT quantity on the system 
and its reservoirs, as compared to “baseline” conditions under both current and future water 
demands throughout the Catawba River Basin. This assessment and development of PMS were 
based on the CWWMG’s recently enhanced CHEOPSTM model and the operating agreements 
used as the basis for the FERC license application and the Final Comprehensive Relicensing 
Agreement for the Catawba-Wateree Hydroelectric Project filed with FERC in August 2006. 

The criteria used for the PMS for evaluation of the impacts to the Catawba-Wateree River Basin 
were previously developed during the relicensing process for the Duke Energy Catawba-
Wateree Hydroelectric Project in the mid-2000s. Since the 11 reservoirs and numerous diverse 
stakeholders to the system all had different metrics of interest and differing opinions on how to 
rate differences between operating regimes (as computed and measured as output to model 
scenarios), the PMS concept was developed.  In this concept, each reservoir basin is evaluated 
with general criteria such as reservoir elevations, outflows, powerhouse generation, and time 
spent in Low Inflow Protocol (LIP) stages.  Since recreational boaters and parties who withdraw 
water for consumptive uses have different criteria, general categories were developed.  These 
different categories allow for the setting of the elevation or flow of interest, and the variance 
around that value which is considered acceptable, moderately acceptable, or not acceptable.  
Each stakeholder in the CW relicensing process had an opportunity to participate in the 
identification of categories and setting of the metric values to best represent their interests. 

In April, 2015, the DWR Classifications and Standards Rule Review Branch received a request 
from McDowell County, North Carolina, to reclassify Lake James to WS-IV, for purposes of 
constructing a new water intake in Lake James for public water supply. Although the request 
does not mention an amount that McDowell County wishes to withdraw from Lake James, a 
“Draft Environmental Assessment for Water Supply Infrastructure at Lake James McDowell 
County, North Carolina,” dated September 2013 by McGill Associates, lists the lead agency 
contact as Division of Water Infrastructure, and states that the proposed project includes a 3.8 
mgd surface water intake. It is noted the surface water evaluations, basin-wide water use 
projections and model results reflected in this Union County YRWSP EIS do not specifically 
account for this proposed new McDowell County withdrawal in Lake James. 

5.12.3.6. DIRECT IMPACTS – CATAWBA RIVER BASIN WATER QUANTITY 
The Catawba River Basin CHEOPSTM model has been used to evaluate the impacts of the 
proposed interbasin transfer alternatives for a withdrawal for the Union County YRWSP from 
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either the Catawba River downstream of Fishing Creek Reservoir at the site of Union County’s 
existing joint venture Catawba River Water Supply Project (CRWSP) (Alternative 6, 28.9 mgd 
(MMDD) withdrawal) or from Mountain Island Lake through a finished water interconnection with 
Charlotte Water (Alternative 7, 16.6 mgd (MMDD) supply from Charlotte Water plus 12.3 mgd 
(MMDD) withdrawal from the CRWSP). Key indicators used are lake levels and water storage in 
each of the eleven reservoirs in this river basin, as related to both reservoir aesthetics (including 
recreation) and water withdrawal for water supply uses. Additional indicators include the impact 
on downstream releases from these projects and effect on hydropower generation at Duke 
Energy’s hydroelectric facilities on each reservoir. Additionally, a summary of predicted LIP 
stages over the 82-year simulation period has been developed for evaluation purposes.  

Two distinct comparisons have been made for evaluating each surface water alternative from 
the Catawba River Basin (Alternatives 6 and 7). The proposed water transfer under each 
alternative has been compared to a “baseline” scenario based on system operations and 
existing/projected basin water demands, without any proposed Union County IBT. Comparisons 
have been made to the following “baseline” scenarios: 

1. BLC_2012 
• Catawba baseline system operations with current (Year 2012) basin-wide water 

demand estimates 
• Used to compare Union County’s Year 2050 projected IBT amount under each 

alternative to current water use within the Basin in the Year 2012. 
2. BLC_2050 

• Catawba baseline system operations with future (Year 2050) basin-wide water 
demand estimates;  

• Used to compare Union County’s Year 2050 projected IBT amount under each 
alternative to future projected water use within the Basin in the Year 2050. 

• Includes future impact of climate change previously identified. 

As previously noted, for each model scenario evaluated, results were analyzed for three distinct 
hydrology periods, as follows: 

1. Period of Record (POR) = 1929 to 2010 
2. Drought 1 (previous Drought of Record in the Basin prior to 2006-2009) = 1999 to 2003 
3. Drought 2 (Catawba River Basin Drought of Record (DOR)) = 2006 to 2009 

Direct impacts on water quantity for each alternative have been evaluated for their impacts to 
lake levels (for both lake aesthetics and water withdrawals), reservoir discharges, water quantity 
management (LIP occurrence) and hydropower generation. In general, results for the two 
alternatives reflect minor impacts to the baseline scenarios due to the proposed Union County 
IBT. This is especially true for the POR evaluations as, over the 82 year period, the proposed 
IBT would have a negligible to minor effect on system operations and water quantity. Minor to 
moderate impacts were noted for certain alternatives and in certain scenarios during modeled 
drought periods. No major impacts were identified from the water quantity modeling. The 
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primary differences in metrics observed are between the 2050 and 2012 evaluations from 
projected basin-wide water demand increases in the future, not the proposed Union County IBT. 

Lake Levels 

Aesthetics 
Often of important consideration to lakeside property owners and parties with recreational 
interests for particular lakes is the effect of water withdrawals on lake elevations and, 
subsequently, lake aesthetics. Given this consideration, the effect of each Union County surface 
water supply alternative from the Catawba River Basin was evaluated in CHEOPSTM for their 
effect on lake elevations, relative to the reservoir target operating curve, as a percentage of time 
the end of day elevations are within a particular range of the reservoir rule/guide curve or full 
pond elevation. Results from the applicable Performance Measure Sheets (PMS) for the model 
analysis are summarized in the following tables, by reservoir, alternative and baseline scenario 
comparison (BLC-2012 or BLC-2050). Potential negative impacts, as compared to the 
“baseline” scenarios, are denoted by “-” (Negligible Impact, with no detectable modeled impact, 
as compared to baseline), “MI” (Minor Impact, typically resulting in negative impact of >0% and 
<5%, as compared to baseline), “MO” (Moderate Impact, typically resulting in negative impact of 
5% to <15%, as compared to baseline), and “MA” (Major Impact, typically resulting in negative 
impact of 15% or greater. For detailed results of the PMS, see Appendix E, CD-3. 

Table 5-34 Lake Aesthetics (Elevation) Impacts, Based on % of Time End of Day Elevations within Particular 
Range of Reservoir Target Operating Curve 

Reservoir Comparison to BLC-2012 
Current (2012) Basin-Wide 

Water Use With Union County 
2050 IBT 

Comparison to BLC-2050 
Future (2050) Basin-Wide 

Water Use With Union County 
2050 IBT 

POR 
(1929-
2010) 

Drought 1 
(1999-
2003) 

Drought 2 
(2006-
2009) 

POR 
(1929-
2010) 

Drought 1 
(1999-
2003) 

Drought 2 
(2006-
2009) 

Alternative Alternative 
6 7 6 7 6 7 6 7 6 7 6 7 

James (Bridgewater) - - - MI - - - - - - - MO 
Rhodhiss MI - - - MI - - MI - - - - 
Hickory (Oxford) MI - - - - - - MI - MI - - 
Lookout Shoals MI - MI - MI - MI MI - MI - - 
Norman (Cowans Ford) - - MI MI - MI - - - - MI MI 
Mountain Island MI - - - - - - - - - - - 
Wylie - - - MI - - - MI - - - - 
Fishing Creek - - - - - - - - - - - - 
Great Falls MI - - - - - - MI - MI - - 
Rocky Creek MI - - - - - - MI - MI - - 
Wateree - - - - - - - - - MI MI - 
“-” = Negligible Impact“(no detectable impact); MI” = Minor Impact (>0% to <5%); “MO” = Moderate Impact (5% to 
<15%); “MA” = Major Impact (≥15%) 
Note: Lake elevations in some lakes were modeled to be less impacted under future basin-wide water use, as 
compared to the baseline conditions, as an effect of the Catawba-Wateree LIP being in effect for longer period of 
time due to increased withdrawals, thereby reducing system discharges to preserve reservoir water storage. 
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Table 5-35 Period of Record (1929-2010) Average Modeled Lake Elevation Differences for YRWSP 
Alternatives (Union County 2050 IBT) as Compared to Baseline Current (2012) Conditions  

Reservoir Avg. 
Elev. 
(feet) 

Difference (inches) from 
BASE (UC2050_2012) 

Avg. 
Elev. 
(feet) 

Difference (inches) from 
BASE (2050) 

Base 
2012 

Alternative Base 
2050 

Alternative 
6 7 6 7 

James (Bridgewater) 1196.7 +1 - 1196.5 - - 
Rhodhiss 993.4 - - 993.3 - - 
Hickory (Oxford) 933.2 +1 - 933.1 - - 
Lookout Shoals 836.7 - - 836.6 - - 
Norman (Cowans Ford) 757.9 - - 757.7 - - 
Mountain Island 645.1 - - 644.7 - - 
Wylie 567.1 - - 566.9 - -1 
Fishing Creek 416.2 - - 416.2 - - 
Great Falls 355.1 - - 355.0 - +1 
Rocky Creek 283.4 +1 - 283.4 - - 
Wateree 224.9 - -1 224.8 - - 
“-” = No modeled change in lake elevation for alternative as compared to  baseline condition 
Note: Lake elevations in some lakes were modeled to be several inches higher, as compared to the baseline 
conditions, as an effect of the Catawba-Wateree LIP being in effect for longer period of time due to increased 
withdrawals, thereby reducing system discharges to preserve reservoir water storage. 
 

Table 5-36 Drought 1 (1999-2003) Average Modeled Lake Elevation Differences for YRWSP Alternatives 
(Union County 2050 IBT) as Compared to Baseline Current (2012) Conditions 

Reservoir Avg. 
Elev. 
(feet) 

Difference (inches) from 
BASE (UC2050_2012) 

Avg. 
Elev. 
(feet) 

Difference (inches) from 
BASE (2050) 

Base 
2012 

Alternative Base 
2050 

Alternative 
6 7 6 7 

James (Bridgewater) 1195.8 - -1 1195.2 -1 +2 
Rhodhiss 993.4 - -1 992.9 - +2 
Hickory (Oxford) 933.3 -1 -2 932.8 -1 +1 
Lookout Shoals 836.9 - -2 836.3 -2 -1 
Norman (Cowans Ford) 758.4 -1 -1 757.0 - +6 
Mountain Island 644.6 +1 -2 643.3 - - 
Wylie 566.0 - -1 565.7 - -1 
Fishing Creek 417.0 - - 417.0 - - 
Great Falls 355.4 - - 355.5 - - 
Rocky Creek 284.2 - - 284.2 - - 
Wateree 224.8 - - 224.5 - +5 
“-” = No modeled change in lake elevation for alternative as compared to  baseline condition 
Note: Lake elevations in some lakes were modeled to be several inches higher, as compared to the baseline 
conditions, as an effect of the Catawba-Wateree LIP being in effect for longer period of time due to increased 
withdrawals, thereby reducing system discharges to preserve reservoir water storage. 
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Table 5-37 Drought 2 (2006-2009) Average Modeled Lake Elevation Differences for YRWSP Alternatives 
(Union County 2050 IBT) as Compared to Baseline Current (2012) Conditions 

Reservoir Avg. 
Elev. 
(feet) 

Difference (inches) from 
BASE (UC2050_2012) 

Avg. 
Elev. 
(feet) 

Difference (inches) from 
BASE (2050) 

Base 
2012 

Alternative Base 
2050 

Alternative 
6 7 6 7 

James (Bridgewater) 1196.9 - - 1195.6 -1 -5 
Rhodhiss 993.6 - - 993.7 -1 -1 
Hickory (Oxford) 933.5 - - 933.6 -1 -1 
Lookout Shoals 836.8 - - 836.8 -1 -1 
Norman (Cowans Ford) 757.6 - - 756.9 -2 -4 
Mountain Island 645.8 - - 645.7 -1 -1 
Wylie 567.3 - - 567.2 -1 -2 
Fishing Creek 416.9 - - 416.9 - - 
Great Falls 355.5 - - 355.5 - - 
Rocky Creek 284.1 - - 284.1 - - 
Wateree 224.6 - - 224.0 -1 - 
“-” = No modeled change in lake elevation for alternative as compared to  baseline condition 

 
Alternative 6 

Under Alternative 6, minor impacts were noted in several reservoirs under various conditions, 
based on the percent of time in which lake levels were at their specified target elevations as 
follows: 

• Current (2012) Basin-Wide Water Demands with Union County 2050 IBT Demand 
o Period of Record – Minor impacts were noted in Lake Rhodhiss, Lake Hickory, 

Lookout Shoals Lake, Mountain Island Lake, Great Falls Reservoir, and Rocky 
Creek Reservoir. 

o Drought 1 (1999-2003) – Minor impacts were noted in Lookout Shoals Lake and 
Lake Norman. 

o Drought 2 (2006-2009) – Minor impacts were noted in Lake Rhodhiss and 
Lookout Shoals Lake. 

• 2050 Basin-Wide Water Demands with Union County 2050 IBT Demand 
o Period of Record – Minor impacts were noted in Lookout Shoals Lake. 
o Drought 1 (1999-2003) – Impacts considered negligible. 
o Drought 2 (2006-2009) – Minor impacts were noted in Lake Norman. 

Typically, these impacts were identified as having a negative impact on the percent of time 
within a range of +/-2 feet of the target elevation of 1-2% less than the applicable baseline 
condition. The +/-2 feet elevation range is the evaluation range identified by stakeholders for 
evaluation as a Performance Measure during Duke Energy’s relicensing of the Catawba-
Wateree Hydroelectric Project, and is representative of the operational range by which Duke 
Energy attempts to maintain lake levels relative to their target levels. Based on the results 
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indicated in the PMS, such impacts represent a minor impact to reservoir elevations under 
Alternative 6, as indicated in Table 5-34. 

Additionally, Tables 5-35, 5-36 and 5-37 indicate that during the POR, Alternative 6 does not 
reduce the average annual lake elevations under both current and future basin-wide water use 
demands. During the Drought 1 period, however, under current (Year 2012) basin-wide water 
demands, average annual lake elevations are reduced by approximately 1 inch in Lake Hickory 
and Lake Norman due to Alternative 6. Under future (Year 2050) basin-wide water demands, 
Alternative 6 results in approximately 1 inch reductions in annual average lake elevations in 
Lake James and Lake Hickory and approximately a 2 inch reduction in Lookout Shoals Lake. 
During the Drought 2 period under current (Year 2012) basin-wide water demands, average 
annual lake elevation impacts are negligible due to Alternative 6. Under future (Year 2050) 
basin-wide water demands, Alternative 6 results in approximately 1 inch reductions in annual 
average lake elevations in Lake James, Lake Rhodhiss, Lake Hickory, Lookout Shoals Lake, 
Mountain Island Lake, Lake Wylie and Lake Wateree and approximately a 2 inch reduction in 
Lake Norman.   

Alternative 7 

Under Alternative 7, minor impacts were noted in several reservoirs under various conditions, 
based on the percent of time in which lake levels were at their specified target elevations as 
follows: 

• Current (2012) Basin-Wide Water Demands with Union County 2050 IBT Demand 
o Period of Record – Impacts considered negligible. 
o Drought 1 (1999-2003) – Minor impacts were noted in Lake James, Lake Norman 

and Lake Wylie. 
o Drought 2 (2006-2009) – Minor impacts were noted in Lake Norman. 

• 2050 Basin-Wide Water Demands with Union County 2050 IBT Demand 
o Period of Record – Minor impacts were noted in Lake Rhodhiss, Lake Hickory, 

Lookout Shoals Lake, Lake Wylie, Great Falls Reservoir, and Rocky Creek 
Reservoir. 

o Drought 1 (1999-2003) – Minor impacts were noted in Lake Hickory, Lookout 
Shoals Lake, Great Falls Reservoir, Rocky Creek Reservoir and Lake Wateree. 

o Drought 2 (2006-2009) – Moderate impacts were noted in Lake James and Minor 
impacts were noted in Lake Norman. 

Typically, these impacts were identified as having a negative impact on the percent of time 
within a range of +/-2 feet of the target elevation of 1-2% less than the applicable baseline 
condition. Therefore, such impacts represent only a minor impact to reservoir elevations under 
Alternative 7, as indicated in Table 5-34. However, Alternative 7 does result in slightly larger 
negative impacts in Lake James under the Drought 2 period with future (Year 2050) basin-wide 
water demands, such that the percent of time the Lake James elevation is within +/- 2 feet of its 
target elevation is reduced by 9%, as compared to the baseline conditions during the Drought of 
Record. As such, this is identified as a moderate impact. 
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Tables 5-35, 5-35 and 5-37 indicate that during the POR, Alternative 7 results in an approximate 
1 inch reduction in average annual lake elevations in Lake Wateree under current (Year 2012) 
basin-wide water use demands, except for an approximate 1 inch reduction in Lake Wateree 
under current basin-wide water demands. Under future (Year 2050) basin-wide water demands, 
Alternative 7 results in an approximate 1 inch reduction in Lake Wylie during the POR.  

During the Drought 1 period under current  basin-wide water demands, average annual lake 
elevations are reduced by approximately 1 inch in Lake James, Lake Rhodhiss, Lake Norman 
and Lake Wylie and by approximately 2 inches in Lake Hickory, Lookout Shoals Lake and 
Mountain Island Lake, due to Alternative 7. Under future (Year 2050) basin-wide water 
demands, Alternative 7 results in approximately 1 inch reductions in annual average lake 
elevations in Lookout Shoals Lake and Lake Wylie. However, lake elevations in other lakes 
were modeled to be several inches higher, as compared to the baseline conditions, as an effect 
of the Catawba-Wateree LIP being in effect for longer period of time and thereby reducing 
system discharges to preserve reservoir water storage.  

During the Drought 2 period under current (Year 2012) basin-wide water demands, average 
annual lake elevations are not impacted due to Alternative 7. Under future (Year 2050) basin-
wide water demands, Alternative 7 results in approximately 1 inch reductions in annual average 
lake elevations, as compared to the baseline conditions, in Lake Rhodhiss, Lake Hickory, 
Lookout Shoals Lake and Mountain Island Lake. Larger reductions were observed in Lake 
James (5 inches lower), Lake Norman (4 inches lower) and Lake Wylie (2 inches lower). Such 
reductions in the larger system reservoirs (James, Norman and Wylie) indicate that Alternative 7 
stresses the system such that water storage during Drought-of-Record conditions is utilized to 
support the proposed Alternative 7 withdrawal while attempting to minimize lake elevation 
impacts to other smaller reservoirs in the system. 

Summary 

Generally, the CHEOPSTM modeling results for Alternatives 6 and 7 show only negligible to 
minor impacts on lake elevations, when compared to the respective baseline scenario. Only 
minor reductions in elevations were noted in these reservoirs for small percentages of time 
under the aforementioned alternatives, typically resulting in annual average elevation 
differences of approximately 1-inch, even with the higher Year-2050 basin-wide water use 
projections. However, based on the model results, it does appear that during Drought-of-Record 
conditions (Drought 2 period), both Alternative 6 and 7 would have a greater effect on average 
lake elevations, by reducing the elevations in the majority of the system reservoirs under the 
future basin-wide water demands. Alternative 7, in particular, represents a noticeable impact to 
lake elevations under these conditions, with the largest system reservoir elevations being 
reduced by up to 5 inches, as compared to the baseline condition. 

In addition to the PMS metric evaluation, the elevation and storage exceedance curves and 
comparisons for each reservoir under the two IBT alternatives, as depicted in Appendix E, CD-
3,generally reflect some minor differences between the alternatives when compared to baseline 
conditions over the POR or during the Drought 1 and Drought 2 periods. The greatest 
differences reflected by these charts confirm the conclusion that Alternatives 6 and 7 have a 
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greater negative impact on lake elevations and system-wide water storage under future (Year 
2050) basin-wide water demands during Drought-of-Record conditions. 

It should be noted that, when comparing the baseline cases for 2050 projected future basin-
wide water demands to current basin-wide water demands, the increase in water demands 
throughout the basin, not considering Union County’s proposed IBT is modeled to have the 
largest negative effect on lake elevations. These impacts are independent of, and not resulting 
from, any proposed Union County IBT alternative. Rather, they are the inherent result of 
increased water withdrawals projected throughout the Catawba River Basin in the future, 
including withdrawals for public water supply, thermal power generation, industrial use and 
agriculture and irrigation uses. 

Water Withdrawal 
Of important consideration to owners of water supply intakes in the Catawba River Basin lake 
system is the effect of water withdrawals on lake elevations related to operability of these 
intakes. In times of reduced system inflow (i.e. droughts), water supply intakes may be 
vulnerable to inoperability (not being able to take in water from the source) or reduced 
operability because of falling lake levels. Additional water withdrawals within the lake system 
increase outflows from the system and can subsequently exacerbate the effect of low lake 
levels on intake operability. 

Given this consideration, the effect of each Union County surface water supply alternative from 
the Catawba River Basin was evaluated in CHEOPSTM for their effect on lake elevations, 
relative to the critical intake elevations in each reservoir. The critical intake is defined as the 
highest intake in each reservoir, which represents the first intake that could be exposed due to 
falling lake levels during times of low inflow. This evaluation was completed to determine if any 
of the IBT alternatives negatively affected lake levels such that other water supply intakes were 
jeopardized. 

Results from the applicable PMS for the model analysis are summarized in the following table, 
by reservoir, alternative and baseline scenario comparison (BLC-2012 or BLC-2050). Potential 
negative impacts, as compared to the “baseline” scenarios, are denoted by “-” (Negligible 
Impact, with no detectable modeled impact, as compared to baseline), “MI” (Minor Impact, 
typically resulting in negative impact of >0% and <5%, as compared to baseline), “MO” 
(Moderate Impact, typically resulting in negative impact of 5% to <15%, as compared to 
baseline), and “MA” (Major Impact, typically resulting in negative impact of 15% or greater. For 
detailed results of the PMS, see Appendix E, CD-3. 
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Table 5-38 Water Withdrawal (Intake) Impacts, Based on Number of Days of Restricted Operation at Lake 
Located Intakes 

Reservoir Comparison to BLC-2012 
Current (2012) Basin-Wide 

Water Use With Union County 
2050 IBT 

Comparison to BLC-2050 
Future (2050) Basin-Wide 

Water Use With Union County 
2050 IBT 

POR 
(1929-
2010) 

Drought 1 
(1999-
2003) 

Drought 2 
(2006-
2009) 

POR 
(1929-
2010) 

Drought 1 
(1999-
2003) 

Drought 2 
(2006-
2009) 

Alternative Alternative 
6 7 6 7 6 7 6 7 6 7 6 7 

James (Bridgewater) - - - - - - - - - - - - 
Rhodhiss - - - - - - - - - - - - 
Hickory (Oxford) - - - - - - - - - - - - 
Lookout Shoals - - - - - - - - - - - - 
Norman (Cowans Ford) - - - - - - - - - - - - 
Mountain Island MI - - - - - - MI - - - - 
Wylie - - - - - - - MI - - - - 
Fishing Creek MI MI - - - - - - - - - - 
Great Falls - - - - - - - - - - - - 
Rocky Creek - - - - - - - - - - - - 
Wateree - - - - - - - - - - - - 
“-” = Negligible Impact“(no detectable impact); MI” = Minor Impact (>0% to <5%); “MO” = Moderate Impact (5% to 
<15%); “MA” = Major Impact (≥15%)  
Mountain Island Lake intake is associated with the Riverbend Steam Station. This facility is being decommissioned 
and, as such, its intake will no longer be in use by the time Union County’s proposed withdrawal would occur. 
 
As shown in the summary table, minor negative impacts to water supply intakes due to 
restricted intake operation are noted in Mountain Island Lake, Lake Wylie and Fishing Creek 
Reservoir. Under current (2012) basin-wide water demand conditions, Mountain Island Lake 
was observed to have minor impacts to water supply intakes for Alternative 6 during the POR by 
rendering the highest thermal power facility intake inoperable for an additional day beyond the 
baseline condition. However, this intake is associated with the Riverbend Steam Station. This 
facility is being decommissioned and, as such, its intake will no longer be in use by the time 
Union County’s proposed withdrawal would occur. Additionally, Mountain Island Lake was 
observed to have minor impacts under future (2050) basin-wide water demand conditions for 
Alternative 7 during the POR by rendering the highest public water supply intake inoperable for 
an additional 3 days beyond the baseline condition.  

Under future (2050) basin-wide water demand conditions, Lake Wylie was observed to have 
minor impacts to water supply intakes for Alternative 7 during the POR by rendering the highest 
public water supply intake inoperable for an additional 5 days beyond the baseline condition. 
Under current (2012) basin-wide water demand conditions, Fishing Creek Reservoir was 
observed to have minor impacts to water supply intakes for Alternatives 6 and 7 by rendering 
the highest public water supply intake inoperable for an additional 1 an 2 days, respectively, 
beyond the baseline condition. 

No other reservoirs were modeled to have impacts considered to be more than negligible to 
water supply intakes due to restricted intake operation under Alternative 6 or 7. Furthermore, 
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modeled impacts to water supply intakes in all reservoirs were negligible during Drought 1 or 
Drought 2 period, indicating the effectiveness of the LIP in attempting to prevent lake levels 
during extreme drought from dropping to a level that would expose intakes. 

Reservoir Discharge 
For ecological considerations and certain recreational interests in the Catawba River Basin the 
effect of water withdrawals on reservoir discharges (downstream releases) from these lakes is 
of importance. In times of reduced system inflow (i.e. droughts), the ecological health or 
recreational uses (e.g. kayaking or canoeing) of the waterway can be negatively affected. 
During normal periods (i.e. normal inflow), both the Duke Energy hydroelectric project is 
required to make certain downstream releases from various reservoirs under its Comprehensive 
Relicensing Agreement (CRA) for its pending FERC license renewal. During periods of reduced 
inflow to the system, the LIP specifies reductions to these release requirements, based on 
particular drought stages, while seeking to provide discharges at a level sufficient to maintain 
the ecological health of the waterway. However, additional water withdrawals within the lake 
system increase outflows from the system and may subsequently result in reservoir discharges 
lower than those required under the CRA for the operation of the lake system. 

Given this consideration, the effect of each Union County surface water supply alternative from 
the Catawba River Basin was evaluated in CHEOPSTM for their effect on discharges, relative to 
the required downstream releases from these reservoirs. This evaluation was completed to 
determine if any of the IBT alternatives negatively affected downstream releases such that the 
waterway’s ecological health and certain recreational interests would be jeopardized, as 
compared to the baseline conditions within the Catawba River Basin without the proposed IBT. 

Results from the applicable PMS for the model analysis are summarized in the following tables, 
by reservoir, alternative and baseline scenario comparison (BLC-2012 or BLC-2050). Potential 
negative impacts, as compared to the “baseline” scenarios, are denoted by “-” (Negligible 
Impact, with no detectable modeled impact, as compared to baseline), “MI” (Minor Impact, 
typically resulting in negative impact of >0% and <5%, as compared to baseline), “MO” 
(Moderate Impact, typically resulting in negative impact of 5% to <15%, as compared to 
baseline), and “MA” (Major Impact, typically resulting in negative impact of 15% or greater. For 
detailed results of the PMS, see Appendix E, CD-3.   

Typically, the impacts noted in the following table result from the CHEOPSTM model spending 
several more days (as compared to the baseline scenario) in a more severe drought stage 
under a particular alternative. This subsequently results in several more days below the 
“normal” or highest specified minimum discharge requirement while the model adheres to the 
reduced discharge requirements during LIP stages. 
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Table 5-39 Reservoir Discharge (Downstream Release) Impacts, Based on Number of Days Below Specified 
Release Values 

Reservoir Comparison to BLC-2012 
Current (2012) Basin-Wide 

Water Use With Union County 
2050 IBT 

Comparison to BLC-2050 
Future (2050) Basin-Wide 

Water Use With Union County 
2050 IBT 

POR 
(1929-
2010) 

Drought 1 
(1999-
2003) 

Drought 2 
(2006-
2009) 

POR 
(1929-
2010) 

Drought 1 
(1999-
2003) 

Drought 2 
(2006-
2009) 

Alternative Alternative 
6 7 6 7 6 7 6 7 6 7 6 7 

James (Bridgewater) - - - - - - - - - - - - 
Rhodhiss NA NA 
Hickory (Oxford) - - - - - - - - MI - - - 
Lookout Shoals NA NA 
Norman (Cowans Ford) NA NA 
Mountain Island NA NA 
Wylie - - - - - - - - - - - - 
Fishing Creek NA NA 
Great Falls NA NA 
Rocky Creek NA NA 
Wateree - - - - - - - - - - - - 
“-” = Negligible Impact“(no detectable impact); MI” = Minor Impact (>0% to <5%); “MO” = Moderate Impact (5% to 
<15%); “MA” = Major Impact (≥15%) 
 

Generally, the CHEOPSTM modeling results show little appreciable impact on reservoir 
discharges, when compared to the respective baseline scenarios. The only minor impact was 
observed in Lake Hickory for Alternative 6 (proposed withdrawal for the YRWSP at Union 
County’s existing CRWSP), as the 7-day average flowrate released from the hydropower 
development reflected an average reduction of 4 cfs below the baseline condition, during the 
Drought 1 period with 2050 basin-wide water demands. For all other time periods and reservoirs 
for both Alternative 6 and 7, modeled impacts to reservoir discharges are considered negligible, 
as presented in the PMS. 

In addition to the PMS metric evaluation, the outflow exceedance curves for each reservoir 
under the various IBT alternatives, as depicted in Appendix E, CD-3, generally reflect negligible 
differences between Alternatives 6 or 7 when compared to respective baseline conditions over 
the POR, or during the Drought 1 and Drought 2 periods. However, some differences are noted, 
typically occurring only at certain exceedance intervals, when comparing the 2012 to 2050 
future basin-wide water demand conditions. These impacts are independent of, and not 
resulting from, any proposed Union County IBT alternative. Rather, they are the inherent result 
of increased water withdrawals projected throughout the Catawba River Basin in the future, 
including withdrawals for public water supply, thermal power generation, industrial use and 
agriculture and irrigation uses. 
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Water Quantity Management (LIP Occurrence) 
In addition to water quantity metrics related to lake elevations, water supply intake operation 
and reservoir discharges, water quantity management metrics were evaluated to determine if 
proposed Union County IBT alternatives would impact the occurrence of the Catawba-Wateree 
Low Inflow Protocol (LIP). Metrics evaluated included the percent of time in Normal Conditions 
(non-drought periods with no LIP in effect), number of months attaining particular LIP Stages (0 
to 4) and percentage of time for the applicable period (POR, Drought 1 and Drought 2) spent in 
particular LIP Stages. The results of this analysis indicate that, based on this metric, there would 
generally be minor impacts to LIP occurrence for both Alternatives 6 and 7 of the Union County 
IBT alternatives, as compared to the baseline conditions. 

Results from the applicable LIP occurrence evaluation for the model analysis are summarized in 
the following tables, by reservoir, alternative and baseline scenario comparison (BLC-2012 or 
BLC-2050). Potential negative impacts, as compared to the “baseline” scenarios, are denoted 
by “-” (Negligible Impact, with no detectable modeled impact, as compared to baseline), “MI” 
(Minor Impact, typically resulting in negative impact of >0% and <5%, as compared to baseline), 
“MO” (Moderate Impact, typically resulting in negative impact of 5% to <15%, as compared to 
baseline), and “MA” (Major Impact, typically resulting in negative impact of 15% or greater. For 
detailed results of the LIP evaluation, see Appendix E, CD-3. 

Table 5-40 Water Quantity Management (LIP Occurrence) Impacts, Based on % of Time in Normal Conditions, 
Number of Months in LIP Stages and % of Time in LIP Stages 

Evaluation Period Comparison to BLC-2012 
Current (2012) Basin-Wide 

Water Use With Union 
County 2050 IBT 

Comparison to BLC-2050 
Future (2050) Basin-Wide 

Water Use With Union 
County 2050 IBT 

Alternative Alternative 
6 7 6 7 

Period of Record (1929-2010) MI MI MI MI 
Drought 1 (1999-2003) - - - MO 
Drought 2 (2006-2009) - - MI MI 
“-” = Negligible Impact“(no detectable impact); MI” = Minor Impact (>0% to <5%); “MO” = Moderate Impact (5% to 
<15%); “MA” = Major Impact (≥15%) 
 

Under current basin-wide water demands, over the POR, the system is in Normal Conditions 
50% of the time for the baseline conditions and Alternative 7. Under Alternative 6, the system is 
in Normal Conditions 48% of the time, and in the more severe drought Stage 1 46% of the time, 
representing a 2% increase in time (18 additional months over the POR) spent in a more severe 
drought stage, when compared to the baseline conditions. Additionally, under Alternative 6, the 
system is in Stage 2 drought conditions for an additional 3 months over the POR, when 
compared to the baseline conditions. These differences, for both Alternative 6 and 7, generally 
represent minor impacts from the alternatives when compared to the baseline. 

During the Drought 1 period, under the baseline case with current basin-wide water demands 
and each alternative, the system is in Normal Conditions 17% of the five year period and in LIP 
Stage 0 and 1 for 62% and 22% of the period, respectively. There were no observed differences 
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between Alternatives 6 or 7 when compared to the baseline conditions. During the Drought 2 
Drought of Record period, under the baseline case and each alternative, the system is in 
Normal Conditions 21% of the four year period and in LIP Stage 0, 1 and 2 for 19%, 19% and 
42% of the period, respectively. There were no observed differences between Alternatives 6 or 
7 when compared to the baseline conditions. 

Under projected Year 2050 future basin-wide water demands, over the POR, the system is in 
Normal Conditions 51% of the time for the baseline conditions and Alternative 6. Under 
Alternative 7, the system is in Normal Conditions 50% of the time, and in the more severe 
drought Stage 1 for 41% of the time and Stage 2 for 7 % of the POR, representing a 1% 
increase in time (1 additional month in Stage 1 and 12 months additional month in Stage 2) over 
the POR spent in a more severe drought stage, when compared to the baseline conditions. 
Additionally, under Alternative 6, the system is in Stage 1 drought conditions for an additional 5 
months over the POR but in Stage 2 conditions 4 fewer months, when compared to the baseline 
conditions. These differences, for both Alternative 6 and 7, generally represent minor impacts 
from the alternatives when compared to the baseline. 

During the Drought 1 period, under the baseline case with future Year 2050 basin-wide water 
demands and each alternative, the system is in Normal Conditions 15% of the five year period 
and in LIP Stages 0, 1 and 2 for 57%, 18% and 10% of the period, respectively, under baseline 
conditions and Alternative 6. However, during this period under Alternative 7, differences in LIP 
stage are noted as having a moderate impact on the system, as the LIP would be in Stage 1 
conditions an additional 12 months (20% more time) and 6 fewer months in both Stages 0 and 2 
(10% less time in each stage). During the Drought 2 Drought of Record period, under the 
baseline case and each alternative, the system is in Normal Conditions. Differences were 
observed for both Alternative 6 and 7, where LIP Stage 0 would have been declared an 
additional 2% of the time (one month) and LIP Stage 1 would have been declared one fewer 
month, as compared to the baseline conditions. While a less severe drought stage, under these 
alternatives intuitively seems to be a benefit to the system, in reality, it can delay water 
conservation measures and reductions to downstream releases required by the LIP, thus having 
the potential to negatively affect the available water quantity within the system. As such, these 
are identified as minor impacts. 

Hydropower Generation 
Impacts of each proposed Union County IBT alternative from the Catawba River Basin on 
hydropower generation were also evaluated. Impacts to Duke Energy’s Catawba-Wateree 
Hydroelectric Project, consisting of hydroelectric generating stations on each of the eleven 
system reservoirs were evaluated through the CHEOPSTM model. Collective impacts to average 
hydropower megawatts produced per year, average equivalent number of homes per year that 
could be powered by each hydro project and hydropower generation revenue were evaluated. 
Increases in system water withdrawals can reduce the available water storage by which Duke 
Energy is able to access from the reservoirs they operate, in order to produce hydropower. As 
such, this is an important metric to evaluate in the comparison of IBT alternatives for Union 
County. 
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Results from the applicable PMS for the model analysis are summarized in the following tables, 
by hydroelectric project, alternative and baseline scenario comparison (BLC-2012 or BLC-
2050). Potential negative impacts, as compared to the “baseline” scenarios, are denoted by “-” 
(Negligible Impact, with no detectable modeled impact, as compared to baseline), “MI” (Minor 
Impact, typically resulting in negative impact of >0% and <5%, as compared to baseline), “MO” 
(Moderate Impact, typically resulting in negative impact of 5% to <15%, as compared to 
baseline), and “MA” (Major Impact, typically resulting in negative impact of 15% or greater. For 
detailed results of the PMS, see Appendix E, CD-3.  

Table 5-41 Hydropower Generation Impacts, Based on Average Annual Hydropower Production and 
Equivalent Number of Homes Powered by the Hydro Projects 

Evaluation Period Comparison to BLC-2012 
Current (2012) Basin-Wide 

Water Use With Union 
County 2050 IBT 

Comparison to BLC-2050 
Future (2050) Basin-Wide 

Water Use With Union 
County 2050 IBT 

Alternative Alternative 
6 7 6 7 

Period of Record (1929-2010) MI MI MI MI 
Drought 1 (1999-2003) MI MI MI MI 
Drought 2 (2006-2009) MI MI MI MI 
“-” = Negligible Impact“(no detectable impact); MI” = Minor Impact (>0% to <5%); “MO” = Moderate Impact (5% to 
<15%); “MA” = Major Impact (≥15%) 
 

Duke Energy Catawba-Wateree Hydroelectric Project Impacts 
Under both current and projected future basin-wide water demands, minor impacts on 
hydropower generation for Duke Energy’s Catawba-Wateree Hydroelectric Project were noted 
in the model analysis, under both Alternatives 6 and 7 for a proposed Union County IBT 
withdrawal from the Catawba River Basin. These alternatives typically resulted in decreased 
hydropower generation and revenue, as compared to baseline conditions, by approximately ½% 
under both the current and future basin-wide water demands for the Period of Record and up to 
approximately 1% during Drought 1 and Drought 2 periods. 

It should be noted that, when comparing the baseline cases for 2050 projected future basin-
wide water demands to current basin-wide water demands, the increase in water demands 
throughout the basin, not considering Union County’s proposed IBT is modeled to negatively 
impact hydropower generation approximately 5% during the POR, 6% during the Drought 1 
period, and up to 9% during the Drought 2 period. These impacts are independent of, and not 
resulting from, any proposed Union County IBT alternative. Rather, they are the inherent result 
of increased water withdrawals projected throughout the Catawba River Basin in the future, 
including withdrawals for public water supply, thermal power generation, industrial use and 
agriculture and irrigation uses. 

In addition to the PMS metric evaluation, the generation detail histograms and data 
comparisons for each hydropower producing reservoir under the various IBT alternatives, as 
depicted in Appendix E, CD-3, generally reflect only minor differences between any of the 
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alternatives when compared to baseline conditions over the POR or during the Drought 1 and 
Drought 2 periods. 

5.12.3.7. DIRECT IMPACTS - CATAWBA RIVER BASIN WATER QUALITY 
The NCDWR classifies surface water bodies, such as stream, rivers, and lakes, to designate 
uses to be protected within these waters. These designations carry specific water quality 
standards which are used to manage all stream, rivers, and lakes in North Carolina. There are 
three classes of waters [B, WS-V and WS-IV (with a CA)] affected by Alternative 7, which 
proposes water withdrawals from Mountain Island Lake. Class B waters are designated with the 
same Class C protections in addition to primary recreation. WS-V waters are classified as 
waters protected as water supplies which are generally upstream and draining to Class WS-IV 
waters or water used by industry to supply their employees with drinking water or as waters 
formerly used as water supply. The designation of WS-IV is classified as waters used as 
sources of water supply for drinking, culinary, or food processing purposes where a WS-I, II or 
III classification is not feasible. WS-IV waters are generally in moderately to highly developed 
watersheds. Table 5-42 depicts water classifications that would be utilized in Alternatives 6 and 
7. Alternative 6 proposes water withdrawal from the Catawba River in South Carolina. The 
Catawba River, in South Carolina, where Alternative 6 is proposed, is classified as Freshwater 
(FW). In South Carolina, FW use designations include:  (1) suitable for primary and secondary 
contact recreation and as a source for drinking water supply after conventional treatment in 
accordance with the requirements of the Department; (2) suitable for fishing and the survival 
and propagation of a balanced indigenous aquatic community of fauna and flora; and (3) 
suitable also for industrial and agricultural uses. 

Table 5-42 North Carolina and South Carolina Water Classifications 

Waterbody Surface Water Classification Water Source for Alternative 
Lake James WS-V, B  
Lake Rhodhiss WS-IV, B, CA  
Lake Hickory WS-IV, B, CA  
Lookout Shoals Lake WS-IV, B, CA  
Lake Norman WS-IV, B, CA  
Mountain Island Lake WS-IV, B, CA Alternative 7 
Lake Wylie WS-V, B (NC) FW (SC)  
Catawba River Freshwater (FW) Alternative 6 
Fishing Creek Lake Freshwater (FW)  
Great Falls Reservoir Freshwater (FW)  
Cedar Creek Reservoir Freshwater (FW)  
Lake Wateree Freshwater (FW)  
 

The water quality regulations for each WS-IV classified waterbody include either a Critical Area 
or Protected Area. A Critical Area (CA) is an area adjacent to a water supply intake or reservoir 
where risk associated with pollution is greater than from the remaining portions of the 
watershed. A Protected Area is the area adjoining and upstream of the Critical Area in a WS-IV 
water supply in which protection measures are required. Previously referenced, Table 5-30, 
summarizes selected water quality criteria that are applicable to Class C, B, and WS waters in 
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North Carolina. Table 5-43 summarizes selected water quality criteria for freshwater (FW) in 
South Carolina. 

Table 5-43 Selected South Carolina Water Quality Criteria. Source: (SCDHEC, 2012) 

Parameter Freshwater   (FW) 
Temperature Free flowing shall not be increased more than 5oF (2.8oC) above 

natural temperature conditions and shall not exceed a maximum of 
90oF (32.2oC) 

Turbidity Not to exceed 50 NTUs provided existing uses are maintained.  
Dissolved Oxygen Daily average not less than 5.0 mg/l with a low of 4.0 mg/1. l 
pH Between 6.0 and 8.5 
 

No-Action Alternative 
Under the no action alternative, Union County would not be able to meet the water supply needs 
of its current and future residents, and the wholesale communities served by the County. This 
alternative is deficient because Union County’s current grandfathered IBT from the Catawba 
River Basin and the Anson County water supply are not capable of meeting the projected future 
demand within the Rocky River IBT Basin.  

As discussed in Section 2, water needs in Union County’s Yadkin River Basin Service Area are 
projected to continue increasing from their current levels through the Year 2050. The no-action 
alternative is not a viable option to meet Union County’s water needs. Therefore, Union County 
must secure a reliable water supply from other sources to meet its future demand in this service 
area. 

Direct Impacts 
The direct impacts of Alternatives 6 and 7 have been evaluated for their impacts to reservoir 
and river spatial withdrawals in the water column and water quality (DO and temperature). 
Generally, the results for all alternatives represent minimal impacts to current and future water 
quality of the Catawba River Basin due to the proposed Union County IBT.  

Water Intake Withdrawal Depth 
Union County proposes to site intake structures at three levels in the water column to withdraw 
water from the reservoir or river. Actual intake arrangements often vary by water utility, taking 
into consideration water quality and availability, site characteristics and constraints, as well as 
redundancy and contingency measures. Illustration 5-2, previously referenced, depicts a 
conceptual fixed intake layout, including three passive intake screens and two raw water intake 
lines. The intention of having multiple intakes at different elevations is to provide operational 
flexibility to respond to lake water quality issues that can vary throughout the year due to lake 
turnover, algae blooms, and naturally occurring weather events.  

Mountain Island Lake 

Mountain Island Lake is the sixth of eleven lakes that comprise the Catawba-Wateree 
Hydroelectric Project which stretches approximately 225 miles from the Town of Old Fort in the 
Blue Ridge Mountains of North Carolina to Lake Wateree, located east of Camden, South 
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Carolina. Mountain Island Lake is bordered by Lake Norman to the north, Mecklenburg County 
to the east, Lake Wylie to the south and Gaston and Lincoln Counties to the west. The average 
retention time of the lake is 11 days. Mountain Island Lake has a maximum depth at the dam of 
58.4 feet and an average depth of 17.7 feet. 

Because of the relatively shallow depths, short retention time, and weak thermal stratification, 
Mountain Island Lake is mixed thermally throughout much of its length. This, in turn, leads 
Mountain Island Lake to exhibit few signs of eutrophication which can cause nutrient enrichment 
in the lake which leads to DO depletion. Union County proposes to purchase finished water from 
Charlotte Water through the use of Charlotte Water’s Catawba River Pump Station in Mountain 
Island Lake. This alternative would utilize Charlotte Water’s existing facilities in the Catawba 
River Basin to serve Union County’s customers in the Rocky River IBT Basin of the Yadkin 
River Basin. Charlotte Water’s Catawba River Pump Station includes several raw water intakes. 
The primary intake at this facility includes a submerged channel and wetwell with four bar racks, 
traveling water screens and vertical suction pumps. There are multiple raw water mains 
associated with the facility including 54-inch, 60-inch, and 120-inch mains. Charlotte Water 
withdraws raw water primarily from one section of the water column but has the capability to 
withdraw from multiple sections of the water column. Therefore, water quality impacts from 
Alternative 7 would be negligible in Mountain Island Lake due to the fact water withdrawn from 
the reservoir experiences fairly similar water quality parameters throughout the entire water 
column. 

Catawba River 

Natural mixing of riverine water sources is typically sufficient to eliminate the need for intake 
structures at multiple elevations. However, Union County proposes to use multiple intakes for 
intake redundancy. Therefore, water quality impacts from Alternative 6 would be negligible in 
the Catawba River due to the fact that water would be withdrawn through multiple intakes 
ensuring water quality remains at its current levels.  

Summary 

No impacts to water quality due to intake depth in the water column are expected to occur under 
Alternatives 6 and 7. Under these Alternatives, the effects of the proposed water withdrawals on 
water quality are expected to be negligible because Mountain Island Lake and the Catawba 
River generally experience fairly similar water quality parameters throughout the entire water 
column.  

Dissolved Oxygen and Temperature 
Dissolved Oxygen (DO) is a measure of the amount of gaseous oxygen dissolved in an 
aqueous solution. Oxygen enters into water by diffusion from the surrounding air, by aeration or 
rapid movement, and as a waste product of photosynthesis. There are many factors which 
reduce water’s ability to hold oxygen. The amount of oxygen held depends greatly on the 
temperature of the water. As water temperature increases, DO concentrations in the water 
decreases. Other factors which influence DO concentrations are the levels of other solid, 
chemical, or gas compounds present in the water. Most deep reservoirs are typically thermally 
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stratified as a result of surface heating and wind mixing. Water temperature regulates biotic 
growth rates and life stages and defines fishery habitat (warm-, cool-, or cold-water).   

Water quality in the Catawba River Basin is generally good, especially in its forested upper 
reaches above the Catawba-Wateree Project (FERC No. 2232). Water quality varies from 
reservoir to reservoir, depending upon factors such as quality of the inflows, reservoir 
configuration, water retention time, and industrial and power plant withdrawals and discharges. 

Bridgewater (Lake James) 

The Bridgewater Development is the uppermost development in Duke Energy’s Catawba-
Wateree Hydroelectric Project at river mile (RM) 279.6 and includes three dams (Linville, Paddy 
Creek, and Catawba) that form Lake James. The 6,754-acre reservoir has a full pond elevation 
of 1,200 feet msl and a usable storage capacity of 57,349 acre-feet. Lake James has the best 
water quality within the Catawba River Basin chain of reservoirs. In 2007, DWQ sampled Lake 
James and determined surface water temperatures exceeded the state criterion for mountain 
lakes in the summer when air temperatures are high. Although nutrient concentrations in Lake 
James were elevated relative to other mountain lakes, and chlorophyll-a concentrations 
exceeded the state standard for trout waters on occasion, the lake had oligotrophic, low 
productivity conditions. 

Alternatives 6 and 7 do not propose to directly withdraw water from Lake James. However, 
Alternatives 6 and 7 would have the potential to indirectly affect water quality at Lake James as 
a result of withdrawing water from Mountain Island Lake (Alternative 7) or the Catawba River 
below Lake Wylie (Alternative 6), each downstream of Lake James.  

Based on the CHEOPS modeling and Elevation Exceedance Curves3, water withdrawals from 
the proposed alternatives were modeled to determine if reservoir elevation fluctuations would 
occur within Lake James. As a result, impacts from Alternatives 6 and 7 to reservoir elevations 
would be negligible under normal conditions. During drought conditions, Alternatives 6 and 7 
would cause minor to moderate impacts to reservoir elevations. These impacts to reservoir 
elevations were generally found to occur only 1-2 percent of the time.  However, under 
Alternative 7 during the Drought of Record, these impacts were modeled as occurring up to 9% 
of the time. Given the relatively small amount of time reservoir elevations would fluctuate and 
size of the reservoir, DO concentration and water temperature should remain at current levels a 
majority of the time. Therefore, Alternatives 6 and 7 would have minor impacts on DO 
concentration and water temperature in Lake James during drought condition due to reservoir 
elevation fluctuations only a small percentage of the time. 

Rhodhiss (Lake Rhodhiss) 

The Rhodhiss Development is located 32 RMs downstream from the Bridgewater Development 
at RM 248. The 2,724-acre reservoir (Lake Rhodhiss) has a full pond elevation of 995.1 feet msl 
and a usable storage capacity of 7,097 acre-feet. Lake Rhodhiss has enriched water quality 

3 See Appendix G, CD-3 for Elevation Exceedance Curves  
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conditions caused by nutrient loading from agricultural activities, urban runoff, and municipal 
discharges. In 2007, DWQ sampled Lake Rhodhiss and determined the lake showed elevated 
nutrient concentrations and was eutrophic resulting in high productivity conditions. 

Alternatives 6 and 7 do not propose to directly withdraw water from Lake Rhodhiss. However, 
Alternatives 6 and 7 would have the potential to indirectly affect water quality at Lake Rhodhiss 
as a result of withdrawing water from Mountain Island Lake (Alternative 7) or the Catawba River 
below Lake Wylie (Alternative 6), each downstream of Lake Rhodhiss.  

Based on the CHEOPS modeling and Elevation Exceedance Curves, water withdrawals from 
the proposed alternatives were modeled to determine if reservoir elevation fluctuations would 
occur within Lake Rhodhiss. As a result, Alternative 6 would cause minor impacts to reservoir 
elevations during normal and drought conditions whereas Alternative 7 would cause minor 
impacts only during drought conditions. Under both alternatives, minor impacts to reservoir 
elevations were found to occur only 1-2 percent of the time. Given the relatively small amount of 
time reservoir elevations would fluctuate, DO concentration and water temperature should 
remain at current levels a majority of the time. Therefore, Alternatives 6 and 7 would have minor 
impacts on DO concentration and water temperature in Lake Rhodhiss during drought 
conditions. Only Alternative 6 would have minor impacts during normal conditions. These minor 
impacts are a result of reservoir elevations fluctuating only a small percentage of the time. 

Oxford (Lake Hickory) 

The Oxford Development is located at RM 230.0 and includes the dam forming Lake Hickory. 
The 4,072-acre reservoir (Lake Hickory) has a full pond elevation of 935 feet msl and a usable 
storage capacity of 9,834 acre-feet. Lake Hickory has enriched water quality conditions caused 
by nutrient loading from agricultural activities, urban runoff, and municipal discharges. In 2007, 
DWQ sampled Lake Hickory and determined the lake had elevated nutrient concentrations and 
was eutrophic resulting in high productivity conditions. Lake Hickory had low to moderate 
nutrient and chlorophyll-concentrations. 

Alternatives 6 and 7 do not proposed to directly withdraw water from Lake Hickory. However, 
Alternatives 6 and 7 would have the potential to indirectly affect water quality at Lake Hickory as 
a result of withdrawing water from Mountain Island Lake (Alternative 7) or the Catawba River 
below Lake Wylie (Alternative 6), each downstream of Lake Hickory.  

Based on the CHEOPS modeling and Elevation Exceedance Curves, water withdrawals from 
the proposed alternatives were modeled to determine if reservoir elevation fluctuations would 
occur within Lake Hickory. As a result, Alternative 6 would cause minor impacts to reservoir 
elevations during normal and drought conditions whereas Alternative 7 would cause minor 
impacts to reservoir elevation only during drought conditions. Under both alternatives, minor 
impacts to reservoir elevations were found to occur only 1-2 percent of the time. Given the 
relatively small amount of time reservoir elevations would fluctuate, DO concentration and water 
temperature should remain at current levels a majority of the time. Therefore, Alternatives 6 and 
7 would have minor impacts on DO concentration and water temperature in Lake Hickory during 
drought conditions. Only Alternative 6 would have minor impacts during normal conditions. 
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These minor impacts are a result of reservoir elevation fluctuations only a small percentage of 
the time. 

Lookout Shoals (Lookout Shoals Lake) 

The Lookout Shoals Development is located at RM 220.3. The 1,155-acre reservoir (Lookout 
Shoals Lake) has a full pond elevation of 838.1 feet msl and a usable storage capacity of 2,138 
acre-feet. Lookout Shoals Lake has enriched water quality conditions caused by nutrient loading 
from agricultural activities, urban runoff, and municipal discharges. 

Alternatives 6 and 7 do not directly withdraw water from Lookout Shoals Lake. Under Union 
County’s IBT, Alternatives 6 and 7 would have the potential to indirectly affect water quality at 
Lookout Shoals Lake as a result of withdrawing water from Mountain Island Lake (Alternative 7) 
or the Catawba River below Lake Wylie (Alternative 6), each downstream of Lookout Shoals 
Lake.  

Based on the CHEOPS modeling and Elevation Exceedance Curves, water withdrawals from 
the proposed alternatives were modeled to determine if reservoir elevation fluctuations would 
occur within Lookout Shoals Lake. As a result, impacts from Alternatives 6 and 7 to reservoir 
elevations under normal conditions would be negligible. During drought conditions, Alternatives 
6 and 7 would cause minor impacts to reservoir elevations. These minor impacts to reservoir 
elevations were found to occur only 1-2 percent of the time. Given the relatively small amount of 
time reservoir elevations would fluctuate, DO concentration and water temperature should 
remain at current levels a majority of the time. Therefore, Alternatives 6 and 7 would have minor 
impacts on DO concentration and water temperature in Lookout Shoals Lake during drought 
conditions only due to reservoir elevation fluctuations only a small percentage of the time. 

Cowans Ford (Lake Norman) 

The Cowans Ford Development, the largest development in the Catawba-Wateree Hydroelectric 
Project, is located at RM 186.9, and forms Lake Norman (FERC, 2009). The 32,339-acre 
reservoir has a full pond elevation of 760 feet msl and a usable storage capacity of 298,142 
acre-feet. Lake Norman has historically experienced good water quality conditions. However, in 
the summer of 2004, low concentrations of DO resulted in fish kills within the lake, totaling 2,500 
striped bass (FERC, 2009). North Carolina DWQ concluded that the fish were trapped in the low 
DO waters of the hypolimnion during thermal stratification of the lake. In 2007, DWQ sampled 
Lake Norman and concluded the following:  (1) elevated concentrations of nitrate nitrogen; (2) 
low concentrations of other nutrients; (3) moderate to low concentrations of chlorophyll-a; and 
(4) oligotrophic, low productivity conditions. 

Alternatives 6 and 7 do not propose to directly withdraw water from Lake Norman. However, 
Alternatives 6 and 7 would have the potential to indirectly affect water quality at Lake Norman 
as a result of withdrawing water from Mountain Island Lake (Alternative 7) or the Catawba River 
below Lake Wylie (Alternative 6), each downstream of Lake Norman.  

Based on the CHEOPS modeling and Elevation Exceedance Curves, water withdrawals from 
the proposed alternatives were modeled to determine if reservoir elevation fluctuations would 
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occur within Lake Norman. As a result, impacts from Alternatives 6 and 7 to reservoir elevations 
under normal conditions would be negligible. During drought conditions, Alternatives 6 and 7 
would cause minor impacts to reservoir elevations. These minor impacts to reservoir elevations 
were found to occur only 1-2 percent of the time. Given the relatively small amount of time 
reservoir elevations would fluctuate, DO concentration and water temperature should remain at 
current levels a majority of the time. Therefore, Alternatives 6 and 7 would have minor impacts 
on DO concentration and water temperature in Lake Norman during drought conditions due to 
reservoir elevation fluctuations only a small percentage of the time. 

Mountain Island (Mountain Island Lake) 

The Mountain Island Development is located at RM 171.5. The 3,117-acre reservoir (Mountain 
Island Lake) has a full pond elevation of 647.5 feet msl and a usable storage capacity of 10,146 
acre-feet. Mountain Island Lake is one of the most monitored lakes in the southeastern United 
States. The following groups currently have routine monitoring programs on Mountain Island 
Lake: (1) Mecklenburg County Water Quality Program; (2) NCDENR; and (3) Duke Energy. The 
Mecklenburg County Department of Environmental Protection uses the Fusilier Water Quality 
Index (WQI) to summarize reservoir water-quality conditions (Fusilier, 1982). The WQI ranges 
from 0 (worst value) to 100 (best value) and is computed from measurements of pH, TP, nitrate 
(NO3), alkalinity, chlorophyll a, percent saturation of DO, temperature, specific conductance, 
and Secchi disk depth. Generally, water quality conditions in Mountain Island Lake are ranked 
as Good to Excellent. However, since January 1993, WQI values in the Poor/Fair range have 
been reported in McDowell Creek Cove of Mountain Island Lake in Mecklenburg County. In 
August 2004, WQI values dropped to their lowest at Fair in Nance Cove in Mecklenburg County. 
Both of these coves have experienced significant development activities in the past 5 to 10 
years. The other monitoring sites on Mountain Island Lake maintain Good to Excellent WQI 
values.  

Water quality in Mountain Island Lake is highly influenced by the discharge from the Cowans 
Ford Development (Lake Norman). Consequently, DO concentrations in the Mountain Island 
tailrace also are below 4 mg/l only 1 percent of the time from May through November. Mountain 
Island Lake discharges directly into Lake Wylie and has a short 0.6-mile bypassed reach. 
Between May and November the daily average DO concentrations typically meet water quality 
standards approximately 87 percent of the time. There is no supplemental aeration capability at 
the Mountain Island powerhouse. 

Alternative 7 proposes to directly withdraw water from Mountain Island Lake, whereas 
Alternative 6 would not withdraw water directly from this lake, but rather from the Catawba River 
below Lake Wylie, which is downstream of Mountain Island Lake. However, Alternative 6 has 
the potential to indirectly affect water quality, and Alternative 7 has the potential to directly affect 
water quality at Mountain Island Lake.  

Based on the CHEOPS modeling and Elevation Exceedance Curves, water withdrawals from 
the proposed alternatives were modeled to determine if reservoir elevation fluctuations would 
occur within Mountain Island Lake. As a result, impacts from Alternatives 6 and 7 to reservoir 
elevations under normal conditions would be negligible. During drought conditions, alternatives 
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6 and 7 would cause minor impacts to reservoir elevations. These minor impacts to reservoir 
elevations were found to occur only 1-2 percent of the time. Given the relatively small amount of 
time reservoir elevations would fluctuate, DO concentration and water temperature should 
remain at current levels a majority of the time. Therefore, Alternatives 6 and 7 would have minor 
impacts on DO concentration and water temperature in Mountain Island Lake during drought 
conditions due to reservoir elevation fluctuations only a small percentage of the time. 

Wylie (Lake Wylie) 

The Wylie Development is located at RM 143.5. The 12,177-acre reservoir (Lake Wylie) has a 
full pond elevation of 569.4 feet msl and a usable storage capacity of 40,145 acre-feet. Lake 
Wylie is experiencing localized sedimentation and nutrient enrichment in the Crowders Creek 
and Catawba Creek arms of the lake. Lake Wylie is not currently considered impaired for 
nutrients in South Carolina. South Carolina lists Lake Wylie as impaired for recreation due to 
fecal coliform levels and copper. In 2007, DWQ sampled Lake Wylie and determined the 
following: (1) elevated nutrient concentrations; (2) mild to severe algal blooms throughout the 
summer; and (3) eutrophic, high productivity conditions. In 2008, SCDHEC listed Lake Wylie as 
impaired as a result of fecal coliform and copper levels. 

Alternatives 6 and 7 do not propose to directly withdraw water from Lake Wylie. However, 
Alternatives 6 and 7 would have the potential to indirectly affect water quality at Lake Wylie as a 
result of withdrawing water from the upstream Mountain Island Lake (Alternative 7) or the 
Catawba River (Alternative 6) downstream of Lake Wylie.  

Based on the CHEOPS modeling and Elevation Exceedance Curves, water withdrawals from 
the proposed alternatives were modeled to determine if reservoir elevation fluctuations would 
occur within Lake Wylie. As a result, impacts from Alternatives 6 and 7 to reservoir elevations 
under normal conditions would be negligible. During drought conditions, Alternatives 6 and 7 
would cause minor impacts to reservoir elevations. These minor impacts to reservoir elevations 
were found to occur only 1-2 percent of the time. Given the relatively small amount of time 
reservoir elevations would fluctuate, DO concentration and water temperature should remain at 
current levels a majority of the time. Therefore, Alternatives 6 and 7 would have minor impacts 
on DO concentration and water temperature in Lake Wylie during drought conditions due to 
reservoir elevation fluctuations only a small percentage of the time. 

Fishing Creek (Fishing Creek Lake) 

The Fishing Creek Development is located at RM 104.0. The 3,431-acre reservoir (Fishing 
Creek Lake) has a full pond elevation of 417.2 feet msl and a usable storage capacity of 11,159 
acre-feet. In 2008, SCDHEC listed Fishing Creek Lake as impaired due to total nitrogen, total 
phosphorus, ammonia, chlorophyll-a, and pH. 

Alternatives 6 and 7 do not propose to directly withdraw water from Fishing Creek Lake. 
However, Alternatives 6 and 7 would have the potential to indirectly affect water quality at 
Fishing Creek Lake as a result of withdrawing water from the Mountain Island Lake (Alternative 
7) or the Catawba River (Alternative 6) upstream of Fishing Creek Lake.  
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Based on the CHEOPS modeling and Elevation Exceedance Curves, water withdrawals from 
the proposed alternatives were modeled to determine if reservoir elevation fluctuations would 
occur within Fishing Creek Lake. As a result, impacts from Alternatives 6 and 7 to reservoir 
elevations under normal or drought conditions would be negligible. Therefore, impacts from 
Alternatives 6 and 7 on DO concentration and water temperature would be negligible in Fishing 
Creek Lake because reservoir elevations would not fluctuate. 

Great Falls/Dearborn (Great Falls Reservoir) 

The Great Falls and Dearborn Developments are located at RM 101.5, only 3 miles downstream 
from the Fishing Creek dam. The 353-acre reservoir (Great Falls Reservoir) has a full pond 
elevation of 355.8 feet msl and a usable storage capacity of 1,966 acre-feet. In 2008, SCDHEC 
listed Great Falls Reservoir as impaired as a result of total nitrogen, total phosphorus, and 
turbidity. 

Alternatives 6 and 7 do not propose to directly withdraw water from Great Falls Reservoir. 
However, Alternatives 6 and 7 would have the potential to indirectly affect water quality at Great 
Falls Reservoir as a result of withdrawing water from Mountain Island Lake (Alternative 7) or the 
Catawba River below Lake Wylie (Alternative 6), each upstream of Great Falls Reservoir.  

Based on the CHEOPS modeling and Elevation Exceedance Curves, water withdrawals from 
the proposed alternatives were modeled to determine if reservoir elevation fluctuations would 
occur within Great Falls Reservoir. As a result, impacts from Alternatives 6 and 7 to reservoir 
elevations under normal or drought conditions would be negligible. Therefore, Alternatives 6 and 
7 would have only negligible impacts on DO concentration and water temperature in Great Falls 
Reservoir because reservoir elevations would not fluctuate. 

Rocky Creek/Cedar Creek (Cedar Creek Reservoir) 

The Rocky Creek and Cedar Creek Developments are located at RM 99.3 immediately 
downstream of the Great Falls and Dearborn Developments. The 748-acre reservoir (Cedar 
Creek Reservoir) has a full pond elevation of 284.4 feet msl and a usable storage capacity of 
2,190 acre-feet. Cedar Creek Reservoir is classified as impaired due to high total phosphorus, 
total nitrogen, chlorophyll a and turbidity levels, and low DO. In 2008, SCDHEC listed Cedar 
Creek Reservoir as impaired as a result of DO, total nitrogen, total phosphorus, chlorophyll-a, 
turbidity, and copper. 

Alternatives 6 and 7 do not propose to directly withdraw water from Cedar Creek Reservoir. 
However, Alternatives 6 and 7 would have the potential to indirectly affect water quality at Cedar 
Creek Reservoir as a result of withdrawing water from Mountain Island Lake (Alternative 7) or 
the Catawba River below Lake Wylie (Alternative 6), each upstream of Cedar Creek Reservoir.  

Based on the CHEOPS modeling and Elevation Exceedance Curves, water withdrawals from 
the proposed alternatives were modeled to determine if reservoir elevation fluctuations would 
occur within Cedar Creek Reservoir. As a result, impacts from Alternatives 6 and 7 to reservoir 
elevations under normal or drought conditions would be negligible. Therefore, Alternatives 6 and 
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7 would have only negligible impacts on DO concentration and water temperature in Cedar 
Creek Reservoir because reservoir elevations would not fluctuate. 

Wateree (Lake Wateree) 

The Wateree Development is located at RM 76.9. The 13,025-acre reservoir (Lake Wateree) 
has a full pond elevation of 225.5 feet msl and a usable storage capacity of 65,568 acre-feet. 
Lake Wateree is classified as impaired due to high total phosphorus, chlorophyll a. and pH 
levels. Lake Wateree receives high concentrations of nutrients and organic matter and low 
concentrations of DO from the Cedar Creek Reservoir. Fishing Creek Lake, Great Falls 
Reservoir, and Cedar Creek Reservoir have short retention times with limited internal 
processing of pollutant loads resulting in the majority of the nutrient loads to Lake Wateree 
originating upstream of Fishing Creek Lake. Typically higher pollutant loads lead to higher algae 
concentrations which cause lower DO concentrations. In 2008, SCDHEC listed Lake Wateree 
as impaired as a result of DO, total phosphorus, chlorophyll-a, turbidity, and pH. 

Alternatives 6 and 7 do not propose to directly withdraw water from Lake Wateree. However, 
Alternatives 6 and 7 would have the potential to indirectly affect water quality at Lake Wateree 
as a result of withdrawing water from the Mountain Island Lake (Alternative 7) or the Catawba 
River below Lake Wylie (Alternative 6), each upstream of Lake Wateree.  

Based on the CHEOPS modeling and Elevation Exceedance Curves, water withdrawals from 
the proposed alternatives were modeled to determine if reservoir elevation fluctuations would 
occur within Lake Wateree. As a result, impacts from Alternatives 6 and 7 to reservoir elevations 
under normal or drought conditions would be negligible. Therefore, impacts from Alternatives 6 
and 7 on DO concentration and water temperature in Lake Wateree would be negligible 
because reservoir elevations would not fluctuate. 

Catawba River 

The Catawba River between Lake Wylie and Fishing Creek Reservoir is a riverine section 
approximately 26 miles long. Water releases from Lake Wylie are primarily controlled for the use 
of power generation. The major influence on DO concentrations and water temperatures in this 
section of the Catawba River come from upstream impoundments and water releases. The 
Wylie Development releases water with DO concentrations below 4 mg/l, 29 percent of the time 
from May through November. DO concentrations may remain below 4 mg/l for up to 6 miles 
below Lake Wylie, after which it improves because of re-aeration and photosynthesis by aquatic 
plants. Generally, DO concentrations in this stretch of the Catawba River are frequently out of 
compliance with South Carolina water quality standards. 

As previously noted, run-of-river intakes differ from reservoir intakes because they are designed 
to operate within a wide range of river levels. The intakes need to be designed with additional 
considerations for protection of facility from debris and sediment, fish entrainment, operation 
during flooding or drought conditions, etc. Generally, these intakes do not alter river elevation 
levels unless the river is shallow. Water withdrawals from the Catawba River at the site of Union 
County’s existing Joint Venture with Lancaster County, SC at the CRWSP (Alternative 6) should 
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not affect river levels based on the river’s current topography. Alternative 6 ensures the 
Catawba River will maintain its natural riverine characteristics (i.e. run-of-river) which allows for 
current water quality levels to remain relatively constant. Additionally, Alternative 6 water 
demands would necessitate only a small proportion of the total water within the Catawba River 
be withdrawn at this location. Therefore, water quality impacts from Alternative 6 within the 
Catawba River would be negligible. The only impacts to water quality identified from Alternative 
6 are indirect and minor in Lake James, Lake Rhodhiss, and Lake Hickory during normal 
conditions. During drought conditions, Alternative 6 results in minor impacts on the previously 
mentioned reservoirs and, additionally, Lookout Shoals Lake, Mountain Island Lake, Lake 
Norman, and Lake Wylie. 

Summary 

Direct impacts from Alternatives 6 and 7 to source waterbody elevations during normal 
conditions would be negligible, which would ensure water quality within the source waterbodies 
(i.e. Mountain Island Lake and the Catawba River below Lake Wylie) are not adversely affected. 
Only during drought conditions were reservoir elevation impacts identified through the CHEOPS 
modeling for Mountain Island Lake. However, Alternatives 6 and 7 may have indirect impacts on 
other reservoir elevations which would result in minor impacts to water quality under normal and 
drought conditions. The reservoirs that would have minor indirect impacts from Alternatives 6 
and 7 include: (1) Lake James; (2) Lake Rhodhiss; (3) Lake Hickory; (4) Lookout Shoals Lake; 
(5) Lake Norman; and (6) Lake Wylie. Impacts from Alternatives 6 and 7 are negligible on 
Fishing Creek Lake, Cedar Creek Reservoir, and Lake Wateree during normal and drought 
conditions. Therefore, Alternatives 6 and 7 would likely result in greater adverse impacts on 
receiving water bodies than on source water-bodies. As indicated through the water quantity 
modeling, impacts from Alternatives 6 and 7 to reservoir or river elevations in source water-
bodies were negligible, but the water withdrawals of both alternatives caused minor impacts to 
upstream and downstream reservoirs elevation levels, which could lead to potential water 
quality affects within those non-source waterbodies. Table 5-44 provides a summary indicating 
the impacts during normal and drought conditions for Alternatives 6 and 7. 
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Table 5-44 Summary of Impacts to Water Quality During Drought Conditions for Alternatives 6 and 7. 
(Source: Staff, November 2014) 

Waterbody Normal Conditions Drought Conditions 
Alternative 6 Alternative 7 Alternative 6 Alternative 7 

Lake James - - MI MI 
Lake Rhodhiss MI - MI MI 
Lake Hickory MI - MI MI 
Lookout Shoals Lake - - MI MI 
Lake Norman - - MI MI 
Mountain Island Lake - - MI MI 
Lake Wylie - - MI MI 
Fishing Creek Lake - - - - 
Great Falls Reservoir - - - - 
Cedar Creek Reservoir - - - - 
Lake Wateree - - - - 
Catawba River - - - - 
“-” = Negligible Impact“; MI” = Minor Impact; “MO” = Moderate Impact; “MA” = Major Impact 

5.12.4. Groundwater 

5.12.4.1. COMMON ELEMENTS TO ALTERNATIVES 
Temporary direct impacts to groundwater may occur as a result of construction of any of the 
alternatives. Excavation of the trench and pit for the installation of the proposed transmission 
line and pump station elements, respectively, may result in groundwater being encountered and 
therefore impacted during construction. The temporary direct impacts to groundwater are 
anticipated to be negligible and adverse. With the exception of Alternatives 4, 5, and 8, no 
permanent direct impacts to groundwater will occur from the alternatives. 

5.12.4.2. ALTERNATIVE 4 
Alternative 4 includes an optional array of Ranney wells. If the wells are implemented for the 
alternative, additional direct impacts to groundwater are anticipated to occur. The effects on 
private or community groundwater wells that may be in the vicinity of the proposed Ranney 
wells are also unknown at this time. If the Ranney well option is selected for Alternative 4, the 
groundwater table is anticipated to be lowered. Hydraulic and hydrologic modeling to assess the 
magnitude of the impacts will be performed if this alternative is selected. The impacts are 
expected to be permanent, adverse, and moderate.  

5.12.4.3. ALTERNATIVE 5 
Alternative 5 includes either a low-head dam or a small array of Ranney wells in the Rocky 
River. Each option for ensuring adequate yield of raw water from the river will have different 
effects on groundwater in the area. Each option is discussed separately as follows. 

If the low-head dam option is selected for Alternative 5, the resulting effect on groundwater will 
extend upstream from the dam and landward of the river banks. The impacts will result from the 
rise in surface water in the river, which is expected to result in a rise in the water table adjacent 
to the river. The landward extent of the alteration of groundwater depths and volume is unknown 
at this time. If the low-head dam option is selected for Alternative 5, modeling of groundwater 
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and the effects of the dam would be conducted. The impacts are expected to be permanent and 
adverse. The intensity of the impacts would be determined by the hydraulic and hydrologic 
modeling if the option is chosen. 

If the Ranney well option is selected for Alternative 5, the effect will be a lowering of the 
groundwater table. The extent of the impact is not known at this time. Hydraulic and hydrologic 
modeling would be conducted to assess the magnitude of the impacts of the Ranney well 
option, if selected. The impacts are expected to be permanent, adverse, and moderate.  

5.12.4.4. ALTERNATIVE 8 
Alternative 8 includes the development of a groundwater extraction well field consisting of up to 
1,295 wells and ultimately producing approximately up to 28 mgd of raw water. The well field will 
cover an area up to 37 square miles in order to yield the required volume of water. The portion 
of Union County selected for the well field does not currently have water and sewer service. 
Therefore, the residents and businesses in the proposed well field area rely on private and 
community groundwater wells, which will be adversely affected by the development and 
operation of the proposed well field. Additionally, operation of the proposed well field is 
expected to result in a significant reduction in the availability of groundwater for non-extraction 
related uses, including groundwater discharge into streams and wetlands. Although the precise 
calculation of impacts due to the implementation of Alternative 8 would require hydraulic and 
hydrologic modeling, the impacts of the alternative are anticipated to be permanent, adverse, 
major, and direct.  

5.12.4.5. NO-ACTION ALTERNATIVE 
The No-Action Alternative involves no excavation or withdrawal of groundwater. Therefore, 
existing groundwater resources will not be affected by the implementation of the No-Action 
Alternative. Growth and development in the service area is expected to occur even with 
implementation of the No-Action Alternative. Additional use of groundwater will occur and minor 
indirect and cumulative impacts to groundwater due to growth and development are anticipated 
to occur. 

5.13. Shellfish or Fish and Their Habitats  
5.13.1. Common Elements of Alternatives 
The transmission line corridors associated with the project alternatives include open cut 
crossings of several rivers and streams that provide habitat to shellfish and fish, although the 
number of crossings and the streams crossed will vary by alternative (Tables 5-8 and 4-16, 
respectively). Woody vegetation is anticipated to be removed from streamside areas to 
accommodate the proposed project, although the area of riparian disturbance will be reduced to 
the extent practicable. Construction activities associated with the raw water intakes in Lake 
Tillery, Tuckertown Reservoir, Narrows Reservoir (Badin Lake), Blewett Falls Lake, Pee Dee 
River and Rocky River, the low-head dam in Rocky River, and the discharge transmission line 
into Lake Tillery associated with various alternatives will also require disturbance of stream 
banks and channel substrates. The proposed effluent discharge into Lake Tillery associated 
with Alternative 11 and its effect on water quality are discussed in Section 5.12.2. 
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Proposed construction activities will involve land disturbance in the project footprints. Therefore, 
the potential for erosion and sedimentation may increase during construction. Erosion and 
sedimentation may carry soils, toxic compounds, trash, and other materials into the aquatic 
communities. Erosion control during construction will be important to minimize direct impacts to 
streams during construction. Quick re-vegetation of disturbed areas will reduce the impacts by 
supporting the underlying soils. An Erosion and Sediment Control Plan will be developed and 
implemented during construction associated with the proposed alternative. Implementation of 
BMPs and further precautionary measures during construction of the proposed project will 
minimize adverse impacts to fish and shellfish. 

Transmission line installation is anticipated to have indirect and direct, minor, temporary impacts 
to fish species within and downstream of the project areas during construction activities for all 
alternatives except Alternative 7 and WTP A. No permanent impacts to fish and shellfish within 
and downstream of the project areas are anticipated to occur relative to pipe installation. No 
permanent direct impacts to shellfish or their habitats will occur from the pump stations and 
access roads from the project. Impacts are not included for WTP sites since the location and 
footprint of the infrastructure is not known; however, the impacts are anticipated to be negligible. 

Anadromous fish spawning areas are not located within the project areas. Five species of 
sunfish have been identified in some of the streams in the project areas. Construction moratoria 
have been imposed in response to the presences of this species. Instream work may be subject 
to construction moratoria associated with the sunfish or other fish species.  

Permanent impacts to fish and shellfish will occur from the raw water intakes and the Alternative 
5 low-head dam. Impingement of ichthyoplankton and entrainment of young-of-the-year fish are 
anticipated relative to the raw water intakes. However, construction of the raw water intakes for 
this project will be in compliance with Federal Energy Regulatory Commission (FERC) and 
Duke Energy design requirements passive intake screens, including opening sizes and 
maximum intake velocity, to minimize impingement and entrainment of aquatic life. Construction 
of a low-head dam in the Rocky River will restrict upstream movement of aquatic organisms, 
modify the substrate and habitat composition adjacent to the dam, and alter the instream habitat 
of the area inundated by the increase in water level. Direct, indirect, temporary and permanent 
impacts to fish and shellfish are anticipated to be minor in proximity of the raw water intakes, the 
low-head dam associated with Alternative 5, and the discharge associated with Alternative 11. 

Indirect and cumulative impacts to aquatic habitats may occur from growth in the service area. 
The anticipated growth and associated development may cause increased erosion, 
sedimentation, and stormwater runoff. The inputs of sediment and runoff from development may 
result in loss, fragmentation, or degradation of aquatic and terrestrial species and their habitats. 
As a result, a decline in water quality, aquatic resources, fisheries, and wetlands in the service 
area may occur. Indirect or cumulative impacts are anticipated to be minor. 

5.13.2. Common Elements of Alternatives 2A, 2B, 3A, 4, 7, and 11 
Occurrences of American eel and Carolina darter are known to occur in Lanes Creek, which 
would be crossed by the transmission line corridors for Alternatives 2A and 2B. Occurrences of 
Carolina creekshell are known in Big Bear Creek, which is also traversed by the Alternative 2A 
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and 2B transmission line corridors. Carolina darter and Carolina creekshell are known to occur 
in Richardson Creek, which is crossed by the Alternative 3A, 4, and 11 transmission line 
corridors. Occurrences of Carolina creekshell are also known to exist in several streams that are 
crossed by the Alternative 7 transmission line corridor. Seven occurrences of the endangered 
Carolina heelsplitter are known to occur within several streams that are traversed by the 
Alternative 7 transmission line corridor. 

5.13.3. No-Action Alternative 
The No-Action Alternative will not directly impact shellfish or fish and their habitats. Regardless 
of the alternative selected for the project, growth in the project service area is anticipated and 
planned. Minor indirect and cumulative impacts are expected to occur from development 
activities associated with anticipated and planned growth. 

5.14. Forest Resources   

5.14.1. Common Elements of Alternatives 
Impacts to forest resources have the potential to occur as a result of vegetative clearing 
required during construction of each alternative. The forest resources of the project area are 
comprised of several community types. Mixed hardwood and pine species of varying age are 
present throughout the project areas. Tracts of forested areas that contain varying ages of pine 
species planted and managed for timber production are also present. The temporary and 
permanent direct impacts to forest resources are summarized in Table 5-45. The acreages 
provided represent an estimate of forested areas based on aerial review of project areas located 
in South Carolina and data obtained from DFR’s Important Forest Lands mapping.  

Trees will be removed to allow access for construction equipment and activities. The impact to 
forest resources varies among the project alternatives due to variations in the project corridor 
locations. The majority of the transmission line corridors associated with the individual 
alternatives are located along existing maintained roadway easements, which minimizes the 
clearing required for pipe installation.  

Temporary and permanent impacts associated with the WTP sites are not known at this time as 
the location of required infrastructure associated with the WTPs has not been determined. 
Portions of the pump station and access road sites contain forested areas. Cleared areas 
associated with the WTP sites and pump stations will be minimized to the extent feasible such 
that removal of vegetation is limited to the area necessary to accommodate proposed 
infrastructure and the construction and installation. The indirect impacts and cumulative effect of 
direct impacts due to land clearing for construction and access in addition to the impacts due to 
future development are anticipated to be minor for the project alternatives. 
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Table 5-45 Important Forest Lands per Alternative 

Alternative Transmission 
Line Corridor, 
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Pump Station, 
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Access Road, 
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1A 130 11 ---- ---- ---- ---- 130 11 
1B 226 18 ---- ---- ---- ---- 226 18 
2A 129 1 ---- ---- ---- ---- 129 1 
2B 126 9 ---- <0.5 1 <1 127 9 
3A 325 27 ---- <0.5 <1 <0.5 326 27 

3B 2 116 3 ---- <0.5 <1 <0.5 117 3 
4 121 11 ---- <0.5 ---- ---- 121 11 
5 4 <0.5 ---- ---- ---- ---- 4 <0.5 

6 2 56 7 ---- ---- ---- ---- 56 7 
7 34 3 ---- ---- ---- ---- 34 3 

8 2 14 1 ---- ---- ---- ---- 14 1 
11 163 13 ---- ---- ---- ---- 163 13 

WTP A 2 ---- ---- ---- ---- ---- ---- ---- ---- 
WTP B 2 18 1 ---- ---- ---- ---- 18 1 
WTP C 2 27 2 ---- ---- ---- ---- 27 2 

1 Metrics are not included if the access road is located in a transmission line corridor. 
2 Impacts are not included for WTP sites or well sites since the location and footprint of the infrastructure is not 
known. 
 

5.14.2. No-Action Alternative 
The No-Action Alternative will not directly impact forest resources. Regardless of the alternative 
selected for the project, growth in the project service area is anticipated and planned. Indirect 
and cumulative impacts are expected to occur from development activities associated with 
anticipated and planned growth. 

5.15. Wildlife and Natural Vegetation 

5.15.1. Wildlife Habitat and Resources  

5.15.1.1. COMMON ELEMENTS OF ALTERNATIVES 
Each of the proposed alternatives includes installation of subsurface pipes. Most of the 
alternatives include construction of an access road and pump station, and a WTP. Construction 
of transmission lines will have direct impacts on current terrestrial habitats during the 
construction period. Construction of access roads, pump stations, and WTPs will have direct, 
permanent impacts on existing terrestrial habitats. The amount and type of impacted habitat for 
the alternatives varies based on the land cover community types associated with each project 
area. The two major land use community types in the project areas are disturbed lands and 
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forested areas. Disturbed lands include roadway easements, existing utility easements, land 
used for agriculture or pastureland, and lands developed for residential, commercial, 
institutional, and industrial purposes. Forested communities are areas dominated by mature, 
undisturbed wooded vegetation.   

The land use community type associated with the location of the proposed alternatives may be 
used to compare each alternative’s direct impact on wildlife habitat. Construction activities that 
take place on disturbed lands are anticipated to have less impact on wildlife habitat than 
construction in forested areas. The approximate percentage of forested land area affected by 
construction activities provides a basis to compare the estimated wildlife habitat impacts among 
the alternatives. Forested land associated with the transmission line corridor, pump station, and 
access roads for each alternative is summarized in Table 5-10. All of the WTP sites associated 
with the project alternatives contain areas that are forested. 

Temporary, minor, direct impacts to wildlife and vegetation have the potential to occur as a 
result of all alternatives. Impacts to terrestrial habitats and resources will occur during 
construction activities associated with all of the proposed project alternatives. Temporary 
fluctuations of terrestrial species are anticipated during construction activities. Slow moving, 
burrowing, and/or subterranean organisms will be directly impacted by construction activities, 
while mobile organisms will be displaced to adjacent communities. Negligible, direct, permanent 
impacts to terrestrial habitat or resources will occur from implementation of any of the 
alternatives from loss or change in habitat. Permanent impacts to protected species may also 
occur if present within the footprint of proposed structures and paved areas. The indirect 
impacts and cumulative effect of direct impacts to wildlife habitat and resources from 
construction and access in addition to the impacts due to future development are anticipated to 
be minor for the project alternatives.  

5.15.1.2.  NO-ACTION ALTERNATIVE 
Direct adverse impacts to wildlife habitat and resources will not occur from implementation of 
the No-Action Alternative. Indirect and cumulative impacts associated with the No-Action 
Alternative are anticipated to occur from development activities associated with anticipated and 
planned growth in the service area. Indirect and cumulative impacts to wildlife habitat and 
resources due to development in the service area will include temporary impacts during 
construction activities and permanent impacts from conversion of presently undisturbed, 
forested land.  

5.15.2. Rare and Protected Species or Habitats 
Two federally listed species are documented within a two-mile radius of the project areas 
associated with the alternatives. The potential availability of suitable habitat for the federally 
listed species and FSCs was assessed based on review of published data, including aerial 
photography, NRCS soils mapping, USGS topographic quadrangles, NWI maps, and FEMA 
FIRMs.  Based on the review of the published data relative to the project areas associated with 
the alternatives, habitat for numerous federally listed species and FSCs was determined to likely 
be available within the footprint of the various elements of the proposed alternatives. A 
discussion of which alternatives are within a two-mile radius of a documented population and 
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which alternative elements potentially contain habitat for listed species are summarized in Table 
5-11. A discussion of the potential effects on documented species populations are discussed in 
the following subsections.  

If a population of a federally protected species is found to be present in a project area 
associated with the selected alternative, USFWS and NCWRC will be contacted to confirm the 
species identification and extent of the population. Union County will coordinate with the 
agencies to identify measures to avoid impacting the species. If impacts to the species cannot 
be entirely avoided, then efforts to minimize the remaining impacts will be identified.  

Additionally, USFWS is currently implementing a moratorium on tree cutting from May 15 
through August 15 to protect the northern long-eared bat when the young are born and 
preparing to fledge. As the northern long-eared bat is listed in Mecklenburg and Stanly counties, 
the moratorium applies to only the portions of the proposed project alternatives that are located 
in the two counties. No roost trees or hibernacula are currently known to occur in Mecklenburg 
or Stanly County; however, the moratorium applies due to the listing of the species as 
potential/probable in the two counties. 

Impacts to species habitat are likely to occur during construction of the proposed project and are 
anticipated to be minor. Impacts to habitat may be adverse or beneficial due to clearing wooded 
areas and the creation of new forest edges and new herbaceous or scrub-shrub areas in the 
proposed utility easement. The changes may eliminate habitat for some species while creating 
or expanding habitat for other species. During construction activities, temporary fluctuations of 
protected species are possible. Slow moving, burrowing, and/or subterranean organisms may 
be directly impacted by construction while mobile organisms will be displaced to adjacent 
communities during construction. Future growth and development in the service area may result 
in indirect and cumulative impacts to federally protected species and their habitat. The indirect 
impacts and cumulative effect of direct impacts to rare and protected species or habitats for 
construction and access in addition to the impacts due to future development are anticipated to 
be minor for the project alternatives.  

5.15.2.1. ALTERNATIVE 1A 
Habitat appears to be available within the water main corridor of Alternative 1A for twelve 
Federal Species of Concern (FSC), two candidate species, one endangered species, and one 
species protected under the Bald and Golden Eagle Protection Act (BGPA). The endangered 
species is Michaux’s sumac, and the BGPA-protected species is the bald eagle. Populations of 
Septima’s clubtail, robust redhorse, and Piedmont aster (FSC species) have been documented 
within a two-mile radius of the water main corridor. Habitat is likely present within the access 
road and pump station areas for one candidate species, Georgia aster, and two FSCs. Habitat 
for six FSCs appears to be available at the proposed raw water intake site. The aforementioned 
tree-cutting moratorium to protect the northern long-eared bat is expected to apply to the portion 
of Alternative 1A that is located within Stanly County. Surveys for Michaux’s sumac in areas of 
appropriate habitat within the construction footprint of the Alternative 1A water main corridor will 
be performed prior to construction if Alternative 1A is selected for implementation.  
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5.15.2.2. ALTERNATIVE 1B 
Habitat appears to be available within the water main corridor of Alternative 1B for thirteen 
FSCs, two candidate species, one threatened species, one endangered species, and a BGPA-
protected species. Michaux’s sumac is federally endangered, and the bald eagle is protected 
under the BGPA. Of the thirteen FSCs for which habitat is likely available in the water main 
corridor, populations of three FSC species (i.e., Septima’s clubtail, robust redhorse, and 
Piedmont aster) are documented within a two-mile radius of the water main corridor. The access 
road and pump station areas of Alternative 1B contain potentially suitable habitat for one 
candidate species, Georgia aster, and two FSC species. Habitat may be available at the intake 
site for six FSC species. The aforementioned tree-cutting moratorium to protect the northern 
long-eared bat is expected to apply to the portion of Alternative 1B that is located within Stanly 
County. Surveys for Michaux’s sumac in areas of suitable habitat within the construction 
footprint of the water main corridor will be performed prior to construction if Alternative 1B is 
selected for implementation.  

5.15.2.3. ALTERNATIVES 2A AND 2B 
Habitat is potentially available within the water main corridors for Alternatives 2A and 2B for 
thirteen FSC, two candidate species, one threatened species, one endangered species, and 
one species protected under the BGPA. Populations of four FSC species, including Carolina 
darter, Carolina creekshell, Septima’s clubtail, robust redhorse, and Piedmont aster, have been 
documented within a two-mile radius of the water main corridor. The documented location of the 
population of Carolina darter is in Long Creek, and the populations of Carolina creekshell in 
proximity to the water main corridor are in Riles Creek, Curl Tail Creek and a UT thereto, Stony 
Run, and Big Bear Creek. 

Habitat appears to be present within the access road and pump station areas for one candidate 
species, the bald eagle, and two FSC species. Habitat for six FSC species and the bald eagle is 
likely available at the proposed raw water intake site. Numerous populations of the bald eagle 
are documented within Yadkin River and Narrows Reservoir (Badin Lake) within a two-mile 
radius of the access road, pump station, and intake areas of the Alternatives 2A and 2B project 
areas. The aforementioned tree-cutting moratorium to protect the northern long-eared bat is 
expected to apply to the portion of Alternatives 2A and 2B that are located within Stanly County. 
Surveys for Michaux’s sumac and bald eagle in areas of suitable habitat within the construction 
footprint of Alternatives 2A and 2B water main corridors and intake areas will be performed prior 
to construction if either is selected as the preferred alternative.  

5.15.2.4. ALTERNATIVE 3A 
Habitat appears to be available within the water main corridor for thirteen FSC, one candidate 
species, five federally endangered species (i.e., red-cockaded woodpecker, Carolina 
heelsplitter, Schweinitz’s sunflower, robust redhorse, and Michaux’s sumac), and the bald eagle 
protected under the BGPA. One population of red-cockaded woodpecker and three populations 
of Schweinitz’s sunflower are documented within a two-mile radius of the Alternative 3A water 
main corridor. Populations of seven FSC species are documented within a two-mile radius of 
the water main corridor, which include two populations of robust redhorse, six populations of 
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Piedmont aster, and one population each of Septima’s clubtail, Carolina creekshell, Carolina 
darter, ravine sedge, and bog spicebush.  

Habitat for one FSC species and the bald eagle is expected to be available within the access 
road and pump station project areas. The Alternative 3A intake site contains potentially suitable 
habitat for five FSC species, the federally endangered robust redhorse, and the bald eagle. 
Numerous populations of bald eagle are documented in Yadkin River and Blewett Falls Lake 
within a two-mile radius of the water main corridor, access road, pump station, and intake 
project areas associated with Alternative 3A. If Alternative 3A is selected for implementation, 
appropriate surveys for red cockaded woodpecker, Carolina heelsplitter, Schweinitz’s sunflower, 
Michaux’s sumac, and bald eagle will be performed in areas that contain suitable habitat for the 
respective species to determine if any federally protected species are present within 
construction areas.  

5.15.2.5. ALTERNATIVE 3B 
Habitat is likely present within the footprint of Alternative 3B for thirteen listed FSC, one 
candidate species, four endangered species (i.e., robust redhorse, red-cockaded woodpecker, 
Schweinitz’s sunflower and Michaux’s sumac), and the bald eagle protected under the BGPA. 
Populations of four FSC species (i.e., Carolina darter, robust redhorse, Piedmont aster, and bog 
spicebush) are documented within a two-mile radius of the water main corridor.  

Habitat for one FSC species and the bald eagle is expected to be available in the access road 
and pump station project areas for Alternative 3B. The intake site contains potentially suitable 
habitat for seven protected species, including the federally endangered robust redhorse, five 
FSC species, and the bald eagle. Numerous populations of bald eagle are documented in 
proximity to the project areas located adjacent to Yadkin River and Blewett Falls Lake, which 
include the access road, pump station, intake site, and portions of the water main corridor. The 
WTP D site appears to provide habitat for two FSC. If Alternative 3B is selected, appropriate 
surveys for red-cockaded woodpecker, bald eagle, Schweinitz’s sunflower, and Michaux’s 
sumac will be performed within the construction areas to determine the presence or absence of 
these federally protected species.  

5.15.2.6. ALTERNATIVE 4 
Habitat for appears to be provided within the water main corridor for Alternative 4 for twelve 
FSCs, one candidate species, four federally endangered species (i.e., robust redhorse, red-
cockaded woodpecker, Carolina heelsplitter, and Michaux’s sumac), and the bald eagle is 
protected under the BGPA. Two populations of red-cockaded woodpecker, four populations of 
Piedmont aster, and one population each of Septima’s clubtail, robust redhorse, Carolina 
creekshell, Carolina darter, and ravine sedge are documented within a two-mile radius of the 
Alternative 4 water main corridor.  

Habitat for two FSC species is expected to be available in the access road and pump station 
footprints. Habitat for five FSC species and one federally endangered species (i.e., robust 
redhorse) is likely present at the intake site. Surveys of the construction areas with suitable 
habitat will be performed to determine the presence or absence of red-cockaded woodpecker, 
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Carolina heelsplitter, bald eagle, and Michaux’s sumac if Alternative 4 is selected for 
implementation.  

5.15.2.7. ALTERNATIVE 5 
Habitat appears to be available within the Alternative 5 water main corridor footprint for one 
candidate species, one federally endangered species (i.e., Michaux’s sumac), and four FSCs. 
Populations of three FSC (i.e., Septima’s clubtail, robust redhorse, and Piedmont aster) are 
documented within a two-mile radius of the Alternative 5 water main corridor. Habitat for one 
FSC and the candidate species (i.e., Georgia aster) is likely present within the access road and 
pump station project areas. Habitat for seven FSCs and one endangered species (i.e., Carolina 
heelsplitter) is expected to be available at the intake site. If Alternative 5 is selected for 
implementation, plant surveys will be performed throughout portions of the construction areas 
that contain appropriate habitat for Michaux’s sumac. A mussel survey will be performed in 
proximity to the intake site to identify existing populations of Carolina heelsplitter.  

5.15.2.8. ALTERNATIVE 6 
Within the water main corridor for Alternative 6, habitat appears to be available for one 
candidate species, three federally endangered species (i.e., Carolina heelsplitter, Schweinitz’s 
sunflower, and Michaux’s sumac), and seven FSCs. Populations of the candidate species 
Georgia aster, the endangered Schweinitz’s sunflower, and two FSC (i.e., Carolina darter and 
Piedmont aster) are documented within a two-mile radius of the water main corridor. 
Populations of Carolina darter are documented in Little Twelve Mile Creek and in Rone Branch 
in proximity to the project areas. As the footprint of the pump station and raw water intake 
upgrades and/or expansions have not been determined yet, information regarding the presence 
or absence of federally protected species cannot be evaluated. If Alternative 6 is pursued for the 
project, surveys of areas with suitable habitat will be performed to determine the presence of 
Carolina heelsplitter, Schweinitz’s sunflower, and Michaux’s sumac in the construction areas.  

5.15.2.9. ALTERNATIVE 7 
Habitat appears to be available within the water main corridor of Alternative 7 for the federally 
endangered Carolina heelsplitter and Michaux’s sumac, the federally threatened northern long-
eared bat, one candidate species, and nine FSCs. Two populations of Carolina creekshell, an 
FSC, are documented within a two-mile radius of the water main corridor. The Carolina 
creekshell is documented from Duck Creek and a UT thereto, as well as in Goose Creek. The 
populations documented in Goose Creek and the UT to Duck Creek are in the proposed 
construction areas of the water main corridor. Additionally, four populations of Schweinitz’s 
sunflower, six populations of Georgia aster, and one population of Piedmont aster are 
documented within a two-mile radius of the pipe corridor. 

It is not known at this time if a pump station and access road will be necessary for the 
implementation of Alternative 7. If this infrastructure is required for Alternative 7, the availability 
of suitable habitat in the footprint will be assessed. The aforementioned tree-cutting moratorium 
to protect the northern long-eared bat is expected to apply to the portion of Alternative 7 that is 
located within Mecklenburg County. Surveys of the construction areas with suitable habitat will 
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be performed to determine the presence or absence of Carolina heelsplitter and Michaux’s 
sumac if Alternative 7 is selected for implementation.  

5.15.2.10. ALTERNATIVE 8 
Habitat is likely available in the Alternative 8 water main corridor for one candidate species, two 
endangered species (i.e., Michaux’s sumac and Carolina heelsplitter), and eight FSCs. One 
population of the FSC Carolina darter is documented in Beaver Dam Creek within a two-mile 
radius of the Alternative 8 water main corridor. The WTP D site contains potentially suitable 
habitat for the candidate species Georgia aster, the federally endangered Michaux’s sumac, and 
two FSCs. The well field area contains habitat that may support the candidate species Georgia 
aster, three federally endangered species (i.e., Carolina heelsplitter, Schweinitz’s sunflower, 
and Michaux’s sumac), and ten FSCs. Within a two-mile radius of the well field, two populations 
of Carolina darter and Carolina creekshell, seven populations of Georgia aster, and one 
population each of Piedmont aster and savannah lilliput have been documented. Surveys for the 
presence of the federally protected Michaux’s sumac, Carolina heelsplitter, and Schweinitz’s 
sunflower will be performed within project areas of expected appropriate habitat prior to 
construction activities. 

5.15.2.11. ALTERNATIVE 11 
The transmission line corridor for Alternative 11 contains potentially suitable habitat for thirteen 
FSCs, two candidate species, three federally endangered species (i.e., Schweinitz’s sunflower, 
Michaux’s sumac, and Carolina heelsplitter) and the bald eagle protected under the BGPA. 
Populations of the candidate species Georgia aster and of four FSCs (i.e., Septima’s clubtail, 
robust redhorse, Carolina creekshell, and Piedmont aster) are documented within a two-mile 
radius of the transmission line corridor.  

A pump station will be necessary for Alternative 11; however, the pump station has not yet been 
sited at the City of Monroe WWTP facility. Therefore, a determination relative to the likely 
presence of suitable habitat for federally protected species cannot be made at this time. An 
evaluation of habitat will be conducted upon determination of the footprint of construction of the 
pump station. Surveys of the project area will be performed within areas providing suitable 
habitat for Carolina heelsplitter, Schweinitz’s sunflower, Michaux’s sumac, and bald eagle in 
order to ensure that all occurrences within the construction areas are identified.  

5.15.2.12. WTP A ALTERNATIVE 
Habitat appears to be available within the WTP A site for the endangered Michaux’s sumac, the 
candidate species Georgia aster, and two FSCs, prairie birdsfoot-trefoil and Virginia quillwort. 
The layout of the proposed WTP facility has not yet been developed. Therefore, all portions of 
the area identified for the proposed facility were considered for the habitat assessment. 
Construction of the proposed facility will not impact all portions of the WTP area. One population 
each of Septima’s clubtail and robust redhorse as well as three populations of Piedmont aster 
have been documented within a two-mile radius of the proposed WTP A location. If the WTP A 
Alternative is selected for implementation, plant surveys will be performed prior to commencing 
construction throughout portions of the construction areas that contain suitable habitat for 
Michaux’s sumac.  
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5.15.2.13. WTP B ALTERNATIVE 
Within the water main corridor associated with Alternative WTP B, habitat is likely available for 
the endangered Michaux’s sumac, the candidate species Georgia aster, and seven FSCs. One 
population of both Septima’s clubtail and Piedmont aster are documented within a two-mile 
radius of the water main corridor. The WTP B site may provide suitable habitat for five species 
that include the candidate species Georgia aster, the endangered Michaux’s sumac, and three 
FSCs. One population of Carolina creekshell is documented within a two-mile radius of the 
proposed WTP B.  

As only a portion of the WTP B area will be utilized for construction of the proposed WTP facility 
and appurtenant infrastructure, avoidance of federally protected plants and their respective 
habitats may be possible. Surveys for Michaux’s sumac within project areas of suitable habitat 
will be performed prior to construction to ensure that the presence of the protected species is 
known.  

5.15.2.14. WTP C ALTERNATIVE 
Habitat appears to be available in the WTP C Alternative water main corridor for one candidate 
species, two endangered species (Carolina heelsplitter and Michaux’s sumac), and 11 FSCs. 
Populations of Septima’s clubtail and Piedmont aster are documented in a two-mile radius of the 
water main corridor. One population of Carolina darter, located in Beaverdam Creek, is within a 
two-mile radius of the pipe corridor and the WTP D site. The WTP C facility area appears to 
provide habitat for the candidate species Georgia aster, the federally endangered Michaux’s 
sumac, and two FSCs. Habitat for Michaux’s sumac is available in the WTP C facility area. 
Surveys for Carolina heelsplitter and Michaux’s sumac will be performed prior to commencing 
construction to ensure that the presence of protected species is known.  

5.15.2.15. NO-ACTION ALTERNATIVE 
The No-Action Alternative will not disturb any lands and therefore will not result in direct impacts 
to federally protected species. Indirect and cumulative impacts due to the anticipated growth 
and development in the service area are expected to affect federally protected species and their 
habitat. 
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Table 5-46 Rare and Protected Species and Habitat in Project Area 
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Vertebrates                                              
Acipenser 

brevirostrum 
Shortnose 
sturgeon * * * * * * * * * * * * * * * * -- -- -- -- -- -- -- -- * -- -- -- -- * * * * * * * * * * * * * * * 

Acipenser oxyrinchus 
oxyrinchus Atlantic sturgeon * * * * * * * * * * * * * * * * -- -- -- -- -- -- -- -- * -- -- -- -- * * * * * * * * * * * * * * * 

Anguilla rostrata American eel H -- -- H H -- -- H H -- -- H H -- -- H H -- -- H H -- -- H -- H -- -- H -- -- -- H -- H -- -- H H -- -- -- H -- 
Etheostoma collis 

collis Carolina darter H -- -- -- H -- -- -- P -- -- -- P -- -- -- H -- -- -- H -- -- -- -- H -- -- -- -- -- -- H P H P -- H H -- H -- H -- 

Haliaeetus 
leucocephalus Bald eagle H -- -- -- H -- -- -- P P P P P P P P P P P P P P P P -- H -- -- -- -- -- -- -- -- -- -- -- -- H -- -- -- -- -- 

Moxostoma robustum Robust redhorse -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- H -- -- -- H -- -- -- -- H -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
Moxostoma sp. 2 Carolina redhorse -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- H -- -- -- H -- -- -- -- H * * * * * * * * * -- -- -- -- -- -- 

Picoides borealis Red-cockaded 
woodpecker * * * * * * * * * * * * * * * * P -- -- -- H -- -- -- * P -- -- -- * * * * * * * * * * * * * * * 

Invertebrates                                              
Alasmidonta varicosa Brook floater H -- -- -- H -- -- -- H -- -- -- H -- -- -- P -- -- -- H -- -- -- * H -- -- H * * * * * * * * * H -- H -- H -- 

Fusconaia masoni Atlantic pigtoe -- * * * -- * * * -- * * * -- * * * H * * * H * * * * H * * * -- -- -- H H H H -- H H -- -- -- H -- 

Lampsilis cariosa Yellow 
lampmussel H -- -- H H -- -- H H -- -- H H -- -- H H -- -- H H -- -- H -- H -- -- -- -- -- -- H -- H -- -- H H -- -- -- H -- 

Lasmigona decorata Carolina 
heelsplitter -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- H -- -- -- -- -- -- -- -- H -- -- -- -- -- -- H H P H -- H H -- -- -- H -- 

Toxolasma pullus Savannah lilliput H -- -- H H -- -- H H -- -- H H -- -- H H -- -- -- H -- -- -- -- H -- -- -- -- -- -- H P H H -- H P -- H -- H -- 

Villosa vaughaniana Carolina 
creekshell H -- -- H P -- -- H P -- -- H P -- -- H P -- -- H H -- -- H -- P -- -- H -- -- -- H P P H -- H H -- H -- H -- 

Vascular Plants                                              
Amphianthus pusillus Little amphianthus * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * -- * * * * * * * * * * 
Delphinium exaltatum Tall larkspur -- * * * -- * * * -- * * * -- * * * -- * * * H * * * -- -- * * * -- -- -- -- -- -- H -- H -- -- -- -- -- -- 

Echinacea laevigata Smooth 
coneflower * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * -- -- * * * * * * * * * 

Eurybia mirabilis Dwarf aster P -- -- -- P -- -- -- P -- -- -- P -- -- -- P -- -- -- P -- -- -- -- P H -- -- P -- -- -- H H H -- P P -- -- -- P -- 
Helianthus 
schweinitzii 

Schweinitz’s 
sunflower -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- P -- -- -- P -- -- -- -- -- -- -- -- -- -- -- -- P -- -- -- H P -- -- -- -- -- 

Hymenocallis 
coronaria Shoals spiderlily H -- -- -- H -- -- -- H -- -- -- H -- -- -- H -- -- -- H -- -- -- H H -- -- -- H -- -- -- H H H H H H -- H H H H 

Isoetes melanospora Black-spored 
quillwort * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * -- * * * * * * * * * * 

Isoetes virginica Virginia quillwort P -- -- -- P -- -- -- P -- -- -- P -- -- -- P -- -- -- -- -- -- -- -- P -- -- -- P -- -- -- -- -- -- -- -- P P P H P -- 
Juglans cinerea Butternut H H H -- H H H -- H H H -- H H H -- * * * * * * * * * * * * * * * * * * * * * * H * * * * * 

Lindera subcoriacea Bog spicebush * * * * * * * * * * * * * * * * P -- -- -- P -- -- -- -- -- -- -- -- * * * * * * * * * * * * * * * 
Lotus unifoliolatus 

var. helleri 
Prairie birdsfoot-

trefoil H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H P H H H H H H H H H H 

Panicum lithophilum Flatrock panic 
grass * * * * * * * * * * * * * * * * -- -- -- -- -- -- -- -- -- -- -- -- -- * * * * * * * * * * * * * * * 

Rhus michauxii Michaux's sumac H * * * H * * * H * * * H * * * H * * * H * * * * H * * * H -- -- -- H H H H H H H H H H H 

Solidago plumosa Yadkin River 
goldenrod H -- -- -- H -- -- -- H -- -- -- H -- -- -- * * * * * * * * * * * * * * * * * * * * * * H * * * * * 

Symphyotrichum 
georgianum Georgia aster H H H -- H H H -- H H H -- H H H -- H * * * H * * * * H * * * H H H -- P H H P H P H H H H H 

Verbena riparia Riparian vervain H -- -- H H -- -- H H -- -- H H -- -- H * * * * * * * * * * * * * * * * * * * * * * H * * * * * 
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Scientific Name Common Name Alternative 
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Notes: 
H = Habitat appears to be available within project footprint based on the described desktop assessment.  
P = Population has been documented within two miles of project element. 
-- = Neither habitat nor a population are known within the project footprint. 
* = Species is not listed in a county in which the proposed project element occurs. 
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5.16. Environmental Justice  
Populations that are covered by the Executive Order regarding environmental justice are 
discussed relative to two thresholds: minority populations and low-income populations. Minority 
and low-income populations are identified where the percentage exceeds the state average to 
document any disparity in the location and provision of water treatment and transmission 
facilities between the general population and the minority and/or low-income populations. A 
disproportionate impact to a minority or low-income population may occur where such 
populations comprise more than 50 percent of the total population. 

5.16.1. Minority Populations 

5.16.1.1. ALTERNATIVE 1A 
The pump station, access roads, and water main corridor associated with Alternative 1A 
traverse one block group that has a minority population greater than the North Carolina state 
average of 32 percent. Block group 2 of census tract 931100 has an overall minority population 
of 34 percent. The water main corridor is the only infrastructure in this alternative that will be 
located in this block group. The length of the water main corridor through the block group is 
approximately 3.8 miles. The water main corridor is routed along existing roadways through the 
block group. Therefore, temporary impacts to residents of the block group, regardless of 
minority status, are expected to be short-term and minor. No permanent impacts are expected 
to the residents. As the minority populations of the block groups traversed by the alternative are 
each below the 50-percent threshold, none of the anticipated impacts of the alternative will 
represent a disproportionate impact to minorities. 

5.16.1.2. ALTERNATIVE 1B 
Similar to Alternative 1A, the pump station, access roads, and water main corridor associated 
with Alternative 1B traverse only one block group with a minority population greater than the 
North Carolina state average of 32 percent. Block group 2 of census tract 931100 has an overall 
minority population of 34 percent. The water main corridor is the only infrastructure in this 
alternative that will be located in this block group. The length of the water main corridor through 
the block group is approximately 4.1 miles. The water main corridor is routed along existing 
roadways through the block group. Therefore, temporary impacts to residents of the block 
group, regardless of minority status, are expected to be short-term and minor. No permanent 
impacts are expected to the residents. As the minority populations of the block groups traversed 
by the alternative are each below the 50-percent threshold, none of the anticipated impacts of 
the alternative will represent a disproportionate impact to minorities. 

5.16.1.3. ALTERNATIVE 2A 
The block groups in which the pump station, access roads, and water main corridor are 
proposed to be sited have minority populations that are less than the state average and below 
the 50-percent threshold. No disparity in the location of water treatment and transmission 
facilities or in the provision of drinking water will result from implementation of Alternative 2A. 
None of the proposed infrastructure will have a disproportionate direct, indirect, or cumulative 
impact on a minority population. 
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5.16.1.4. ALTERNATIVE 2B 
The block groups in which the pump station, access roads, and water main corridor are 
proposed to be sited have minority populations that are less than the state average and are 
below the 50-percent threshold. No disparity in the location of water treatment and transmission 
facilities or in the provision of drinking water will result from implementation of Alternative 2B. 
None of the proposed infrastructure will have a disproportionate direct, indirect, or cumulative 
impact on a minority population. 

5.16.1.5. ALTERNATIVE 3A 
The pump station, access roads, and water main corridor associated with Alternative 3A 
traverses four block groups that have a greater minority population than the state average. The 
water main corridor is the only infrastructure associated with this alternative that will occur in 
block groups with minority populations greater than the state average. Block groups 1 and 2 of 
census tract 920400 and block group 3 of census tract 920100 have minority populations 
representing 63 percent, 74 percent, and 71 percent, respectively, of the total population, which 
are each more than double the state average. Block group 1 of census tract 920200 has a 
minority population of 44 percent. The water main corridor associated with this alternative 
traverses approximately 2.2, 5.2, 2.0, and 4.4 miles of these block groups respectively. The 
water main corridor is routed along an existing utility easement through the block groups. 
Therefore, temporary impacts to residents of the block group, regardless of minority status, are 
expected to be short-term and minor. No permanent impacts are expected to the residents. 

The western portion of the water main corridor is located in a block group with an 8 percent 
minority population and follows roadways across the block group. With construction of the low-
minority block group segment of the water main being along the roadway and affecting access 
to properties along the road, impacts to the low-minority population will be greater than to the 
high-minority populations located along the water main corridor in the existing utility easement. 
Therefore, no disproportionate direct, indirect, or cumulative impact to minority populations will 
occur under Alternative 3A. 

5.16.1.6. ALTERNATIVE 3B 
The infrastructure associated with Alternative 3B crosses twelve block groups with minority 
populations greater than the state average. The water main corridor associated with this 
alternative is routed through these twelve block groups. Block group 3 of census tract 920100, 
block groups 1 through 3 of census tract 920400, and block group 2 of census tract 920500 
have minority populations greater than double the state average, with percentages ranging from 
63 to 83 percent. Block group 4 of census tract 020800, block group 4 of census tract 920300, 
and block groups 1, 4, and 5 of census tract 920500 all have minority populations greater than 
the state average but less than double the state average. The percent minority populations in 
these five block groups range from 44 to 58 percent. The water main corridor is routed along 
existing roadways through the block groups. Therefore, direct impacts to the residents of these 
block groups are expected to be short-term and minor.  

Ten of the fifteen block groups in which a portion of the proposed alternative is located are 
comprised of minority populations that represent more than 50 percent of the total population. 
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The total minority population of all block groups traversed by Alternative 3B represents 
51 percent of the total population of the fifteen block groups. The proposed infrastructure will be 
located either within roadway ROWs or in areas that are not developed for residential use. An 
impact that is disproportionate to minority populations will result from Alternative 3B. However, 
the impact will be temporary and minor.  

The WTP associated with Alternative 3B is located in block group 4 of census tract 208, which 
has a minority population percentage of 46 percent. The WTP and associated access roads are 
not located in a residential area. Impacts to the population due to these elements are 
anticipated to be short-term and minor due to construction traffic in the area. The minority 
population in the WTP block group is below the threshold of a disproportionate impact to the 
population. No disproportionate direct, indirect, or cumulative impact to minority populations will 
occur under Alternative 3B. 

5.16.1.7. ALTERNATIVE 4 
The pump station, access roads, and water main corridor associated with Alternative 4 traverse 
one block group that has a minority population greater than the North Carolina state average of 
32 percent. Block group 1 of census tract 920200 has an overall minority population of 
44 percent. The pump station, associated access road, and a portion of the water main corridor 
are located in this block group. The approximate length of the water main corridor in this block 
group is 8.6 miles. The water main corridor is routed along existing roadways through the block 
group; therefore, impacts to the residents of the block group are expected to be short-term and 
minor. The pump station and associated access road are not located in a residential area. 
Impacts to the population due to these components are anticipated to be minor in the short-term 
due to construction traffic in the area and negligible in the long-term due to operation and 
maintenance activities. The block groups for Alternative 4 have minority populations that are 
below the threshold of a disproportionate impact. No disproportionate direct, indirect, or 
cumulative impact to minority populations will occur under Alternative 4. 

5.16.1.8. ALTERNATIVE 5 
The block groups in which the pump station, access road, treatment plant, and water main 
corridor are proposed to be sited have minority populations that are less than the state average 
and below the threshold of a disproportionate impact. No disparity in the location of water 
treatment and transmission facilities or in the provision of drinking water will result from 
implementation of Alternative 5. Therefore, none of the proposed infrastructure will have a 
disproportionate direct, indirect, or cumulative impact on a minority population. 

5.16.1.9. ALTERNATIVE 6 
The water main corridor associated with Alternative 6 traverses one block group that has a 
minority population greater than the North Carolina state average of 32 percent and the South 
Carolina state average of 34 percent. Block group 1 of census tract 020404 has an overall 
minority population of 37 percent. The water main corridor is the only infrastructure in this 
alternative located in this block group, and the length of the water main corridor through the 
block group is approximately 0.75 mile. The water main corridor is routed along existing 
roadways through the block group. The Catawba River WTP site in which the pump station and 
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raw water intake construction and/or upgrades will occur is located in a block group that has a 
minority population representing 34 percent of the population, which is equal to the South 
Carolina state average and below the threshold of a disproportionate impact. Direct impacts to 
the residents of the block group are expected to be short-term and minor. No disproportionate 
direct, indirect, or cumulative impact to a minority population is expected to occur for Alternative 
6. 

5.16.1.10. ALTERNATIVE 7 
The block groups in which the water main corridor is proposed to be sited have minority 
populations that are less than the state average and below the threshold of a disproportionate 
impact. No disparity in the location of water treatment and transmission facilities or in the 
provision of drinking water will result from implementation of Alternative 7. None of the proposed 
infrastructure will have a disproportionate direct, indirect, or cumulative impact on a minority 
population. 

5.16.1.11. ALTERNATIVE 8 
Three block groups within the well field area of Alternative 8 have minority populations in excess 
of the state average. Block group 3 of census tract 020601, block group 1 of census tract 
020602, and block group 1 of census tract 020702 have minority populations that range from 33 
to 56 percent. The block groups within the well field that are above the threshold for 
consideration of possible disproportionate impacts to a minority population are block group 3 of 
census tract 020601 and block group 1 of census tract 020702. Possible minor direct, indirect, 
or cumulative impact may occur to minority populations in the well field area.  

The placement of permanent groundwater wells in these areas has the potential for moderate 
permanent impacts to the populations of these block groups, dependent upon the final siting 
and proximity to homes and residential areas. The potential impacts range from short-term to 
long-term and may be beneficial or adverse. The property owners may experience a short-term 
financial benefit from the sale of land to the County to provide a location for a cluster of wells. 
The short-term benefit may be followed by a long-term, adverse impact due to the financial loss 
resulting from the lack of income from farming or timbering the sold land. Farmhands who 
currently work the fields of farms in the well field area may experience a short-term financial loss 
if the farm(s) they work are sold to the County. As the well field requirement is nearly 25,000 
acres, the impacts will affect a large number of property owners, farmhands, and their families. 
The impact to individual families will vary in intensity, likely ranging from minor to major based 
on a number of variables. 

The water main corridor and WTP associated with Alternative 8 are located in block group 4 of 
census tract 020800, which has a minority population percentage of 46 percent. The water main 
corridor is routed along existing roadways through the block group. Therefore, impacts to the 
residents of the block group are expected to be short-term and minor. The WTP is located away 
from residential areas. Impacts to the population due to the WTP are anticipated to be 
negligible. The block group’s minority population percentage is below the threshold of 
disproportionate impacts. The Alternative 8 transmission line and WTP will not have a 
disproportionate direct, indirect, or cumulative impact on a minority population. 

340 
 



Union County Public Works | Environmental Impact Statement 
ENVIRONMENTAL CONSEQUENCES  

 

5.16.1.12. ALTERNATIVE 11 
The pump station and associated infrastructure will be located at the City of Monroe WWTP site, 
which is in a block group with a minority population of 48 percent. The transmission line corridor 
associated with Alternative 11 traverses six block groups that have a minority population greater 
than the North Carolina state average of 32 percent. Block groups 1 and 3 of census tract 
020601, block groups 1 and 3 of census tract 020701, block group 2 of census tract 020800, 
and block group 2 of census tract 931100 have minority populations ranging from 34 percent to 
56 percent. The transmission line corridor is the only infrastructure in this alternative that will be 
located in these block groups. The approximate length of the transmission line corridor through 
these block groups is 0.1, 1.0, 1.7, 1.3, 2.4, and 3.8 miles, respectively. The transmission line 
corridor is routed along existing roadways through the block group. Therefore, impacts to the 
residents of the block group are expected to be short-term and minor. 

The transmission line corridor is partially located within one block group that has a minority 
population percentage that is higher than the 50 percent threshold for disproportionate impacts. 
Block group 3 of census tract 020601 has a minority population representing 56 percent of the 
total population. The block group is located near the southern terminus of the proposed 
transmission line and is on one side only of the road that is followed by the transmission line 
alignment in census tract 020601. If the transmission line is constructed within block group 3, 
then approximately 22 residences and one commercial property will be impacted due to the 
transmission line corridor crossing their driveway or neighborhood entrance road. The direct 
impacts will be temporary, adverse, and minor. No permanent disproportionate direct, indirect, 
or cumulative impact to a minority population is expected to occur for Alternative 11. 

5.16.1.13. ALTERNATIVE WTP A 
The two block groups in which the Alternative WTP A facility area is located have minority 
populations below the state average and the threshold for disproportionate impacts. No disparity 
in the location of water treatment and transmission facilities or in the provision of drinking water 
will result from implementation of Alternative WTP A. Therefore, the proposed infrastructure will 
not have a disproportionate direct, indirect, or cumulative impact on a minority population. 

5.16.1.14. ALTERNATIVE WTP B 
The block groups in which the WTP and water main corridor are proposed to be sited have 
minority populations less than the state average and below the threshold for a disproportionate 
impact. No disparity in the location of water treatment and transmission facilities or in the 
provision of drinking water will result from implementation of Alternative WTP B. Therefore, 
none of the proposed infrastructure will have a disproportionate direct, indirect, or cumulative 
impact on a minority population. 

5.16.1.15. ALTERNATIVE WTP C 
The block groups in which the WTP and water main corridor are proposed to be sited have 
minority populations less than the state average and below the threshold for a disproportionate 
impact. No disparity in the location of water treatment and transmission facilities or in the 
provision of drinking water will result from implementation of Alternative WTP C. Therefore, 
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none of the proposed infrastructure will have a disproportionate direct, indirect, or cumulative 
impact on a minority population. 

5.16.1.16. NO-ACTION ALTERNATIVE 
The No-Action Alternative will not affect the existing minority populations in the project area. The 
No-Action Alternative will not alter the availability of drinking water available to persons who are 
currently served by Union County. However, persons in Union County who do not currently have 
drinking water supplied by the County will likely not be added to the County’s service area.  

5.16.2. Low-Income Populations 

5.16.2.1. ALTERNATIVE 1A 
Alternative 1A infrastructure does not traverse any census tract with a low-income population 
greater than the state average. No disparity in the location of water treatment and transmission 
facilities or in the provision of drinking water will result from implementation of Alternative 1A. 
Therefore, no direct, indirect, or cumulative impact that is disproportionate to low-income 
populations will occur as a result of the construction of Alternative 1A. 

5.16.2.2. ALTERNATIVE 1B 
Alternative 1B infrastructure does not traverse any census tract with a low-income population 
greater than the state average. No disparity in the location of water treatment and transmission 
facilities or in the provision of drinking water will result from implementation of Alternative 1B. 
Therefore, no direct, indirect, or cumulative impact that is disproportionate to low-income 
populations will occur as a result of the construction of Alternative 1B. 

5.16.2.3. ALTERNATIVE 2A 
Alternative 2A infrastructure passes through census tract 9301.02, which has a low-income 
population higher than the state low-income population percentage average. Approximately 
19 percent of the population of the census tract is low-income, which is higher than the state 
average of 16 percent. The pump station and access road associated with this alternative are 
located in a non-residential area within this census tract. Impacts to the population due to these 
elements are anticipated to be negligible. The water main corridor is routed along approximately 
5.3 miles of existing roadways within the census tract. Impacts to the residents of the census 
tract are expected to be short-term and minor. As the low-income population of the 
aforementioned census tract is below the threshold for a disproportionate impact, Alternative 2A 
is not anticipated to disproportionately directly, indirectly, or cumulatively impact a low-income 
population. 

5.16.2.4. ALTERNATIVE 2B 
The Alternative 2B infrastructure passes through census tract 9301.02, which has a low-income 
population higher than the state low-income population percentage average of 16 percent. 
Approximately 19 percent of the population of the census tract is low-income. The pump station 
and access road associated with this alternative are located in a non-residential area within this 
census tract. Impacts to the population due to these elements are anticipated to be negligible. 
The water main corridor is routed along approximately 3.8 miles of existing roadways through 
the census tract. Therefore, impacts to the residents of the census tract are expected to be 
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short-term and minor. As the low-income population of the aforementioned census tract is below 
the threshold for a disproportionate impact, Alternative 2B is not anticipated to 
disproportionately directly, indirectly, or cumulatively impact a low-income population. 

5.16.2.5. ALTERNATIVE 3A 
Alternative 3A infrastructure passes through four census tracts with low-income populations 
greater than the state average of 16 percent but less than double the state average. The pump 
station and access road associated with this alternative are located within census tract 920100 
with a low-income population of 22 percent. These project elements are located in a 
nonresidential area. Therefore, impacts to the population due to these elements are anticipated 
to be negligible.  

The water main corridor is routed through census tracts 920100, 920200, 920300, and 920400 
for approximate distances of 5.7, 12.2, 5.9, and 7.2 miles, respectively. The percent of the 
population of the four census tracts that is low-income ranges from 18 to 22. The water main 
corridors in these areas are routed along existing roadways through the census tract. Therefore, 
impacts to the residents of the census tract due to the water main are anticipated to be short-
term and minor.  

The proposed alternative is sited within four census tracts with low-income population 
percentages that are greater than the state average. However, the proposed alternative does 
not include any elements located within a census tract that is populated by greater than a 50 
percent low-income population. Alternative 3A will not disproportionately directly, indirectly, or 
cumulatively impact a low-income population. 

5.16.2.6. ALTERNATIVE 3B 
Alternative 3B infrastructure passes through four census tracts with a low-income population 
equal to or greater than the state average of 16 percent but less than double the state average. 
The pump station and access road associated with this alternative are located within census 
tract 920100, which has a low-income population of 22 percent. These infrastructure elements 
are located in a non-residential area. Impacts to the population are anticipated to be negligible.  

The water main corridor is routed through census tracts 920100, 920300, 920400, and 920500 
for approximate distances of 7.7, 8.6, 8.8, and 8.8 miles, respectively. The population of the four 
census tracts that are low-income ranges from 18 to 26 percent. The water main corridors in 
these areas are routed along existing roadways through the census tract. Therefore, impacts to 
the residents of the census tract are expected to be short-term and minor. The proposed 
alternative is located in four census tracts with a higher than state average percentage of low-
income population; however, none of the census tracts traversed by the alternative is 
represented by a low-income population that exceeds the threshold for a disproportionate 
impact. Therefore, Alternative 3B is not anticipated to disproportionately directly, indirectly, or 
cumulatively impact a low-income population. 

5.16.2.7. ALTERNATIVE 4 
Alternative 4 infrastructure passes through two census tracts with a low-income population 
equal to or greater than the state average of 16 percent but less than double the state average. 
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The pump station and access roads associated with this alternative are located within census 
tract 920200, which has a low-income population of 34 percent. These infrastructure elements 
are located in a non-residential area. Impacts to the population due to these elements are 
anticipated to be negligible.   

The water main corridor is routed through census tracts 920200 and 920300 for approximate 
distances of 8.1 and 6.2 miles, respectively. The percentage of low-income population in the two 
census tracts are 34 percent in census tract 920200 and 20 percent in census tract 920300. The 
water main corridors in these areas are routed along existing roadways within the census tract. 
Impacts to the residents of the census tract are expected to be short-term and minor. The 
proposed alternative does not traverse a census tract with a low-income population that 
exceeds the disproportionate impact threshold; therefore, Alternative 4 will not 
disproportionately directly, indirectly, or cumulatively impact a low-income population. 

5.16.2.8. ALTERNATIVE 5 
Alternative 5 infrastructure does not traverse any census tract with a low-income population 
greater than the state average or above the threshold of a disproportionate impact. The greatest 
percentage of low-income population in a census tract in which Alternative 5 is located is 11 
percent, which is found in census tract 930900. Therefore, no direct, indirect, or cumulative 
impact that is disproportionate to low-income populations will occur as a result of the 
construction of the infrastructure associated with Alternative 5. 

5.16.2.9. ALTERNATIVE 6 
Alternative 6 infrastructure passes through census tract 020404, which has a low-income 
population that is higher than the state low-income population percent average of 16 percent. 
Approximately 33 percent of the population of the census tract is of low-income status. The 
water main corridor is routed along approximately 0.6 mile of existing roadways within the 
census tract. Impacts to the residents of the census tract are expected to be short-term and 
minor. Although the low-income population of census tract 020404 is larger than the state 
average percentage, the threshold of a disproportionate impact is not exceeded in the census 
tract. Alternative 6 is not anticipated to disproportionately directly, indirectly, or cumulatively 
impact a low-income population. 

5.16.2.10. ALTERNATIVE 7 
Alternative 7 infrastructure does not traverse any census tract with a low-income population 
greater than the state average. The greatest percentage of low-income population within the 
tract is 7 percent in census tract 005714. No direct, indirect, or cumulative impact that is 
disproportionate to low-income populations will occur as a result of the construction of 
Alternative 7. 

5.16.2.11. ALTERNATIVE 8 
The well field associated with Alternative 8 includes three census tracts with low-income 
populations greater than the state average of 16 percent. Census tracts 020601, 020602, and 
020702 have low-income populations representing 29 percent, 25 percent, and 19 percent, 
respectively. No census tract in which the well field is located exceeds the 50 percent threshold 
for a disproportionate impact. 
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The placement of permanent groundwater wells in these areas will permanently impact the 
populations of these census tracts. The extent of the impact is dependent on the final siting and 
proximity to homes and residential areas. The potential impacts range from short-term to long-
term and may be beneficial or adverse. The property owners may experience a short-term 
financial benefit from the sale of land to the County to provide a location for a cluster of wells. 
The short-term benefit may be followed by a long-term, adverse impact due to the financial loss 
resulting from the lack of income from farming or timbering the sold land. Farmhands who 
currently work the fields of farms in the well field area may experience a short-term financial loss 
if the farm(s) they work are sold to the County. As the well field requirement is nearly 25,000 
acres, the impacts will affect a large number of property owners, farmhands, and their families. 
The direct, indirect, and cumulative impact to individual families will vary in intensity, likely 
ranging from minor to major based on a number of variables. 

The water main corridor and WTP associated with Alternative 8 are located in census tract 
020702. The water main corridor is routed along approximately 2.8 miles of existing roadways 
within the census tract, and the WTP is located away from residential areas. Impacts to the 
residents of the census tract due to the water main corridor are expected to be short-term and 
minor. Impacts due to the WTP will be negligible. The census tract’s low-income population is 
below the threshold of disproportionate impacts. Therefore, no direct, indirect, or cumulative 
impact that is disproportionate to low-income populations will occur as a result of the 
construction of the transmission line corridor and transmission line associated with Alternative 8. 

5.16.2.12. ALTERNATIVE 11 
Alternative 11 infrastructure passes through census tract 020601, which has a low-income 
population higher than the state low-income population percent average of 16 percent. 
Approximately 29 percent of the population of the census tract is below the low-income 
threshold. The transmission line corridor is routed along approximately one mile of existing 
roadways within the census tract. Impacts to the residents of the census tract are expected to 
be short-term and minor. The percent of the population that is low-income along the 
transmission line corridor is below the threshold of a disproportionate impact. Alternative 11 is 
not anticipated to disproportionately directly, indirectly, or cumulatively impact a low-income 
population. 

5.16.2.13. ALTERNATIVE WTP A 
WTP A is located within census tract 020100. The tract has a low-income population of 
9 percent of the total population, which is less than the state average and below the threshold of 
disproportionate impact. No disparity in the location of water treatment and transmission 
facilities or in the provision of drinking water will result from implementation of Alternative WTP 
A. Therefore, the proposed infrastructure will not have a disproportionate direct, indirect, or 
cumulative impact on a low-income population. 

5.16.2.14. ALTERNATIVE WTP B 
WTP B infrastructure does not traverse any census tract that has a low-income population 
percentage that is greater than the state average. Therefore, no direct, indirect, or cumulative 
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impact that is disproportionate to low-income populations will occur as a result of the 
construction of Alternative WTP B. 

5.16.2.15. ALTERNATIVE WTP C 
WTP C infrastructure does not traverse any census tract that has a low-income population 
percentage that is greater than the state average or above the threshold for a disproportionate 
impact. No disparity in the location of water treatment and transmission facilities or in the 
provision of drinking water will result from implementation of Alternative WTP C. Therefore, the 
proposed infrastructure will not have a disproportionate direct, indirect, or cumulative impact on 
a low-income population. 

5.16.2.16. NO-ACTION ALTERNATIVE 
The No-Action Alternative will not affect the existing low-income populations in the project area. 
The No-Action Alternative will not alter the availability of drinking water available to persons who 
are currently served by Union County. However, persons in Union County who do not currently 
have drinking water supplied by the County will likely not be added to the County’s service area.  

5.17. Introduction of Hazardous, Toxic, and Radioactive 
Substances  

5.17.1. Common Elements to All Alternatives 

Impacts from construction activities associated with the proposed alternatives are anticipated to 
be direct, minor, adverse, and temporary. A short-term cumulative increase in storage and use 
of hazardous and toxic materials, and generation and disposal of hazardous waste will occur 
during construction activities associated with all of the project alternatives. Potential sources of 
toxic substances during construction may include exhaust emissions, oil, fuel, and other vehicle 
fluids. Escape of these substances will be minimized by proper vehicle maintenance, collection, 
and disposal of fluid containers. Contractors will be instructed to take precautions to ensure that 
un-cured concrete is not allowed to contact surface waters. Additionally, during construction, 
Union County will instruct contractors to take necessary measures to minimize the generation of 
waste, to recycle materials for which viable markets exist, and to use recycled products and 
materials in the development of this project, where suitable. Any waste generated by this project 
that cannot be beneficially reused or recycled will be disposed of at a solid waste management 
facility approved to manage the respective waste type. 

Also, when final locations of the pump station, transmission lines, and water treatment plant are 
selected during the project design phase, North Carolina Division of Waste Management 
Superfund Section maps and records will be reviewed to understand where potentially 
contaminated soil or water may be encountered during construction. CERCLIS and other 
contaminated sites under the jurisdiction of the Superfund Section are located within the project 
study area of Anson, Stanly and Union Counties. However, as indicated by the Division of 
Waste Management Special Remediation Branch, it is unlikely that the proposed project 
alternatives would impact any known sites in the study area, or visa versa. 
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Long-term operation of the WTPs, well field, pump stations, and transmission lines will have a 
negligible, long-term, direct and cumulative impact on the use, generation, and disposal of 
hazardous and toxic materials and substances. The hazardous and toxic materials will be 
handled, stored, used, and disposed of in accordance with applicable state and federal 
requirements during construction activities, and during operation of the WTPs, well field, pump 
stations, and transmission lines.  

Development will increase the amount of traffic and urban uses in the service area, which will 
increase stormwater runoff. Urban stormwater runoff contains pollutants, sediment and silt, 
nitrogen and phosphorus from lawn fertilizers, oils and greases, road salts, and pesticides and 
herbicides. Long-term impact of an increase in urban stormwater runoff could lead to declines in 
water quality if proper protective measures are not in place.   

Permanent impacts are expected to be direct, minor, and adverse. Minor indirect and 
cumulative impacts to soils from anticipated growth and development in the service area are 
expected to occur. 

5.17.2. No-Action Alternative 

The No-Action Alternative does not include construction activities or operation of WTPs, a well 
field, transmission lines, or pump stations; therefore, the use and storage of hazardous or toxic 
materials, or generation and disposal of hazardous waste will not occur. Minor indirect impacts 
are anticipated to occur as a result of the growth and development in the service area 
regardless of the alternative chosen for the proposed project.
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6.0 MITIGATIVE MEASURES TO ADDRESS 
DIRECT AND INDIRECT IMPACTS  

Direct, secondary, and cumulative environmental impacts have the potential to occur as the 
result of implementation of a project alternative. Secondary impacts are defined as the impacts 
that are reasonably foreseeable from growth and development induced or supported by an 
infrastructure project. Cumulative impacts are environmental impacts resulting from the 
incremental effects of an activity when added to other past, present and reasonable foreseeable 
future activities.   

There are twelve jurisdictions in Union County that have the potential to be served with water as 
a result of the proposed action. The number of jurisdictions in the service area will vary 
depending on the selection of a specific project alternative. The Town of Waxhaw, the Town of 
Mineral Springs, the Town of Weddington, the Town of Indian Trail, the Town of Stallings, the 
Town of Hemby Bridge, the Town of Fairview, the Town of Unionville, the Town of Mineral 
Springs, the Village of Wesley Chapel, and the Village of Lake Park are all currently served with 
finished water provided by the County. The Town of Wingate currently purchases water 
wholesale from the County. No communities are anticipated to be served outside of county 
borders.  

Existing local, state, and federal programs and ordinances will mitigate the potential for direct 
and indirect impacts from the proposed action. An alphanumeric EIS key was assigned to each 
mitigation reference based upon the corresponding jurisdictional authority. The alphabetic 
characters assigned for each jurisdiction are provided in Table 6-1. A detailed summary of 
programs for each jurisdiction in the service area is provided in Table 6-2, beginning on page 
351. Stormwater, floodplain, riparian buffer, erosion and sedimentation control, wetland 
protection, open space and parks, water use, land use, historic preservation, tree preservation, 
endangered species protection, and regional transportation planning measures are discussed 
for each community, where applicable. An ordinance or reference is provided for each program, 
plan, ordinance, or rule. A description of the mitigative aspects of each ordinance or reference is 
also provided. All referenced ordinances or regulations are listed in Section 10. 

Table 6-1 EIS Key Identifiers by Jurisdiction 

Jurisdiction EIS Key 
Identifier 

Jurisdiction EIS Key 
Identifier 

Union County A Town of Hemby Bridge I 
Town of Waxhaw B Village of Lake Park J 
Town of Mineral Springs C Town of Fairview K 
Village of Wesley Chapel D Town of Unionville L 
Village of Marvin E Town of Wingate M 
Town of Weddington F Regional or Interlocal Agreement R 
Town of Indian Trail G State of North Carolina S 
Town of Stallings H United States U 
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In late 2014, Union County adopted a new Unified Development Ordinance (UDO) (Union 
County, 2014) that serves to update its previous Land Use Ordinance. The latest version of the 
draft UDO document was adopted in October, 2014 with additional amendments approved in 
November, 2014. Included in the UDO are new riparian buffer regulations in the Twelve Mile 
Creek WRF service area and measures to protect and preserve existing communities of 
Schwienitz’s Sunflower and their habitats. Additionally, the County adopted a new Water Use 
Ordinance (WUO) in May, 2015 (Union County, 2015) that replaces its previous Water 
Conservation Ordinance. This WUO is discussed in further detail in earlier sections of this EIS. 
Along with adoption of the new WUO, the County is implementing a program to conduct annual 
water system audits according to the AWWA M36 Water Audit Method as a means to identify 
and potentially reduce “Non-revenue” Water volumes, particularly water losses.   

Ten of the communities implement regulations that limit fill within the floodplain to the minimum 
level designated by FEMA. Three communities implement floodplain regulations that are more 
protective than FEMA minimum standards: unincorporated Union County, Lake Park, and 
Hemby Bridge. For two of these communities, Union County and Hemby Bridge, fill is not 
allowed within the floodplain except for essential services such as utilities and roadways. Lake 
Park allows fill in the floodplain as long as all living spaces are elevated three feet above the 
BFE. 

Union County and the Towns of Fairview, Hemby Bridge, Indian Trail, and Stallings all have 
portions of their jurisdictions located in the Goose Creek watershed. The Goose Creek 
watershed provides habitat for a federally listed endangered species, the Carolina heelsplitter 
(Lasmigona decorata). DENR administers a site-specific water quality management plan for the 
Goose Creek watershed per 15A NCAC 02B .0600-.0609 for the maintenance and recovery of 
water quality in the watershed to sustain and protect the listed species. These regulations 
include stormwater control requirements, a prohibition on new NPDES discharges in the 
watershed, and riparian buffers. The Goose Creek Management regulations were included in 
the analysis of mitigation measures for those jurisdictions located in the Goose Creek 
watershed. 

Table 6-3, beginning on page 367, provides a summary of the anticipated direct and indirect 
environmental impacts associated with the project alternatives by environmental resource and 
jurisdiction. Relevant local, state and federal ordinances that mitigate the potential 
environmental impact are referenced by the assigned EIS key. The evaluated environmental 
resources include topography and floodplains, soils, land use, wetlands, prime or unique 
farmland, public lands, areas of archaeological or historic value, air quality, noise levels, surface 
water resources, groundwater resources, forest resources, shellfish or fish and habitats, wildlife 
and natural vegetation, and the introduction of toxic substances.  

Per Section 5, environmental resource impacts were evaluated as either temporary or 
permanent and then rated into one of four categories: negligible, minor, moderate, or major.   
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Table 6-3 summarizes the most conservative potential impacts for each environmental resource 
as a result of implementing one or more project alternatives. The following definitions were used 
in evaluating impacts: 

 Temporary impact:  A temporary impact is an impact associated with a particular activity 
for a finite period. Typically, a direct impact occurs during construction. 

 Permanent impact:  An impact that is persistent or chronic. 
 Negligible impacts:  Negligible impacts are not detectable or are slight. 
 Minor impacts:  Minor impacts are not readily noticeable. 
 Moderate impacts:  Moderate impacts are readily noticeable. 
 Major impacts:  Major impacts are clearly noticeable and severely adverse or 

exceptionally beneficial. 
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Table 6-2 Summary of Federal, State, and Local Programs and Ordinances Mitigating Direct and Indirect Impacts for Each Jurisdiction in the Service 
Area 

Jurisdiction Topic EIS Key Ordinance or 
Reference 1 

Description 

Union County Stormwater  A.1  Unified Development 
Ordinance, § 60.170-C(3) 

o Requires peak flow control for 2- and 25-year, 24-hour storm events 

A.2 Unified Development 
Ordinance, § 60.170-C(2) 

o Contains general language that development is not to impede the natural flow or to 
cause damage to adjacent properties 

A.3 Unified Development 
Ordinance, § 15.030 

o Water Supply Watershed Rules  
• Lake Twitty Watershed Critical Area < 12% impervious 
• Lake Lee Watershed and Lake Twitty Balance of Watershed < 24% impervious 

S.1 NPDES Phase II Post 
Construction Rules 

15A NCAC 02H .0154 

o NPDES Phase II Post Construction requirements 
• Trigger for Phase II review: ≥ 1 acre disturbance 
• < 24% impervious or > 2 du/acre, requires infiltration practices 
• > 24% impervious or > 2 du/acre, requires structural control 
 Treat first 1 inch of rainfall - 85% TSS removal 
 Control 1-year, 24-hr storm 

• Division of Energy, Mineral and Land Resources (DEMLR) enforced and 
implemented 

S.2 Goose Creek Watershed 
Management Plan 

15A NCAC 2B .0602 

o Portions of Union County are subject to Goose Creek Management Plan 
• Detention pond draw down no faster than 48 hours and no slower than 120 

hours 
• Discharge rate of storage volume ≤ pre-development rate for 1-year, 24-hr 

storm 
• ≥ 85% annual average TSS removal 

Floodplain A.4 Unified Development 
Ordinance, § 65.030 

o No fill is allowed  
o Only farm activities and essential services are allowed in the floodplain (roads, 

railroad, sewer, utilities, stream restoration) 
Riparian Buffer A.5 Unified Development 

Ordinance, § 15.030-G 
o 30-foot vegetative buffer on all perennial streams in water supply watersheds 

S.3 Goose Creek Water 
Quality Management Plan 

15A NCAC 2B .0605 

o Portions of Union County are subject to Goose Creek Water Quality Management 
Plan 
• 200-foot undisturbed buffer around intermittent and perennial streams, lakes, 

ponds, and estuaries within the 100-year floodplain 
• 100-foot buffer in all other areas 

A.6 Unified Development 
Ordinance § 70.030 

o Portions of Union County in the Twelve Mile Creek WRF Service Area 
• 100-foot buffer on all perennial streams 
• 50-foot buffer on all intermittent streams 
• Streams determined from USGS topographic maps (perennial) and NRCS soil 

survey maps (intermittent) 
• Existing ponds, lakes, and wetlands that intersect stream channels have the 

same buffer requirements as the original streams measured from the top of 
bank of the pond 
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Jurisdiction Topic EIS Key Ordinance or 
Reference 1 

Description 

Union County, 
continued 

Erosion and 
Sedimentation Control 

A.7 Unified Development 
Ordinance, § 60.180 

o All land disturbing activities require an approved erosion and sedimentation 
control plan by DEMLR in accordance with G.S. 113A-57(4)  

o DEMLR enforced and implemented 
Wetland Protection U.1 Clean Water Act 

§ 401 and 404 
o USACE permit required for any activity that includes a disturbance of wetlands or 

streams and for any activity that may result in a discharge to the waters of the 
U.S. 

Open Space / Parks A.8 Unified Development 
Ordinance, § 5.030-C 

o ≥10% of cluster development sites must be set aside as permanent open space 
o <50% of open space can be in the FEMA 100-year floodplain 

A.9 2025 Comprehensive 
Plan, Goal B-5 

o Encourage and promote programs and development patterns that result in the 
protection of open spaces and environmentally sensitive lands 

A.10 Parks and Recreation 
Master Plan 

o Currently in development phase 
o Action plan to direct future growth of county parks and recreation department 

Water Use A.11 Union County Water Use 
Ordinance  

o Stage 0 Year-Round Water Conservation 
• Spray irrigation allowed a maximum of 3 days per week for all customers 
• Indoor water conservation measures encouraged and recommended 

o Stage 1 Water Shortage Condition (triggers: Catawba-Wateree LIP declares 
Stage 1 drought, demand >80% capacity for 7-day average, or treatment or 
distribution emergency) 
• Publicity campaign to inform public of water shortage 
• Encourage spray irrigation a maximum of 2 days per week  
• Conservation measures encouraged and recommended 
• Transport of water outside of Union County prohibited 

o Stage 2 Water Shortage Condition (triggers: Catawba-Wateree LIP declares 
Stage 2 drought, demand >90% capacity for 7-day average, or treatment or 
distribution emergency) 
• Spray irrigation allowed a maximum of 2 days per week for all customers 
• Washing of residential vehicles and filling new swimming pools and ponds 

prohibited 
• Washing of building and outdoor surfaces limited 
• Using water for construction dust control limited  
• Hydrant flushing prohibited, except when used to maintain water quality 

o Stage 3 Water Shortage Condition (triggers: Catawba-Wateree LIP declares 
Stage 3 drought, demand >100% capacity for 7-day average, or treatment or 
distribution emergency) 
• Spray irrigation allowed a maximum of 1 day per week for all customers 
• Washing of residential vehicles, public buildings, sidewalks, and streets 

prohibited 
• Filling all swimming pools and ponds prohibited 
• Using water for construction dust control prohibited 
• Serving water in restaurants prohibited, except upon request 
• Elimination of variances 
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Jurisdiction Topic EIS Key Ordinance or 
Reference 1 

Description 

Union County, 
continued 

Water Use, 
continued 

  o Stage 4 Water Shortage Condition (triggers: Catawba-Wateree LIP declares 
Stage 4 drought, demand continues to exceed capacity, or treatment or 
distribution emergency) 
• Drafting of ponds or rivers used for fire protection where possible 
• Throw-away utensil and plate use encouraged at eating establishments 
• Using water outside a structure for anything other than a fire emergency is 

prohibited 
o Encourage changes in industrial/manufacturing processes to conserve water 
o Perform annual water system audits in accordance with AWWA M36 Water Audit 

Method to identify and reduce “non-revenue” water losses 
Land Use A.12 2025 Comprehensive Plan o Includes community goals, policies, growth strategies, and an implementation 

plan 
A.13 Unified Development 

Ordinance, § 5.010 and 
10.010 

o Land categorized into ten residential and seven commercial or industrial zoning 
districts 

Historic Preservation A.14 Union County Historic 
Preservation Commission 

o Member of Joint Commission dedicated to the conservation of historic districts 
and landmarks  

A.15 2025 Comprehensive 
Plan, Goal I 

o Emphasis placed on the preservation of historic buildings and places to maintain 
an attractive community appearance and image 

Tree Preservation A.16 Unified Development 
Ordinance, § 55.030 

o The retention and protection of large trees is encouraged to the maximum extent 
possible 

Endangered Species U.2 Federal Endangered 
Species Act 

o Prevents the harming of federal endangered and threatened animals and plants 
and their habitats 

S.4 Goose Creek Water 
Quality Management Plan 

15A NCAC 2B .0604 

o Prohibits activities that result in a direct or indirect discharge that causes toxicity 
to the Carolina heelsplitter (Lasmigona decorata) endangered mussel 

o Direct or indirect discharges that may cause NH3-N toxicity to the Carolina 
heelsplitter must take action to reduce NH3-N inputs to 0.5 mg/L 

A.17 Unified Development 
Ordinance § 75.040 

o All new subdivisions within the Twelve Mile Creek WRF service area must 
perform a field identification survey and assessment of Schwienitz’s sunflower 
habitat areas 

o Identified sunflowers require either a five-foot protection area or relocation to an 
approved habitat during the sunflower’s dormant season 

Town of Waxhaw 

 

Stormwater B.1 Zoning Ordinance § 9-100 o Development involving the creation of 20,000 square feet or greater of impervious 
cover requires an approved drainage plan 

S.1 NPDES Phase II Post 
Construction Rules 

15A NCAC 02H .0154 

o NPDES Phase II post construction requirements 
• Trigger for Phase II review: ≥ 1 acre disturbance 
• < 24% impervious or > 2 du/acre, requires infiltration practices 
• > 24% impervious or > 2 du/acre, requires structural control 
 Treat first 1 inch of rainfall - 85% TSS removal 
 Control 1-year, 24-hr storm 

• DEMLR enforced and implemented 
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Reference 1 

Description 

Town of 
Waxhaw, 
continued 

Floodplain B.2 UDO § 6.5 o Fill and development is allowed  
o Requirements are similar to FEMA 

Erosion and 
Sedimentation Control 

S.5 N.C. Erosion and 
Sedimentation Control 

15A NCAC 04B 

o Program implemented and enforced by DEMLR 

Wetland Protection U.1 Clean Water Act 
§ 401 and 404 

o USACE permit required for any activity that includes a disturbance of wetlands or 
streams and for any activity that may result in a discharge to the waters of the 
U.S. 

Open Space / Parks B.3 Parks, Recreation, and 
Cultural Resources Master 

Plan 

o Formal planning document established to preserve the economic, social and 
environmental value of parks in the town 

B.4 UDO § 9.8 o Landscaping, vegetative buffer, and screening requirements between 
residential/commercial areas and public areas  
• ≥ 5 acre industrial land use requires 40-foot buffer between public street 
• < 5 acre industrial land use requires 20-foot buffer between public street 
• Commercial land use outside of central business district requires 20-foot buffer 

between public street 
• ≥ 2 acre residential land use requires 20-foot buffer between public street 
• < 2 acre residential land use requires 10-foot buffer between public street 

Water Use B.5 2030 Comprehensive 
Plan, Growth and 

Infrastructure Policy 2.2 

o Established strategies to reduce water consumption and use water resources 
wisely 
• Encourage site-level water conservation tools and techniques, such as low-flow 

toilets and rainwater reuse 
• Work with county to promote use of gray water for the irrigation of yards and 

landscaped areas 
A.11 Union County Water Use 

Ordinance 
o Subject to the requirements of adopted Union County Water Use Ordinance 

Land Use B.6 2030 Comprehensive Plan o Includes goals, policies, strategies, and an implementation plan to manage and 
direct growth 

B.7 UDO § 6.1-6.3 o Watershed Protection Overlay District 
• Minimum lot area of 40,000 square feet 
• Maximum lot coverage of 20% 

o Thoroughfare Protection Overlay District 
• 20-foot landscaped buffer setback along thoroughfare right-of-way 

Historic Preservation A.14 Union County Historic 
Preservation Commission 

o Member of Joint Commission dedicated to the conservation of historic districts 
and landmarks  

B.8 UDO § 19 o Prevents the demolition, material alteration, remodeling or removal of buildings or 
objects in designated historic districts 
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Reference 1 

Description 

Town of 
Waxhaw, 
continued 

Tree Preservation B.9 Tree Management and 
Maintenance Plan 

o Developed to make informed decisions regarding tree planting, maintenance, 
management and removal on town owned property 

o Includes inventory of trees on town property and recommendations for tree 
plantings and the pruning or removal of trees that pose threats to public safety 

Regional 
Transportation 

Planning 

R.1 Western Union County 
Regional Transportation 

Plan 

o Multi-community regional and integrated multimodal transportation plan with the 
purpose of adequately serving the transportation needs of the communities while 
minimizing direct and cumulative impacts  

Endangered Species U.2 Federal Endangered 
Species Act 

o Prevents the harming of federal endangered and threatened animals and plants 
and their habitats 

Town of Mineral 
Springs 

 

Stormwater C.1 Zoning Ordinance § 4.20 o Requires peak flow control for 2-, 10-, 25-, 50-, and 100-year, 24 hour storm 
events 

S.1 NPDES Phase II Post 
Construction Rules 

15A NCAC 02H .0154 

o NPDES Phase II Post Construction requirements 
• Trigger for Phase II review: ≥ 1 acre disturbance 
• < 24% impervious or > 2 du/acre, requires infiltration practices 
• > 24% impervious or > 2 du/acre, requires structural control 
 Treat first 1 inch of rainfall - 85% TSS removal 
 Control 1-year, 24-hr storm 

• DEMLR enforced and implemented 
Floodplain C.2 Zoning Ordinance, 

Article 14 
o Fill and development is allowed  
o Requirements are similar to FEMA 

Riparian Buffer C.3 Zoning Ordinance § 4.21 o Applies to watershed larger than 50 acres 
• 30-foot buffer prohibiting land disturbance and vegetative clearing 
• 45-foot managed use zone prohibiting buildings immediately follows buffer zone  
• 25-foot upland zone allowing only small buildings of less than 12 feet 

immediately follows managed use zone 
Erosion and 

Sedimentation Control 
S.5 N.C. Erosion and 

Sedimentation Control 
15A NCAC 04B 

o Program implemented and enforced by DEMLR 

Wetland Protection U.1 Clean Water Act 
§ 401 and 404 

o USACE permit required for any activity that includes a disturbance of wetlands or 
streams and for any activity that may result in a discharge to the waters of the 
U.S. 

Open Space / Parks C.4 Land Use Plan o Goal of protecting open space throughout the community 
C.5 Zoning Ordinance § 4.22 o 50% open space requirement for land zoned as a conservation subdivision 

o Open space must be land in its natural state, used as pastureland for horses, or 
used for sustainable forestry practices 

Water Use A.11 Union County Water Use 
Ordinance 

o Subject to the requirements of adopted Union County Water Use Ordinance 

Land Use C.4 Land Use Plan o Set of goals, objectives, and strategies for land use and growth decisions 
C.7 Zoning Ordinance § 3.1 o Land zoned into five residential and three business districts 
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Jurisdiction Topic EIS Key Ordinance or 
Reference 1 

Description 

Town of Mineral 
Springs, 

continued 

Tree Preservation C.6 Zoning Ordinance, 
Article 15 

o Removal of any tree with 12-inch or greater DBH requires town approval 
o If tree removal is permitted, tree replacements must be added at a rate of one 

tree per 12-inch DBH removed 
Endangered Species U.2 Federal Endangered 

Species Act 
o Prevents the harming of federal endangered and threatened animals and plants 

and their habitats 

Village of Wesley 
Chapel 

 

Stormwater D.1 Zoning Ordinance § 14.5 o Requires peak flow control for 1-, 2-, 10-, and 25-year, 24-hour storm events 
S.1 NPDES Phase II Post 

Construction Rules 
15A NCAC 02H .0154 

o NPDES Phase II Post Construction requirements 
• Trigger for Phase II review: ≥ 1 acre disturbance 
• < 24% impervious or > 2 du/acre, requires infiltration practices 
• > 24% impervious or > 2 du/acre, requires structural control 
 Treat first 1 inch of rainfall - 85% TSS removal 
 Control 1-year, 24-hr storm 

• DEMLR enforced and implemented 
Floodplain D.2 Flood Damage Prevention 

Ordinance, Articles 1-5 
o Fill and development is allowed  
o Requirements are similar to FEMA 

Erosion and 
Sedimentation Control 

D.3 Zoning Ordinance § 14.6 o Requires DEMLR approved erosion and sedimentation control plan to receive 
local plan approval 

o Program implemented and enforced by DEMLR 
Wetland Protection U.1 Clean Water Act 

§ 401 and 404 
o USACE permit required for any activity that includes a disturbance of wetlands or 

streams and for any activity that may result in a discharge to the waters of the 
U.S. 

Open Space / Parks D.4 Land Use Plan, Goal 1, 
Policy 7 

o Encourages the conservation of open space through conservation easements 

Water Use A.11 Union County Water Use 
Ordinance 

o Subject to the requirements of adopted Union County Water Use Ordinance 

Land Use D.5 Land Use Plan o Goals and policies established to preserve the low-density residential and rural 
character of the village 

D.6 Zoning Ordinance § 3.1 o Land zoned into seven residential and four commercial districts 
Regional 

Transportation 
Planning 

R.1 Western Union County 
Regional Transportation 

Plan 

o Multi-community regional and integrated multimodal transportation plan with the 
purpose of adequately serving the transportation needs of the communities while 
minimizing direct and cumulative impacts  

Endangered Species U.2 Federal Endangered 
Species Act 

o Prevents the harming of federal endangered and threatened animals and plants 
and their habitats 

Village of Marvin Stormwater E.1 Zoning Ordinance § 4.17 o Requires peak flow control for 2-, 10-, 25-, 50-, and 100-year, 24-hour storm 
events 
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Reference 1 

Description 

Village of Marvin, 
continued 

Stormwater,  
continued 

S.1 NPDES Phase II Post 
Construction Rules 

15A NCAC 02H .0154 

o NPDES Phase II Post Construction requirements 
• Trigger for Phase II review: ≥ 1 acre disturbance 
• < 24% impervious or > 2 du/acre, requires infiltration practices 
• > 24% impervious or > 2 du/acre, requires structural control 
 Treat first 1 inch of rainfall - 85% TSS removal 
 Control 1-year, 24-hr storm 

• DEMLR enforced and implemented 
Floodplain E.2 Zoning Ordinance § 4.14 o Fill and development is allowed, only when: 

• No-rise condition 
• Variance approved by Board of Adjustment 

Riparian Buffer E.3 Zoning Ordinance § 4.18 o Applies to watershed larger than 50 acres 
• 30-foot buffer prohibiting land disturbance and vegetative clearing 
• 45-foot managed use zone prohibiting buildings immediately follows buffer zone 
• 25-foot upland zone allowing only small buildings of less than 12 feet 

immediately follows managed use zone 
Erosion and 

Sedimentation Control 
S.5 N.C. Erosion and 

Sedimentation Control 
15A NCAC 04B 

o Program implemented and enforced by DEMLR 

Wetland Protection U.1 Clean Water Act 
§ 401 and 404 

o USACE permit required for any activity that includes a disturbance of wetlands or 
streams and for any activity that may result in a discharge to the waters of the 
U.S. 

Open Space / Parks E.4 Zoning Ordinance § 5 o 10% open space requirements for mixed use developments 
Water Use A.11 Union County Water Use 

Ordinance 
o Subject to the requirements of adopted Union County Water Use Ordinance 

Land Use E.5 Land Use Plan o Set of goals established to preserve the low-density residential and rural 
character of the village 

E.6 Zoning Ordinance § 3 o Land zoned into four zoning districts or conditional zoning districts 
Tree Preservation E.7 Code of Ordinances § 93 o Tree removal permit required for trees that meet any of the following criteria: 

• Canopy trees that are 12-inches or greater DBH  
• Trees growing on a slope greater than 25% 
• Any heritage or specimen trees 

Regional 
Transportation 

Planning 

R.1 Western Union County 
Regional Transportation 

Plan 

o Multi-community regional and integrated multimodal transportation plan with the 
purpose of adequately serving the transportation needs of the communities while 
minimizing direct and cumulative impacts  

Endangered Species U.2 Federal Endangered 
Species Act 

o Prevents the harming of federal endangered and threatened animals and plants 
and their habitats 

Town of 
Weddington 

Stormwater F.1 Code of Ordinances, 
Chapter 58, Article XIII, 

Division 6 

o Contains general language that development is not to impede the natural flow or to 
cause damage to adjacent properties 
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Reference 1 

Description 

Town of 
Weddington, 

continued 

Stormwater,  
continued 

S.1 NPDES Phase II Post 
Construction Rules  

15A NCAC 02H .0154 

o NPDES Phase II Post Construction requirements 
• Trigger for Phase II review: ≥ 1 acre disturbance 
• < 24% impervious or > 2 du/acre, requires infiltration practices 
• > 24% impervious or > 2 du/acre, requires structural control 
 Treat first 1 inch of rainfall - 85% TSS removal 
 Control 1-year, 24-hr storm 

• DEMLR enforced and implemented 
Floodplain F.2 Code of Ordinances, 

Chapter 58, Article XIII, 
Division 5 

o Fill and development is allowed  
o Requirements are similar to FEMA 

Erosion and 
Sedimentation Control 

S.5 N.C. Erosion and 
Sedimentation Control 

15A NCAC 04B 

o Program implemented and enforced by DEMLR 

Wetland Protection U.1 Clean Water Act 
§ 401 and 404 

o USACE permit required for any activity that includes a disturbance of wetlands or 
streams and for any activity that may result in a discharge to the waters of the 
U.S. 

Open Space / Parks F.3 Land Use Plan o Policy of preserving open space through zoning policies  
F.4 Zoning Ordinance § 58-58 o Conservation zoning district requires that a minimum of 10% of gross area is 

open space 
Water Use A.11 Union County Water Use 

Ordinance 
o Subject to the requirements of adopted Union County Water Use Ordinance 

Land Use F.3 Land Use Plan o Serves as guide to achieve community vision, through goals and policies 
o Updated every five years 

F.5 Zoning Ordinance § 58-5 o Land zoned into four residential, two commercial, or four conditional zoning 
districts 

Historic Preservation A.14 Union County Historic 
Preservation Commission 

o Member of Joint Commission dedicated to the conservation of historic districts 
and landmarks  

Regional 
Transportation 

Planning 

R.1 Western Union County 
Regional Transportation 

Plan 

o Multi-community regional and integrated multimodal transportation plan with the 
purpose of adequately serving the transportation needs of the communities while 
minimizing direct and cumulative impacts  

Endangered Species U.2 Federal Endangered 
Species Act 

o Prevents the harming of federal endangered and threatened animals and plants 
and their habitats 

Town of Indian 
Trail 

Stormwater G.1 UDO Chapter 1370 o Requires peak control for 2-, 10-, 25-, 50-, and 100-year, 24-hour storm events 
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Reference 1 
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Town of Indian 
Trail, continued 

Stormwater,  
continued 

G.2 Post-Construction 
Stormwater Ordinance § 3  

 

o Stormwater management in the Twelve Mile, Crooked Creek, and Goose Creek 
Districts: 
• Design standards comply with NPDES Phase II Post Construction 
 >24% impervious threshold (Twelve Mile and Crooked Creek) 
 >10% impervious threshold (Goose Creek)  

• Requires additional peak control for the 1-year, 24-hour storm event in the 
Goose Creek watershed 

• Requires downstream impact analysis to show no impact at 10% watershed 
location for 50- and 100-year, 24-hour storm events 

• All development creating 20,000 square feet or more of impervious area must 
provide peak control  

o NPDES Phase II Post-Construction requirements 
• Trigger for Phase II review: ≥ 1 acre disturbance 
• < 24% impervious, requires infiltration practices 
• > 24% impervious, requires structural control 
 85% TSS removal 
 Control 1-year, 24-hr storm 

• Town enforced and implemented 
S.2 Goose Creek Water 

Quality Management Plan 
15A NCAC 2B .0602 

o Portions of Indian Trail are subject to Goose Creek Water Quality Management 
Plan 
• Detention pond draw down no faster than 48 hours and no slower than 120 

hours 
• Discharge rate of storage volume ≤ pre-development rate for 1-year, 24-hr 

storm 
• ≥ 85% annual average TSS removal 

Floodplain G.3 UDO Chapter 1360 o Fill and development is allowed only when: 
• No-rise condition 
• Variance approved by Board of Adjustment 
• Floodplains are required to be mapped for watersheds generating more than 50 

cfs  
Riparian Buffer G.2 Post-Construction 

Stormwater Ordinance § 3 
o Applies to streams shown on the County soil map (Twelve Mile and Crooked Creek 

Watersheds): 
• 30-foot buffer prohibiting land disturbance and vegetative clearing  

S.3 Goose Creek Water 
Quality Management Plan 

15A NCAC 2B .0605 

o Portions of Indian Trail are subject to Goose Creek Water Quality Management 
Plan 
• 200-foot undisturbed buffer within 100-year floodplain 
• 100-foot buffer in all other areas 

Erosion and 
Sedimentation Control 

G.4 UDO Chapter 1150 o Must comply with requirements of North Carolina Pollution Control Act 
o Program implemented and enforced by DEMLR 

Wetland Protection U.1 Clean Water Act 
§ 401 and 404 

o USACE permit required for any activity that includes a disturbance of wetlands or 
streams and for any activity that may result in a discharge to the waters of the 
U.S. 
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Reference 1 
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Town of Indian 
Trail, continued 

Open Space / Parks G.5 Comprehensive Plan o Recommended use of open space as an amenity surrounding development and 
promotion of residential developments that preserves open space 

G.6 Zoning Ordinance § 
660,670, 680 

o ≥ 25% open space required in downtown district 
o ≥ 35% open space required in traditional neighborhood districts 
o ≥ 5% open space required in mixed used districts 

Water Use A.11 Union County Water Use 
Ordinance 

o Subject to the requirements of adopted Union County Water Use Ordinance 

Land Use G.5 Comprehensive Plan o Provides guidance on future development within the Town and establishes the 
basis for zoning, land use, economic development, public facilities and utilities 
decision-making by Town officials 

G.7 Zoning Ordinance § 130 o Land zoned into eight residential, six commercial, three industrial, or six other 
conditional zoning districts 

Historic Preservation A.14 Union County Historic 
Preservation Commission 

o Member of Joint Commission dedicated to the conservation of historic districts 
and landmarks  

Tree Preservation G.8 UDO Chapter 830 o Town approved tree inventory and tree protection plan required prior to removal 
of trees 

Endangered Species U.2 Federal Endangered 
Species Act 

o Prevents the harming of federal endangered and threatened animals and plants 
and their habitats 

S.4 Goose Creek Water 
Quality Management Plan 

15A NCAC 2B .0604 

o Prohibits activities that result in a direct or indirect discharge that causes toxicity 
to the Carolina heelsplitter (Lasmigona decorata) endangered mussel 

o Direct or indirect discharges that may cause NH3-N toxicity to the Carolina 
heelsplitter must take action to reduce NH3-N inputs to 0.5 mg/L 

Town of 
Stallings 

 

Stormwater  H.1 Post-Construction 
Stormwater Ordinance § 3  

o Stormwater management in the Twelve Mile, Crooked Creek, and Goose Creek 
Districts 
• Design standards comply with NPDES Phase II Post Construction 
 >24% impervious threshold (Twelve Mile and Crooked Creek) 
 >10% impervious threshold (Goose Creek)  

• Requires additional peak control for the 1-year, 24-hour storm event in the 
Goose Creek watershed 

• Requires downstream impact analysis to show no impact at 10% watershed 
location for 50- and 100-year, 24-hour storm events 

• All development creating 20,000 square feet or more of impervious area must 
provide peak control  

o NPDES Phase II Post-Construction requirements 
• Trigger for Phase II review: ≥ 1 acre disturbance 
• < 24% impervious, requires infiltration practices 
• > 24% impervious, requires structural control 
 85% TSS removal 
 Control 1-year, 24-hr storm 

• Town enforced and implemented 
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Town of 
Stallings, 
continued 

Stormwater, 
continued 

S.2 Goose Creek Water 
Quality Management Plan 

15A NCAC 2B .0602 

o Portions of Stallings are subject to Goose Creek Water Quality Management Plan 
• Detention pond draw down no faster than 48 hours and no slower than 120 

hours 
• Discharge rate of storage volume ≤ pre-development rate for 1-year, 24-hr 

storm 
• ≥ 85% annual average TSS removal 

Floodplain H.2 UDO § 5.10  o Fill and development is allowed  
o Requirements are similar to FEMA 

Riparian Buffer H.3 UDO § 5.12 o Applies to streams shown on the County soil map (Twelve Mile and Crooked Creek 
Watersheds): 
• 30-foot buffer prohibiting land disturbance and vegetative clearing 

S.3 Goose Creek Water 
Quality Management Plan 

15A NCAC 2B .0605 

o Portions of Stallings are subject to Goose Creek Water Quality Management Plan 
• 200-foot undisturbed buffer within 100-year floodplain 
• 100-foot buffer in all other areas 

Erosion and 
Sedimentation Control 

S.5 N.C. Erosion and 
Sedimentation Control  

15A NCAC 04B 

o Program implemented and enforced by DEMLR 

Wetland Protection U.1 Clean Water Act 
§ 401 and 404 

o USACE permit required for any activity that includes a disturbance of wetlands or 
streams and for any activity that may result in a discharge to the waters of the 
U.S. 

Open Space / Parks H.4 UDO Article 10 o Minimum of 1/35th of an acre must be dedicated to a park or open space per 
dwelling unit in a planned development 

o Minimum size of dedicated park space is 2 acres 
H.5 UDO Article 6 o Single Family Residential zoning districts require a minimum of 10% open space 

for areas with more than 10 lots 
o Multifamily residential zoning districts require 20% open space 
o Town Center and Retail districts require 10% open space for areas between 2 

and 5 acres and 15% for areas greater than 5 acres 
Water Use A.11 Union County Water Use 

Ordinance 
o Subject to the requirements of adopted Union County Water Use Ordinance 

Land Use H.6 Land Use Plan o Set of goals, objectives, and policies established to direct land use and growth 
decisions 

H.7 UDO Article 3 o Land zoned into six residential, six commercial, two industrial, or six other 
conditional zoning districts 

Historic Preservation A.14 Union County Historic 
Preservation Commission 

o Member of Joint Commission dedicated to the conservation of historic districts 
and landmarks  

Tree Preservation H.8 UDO Article 7 o Town-approved Landscape Protection Plan is required for all development 
activities 
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Town of 
Stallings, 
continued 

Endangered Species U.2 Federal Endangered 
Species Act 

o Prevents the harming of federal endangered and threatened animals and plants 
and their habitats 

S.4 Goose Creek Water 
Quality Management Plan 

15A NCAC 2B .0604 

o Prohibits activity with a direct or indirect discharge toxic to the Carolina 
heelsplitter (Lasmigona decorata) 

o NH3-N input limit of 0.5 mg/L 

Town of Hemby 
Bridge 

 

Stormwater  S.1 NPDES Phase II Post 
Construction Rules 

15A NCAC 02H .0154 

o NPDES Phase II Post Construction requirements 
• Trigger for Phase II review: ≥ 1 acre disturbance 
• < 24% impervious or > 2 du/acre, requires infiltration practices 
• > 24% impervious or > 2 du/acre, requires structural control 
 Treat first 1 inch of rainfall - 85% TSS removal 
 Control 1-year, 24-hr storm 

• DEMLR enforced and implemented 
S.2 Goose Creek Water 

Quality Management Plan 
15A NCAC 2B .0602 

o Portions of Hemby Bridge are subject to Goose Creek Water Quality Management 
Plan 
• Detention pond draw down no faster than 48 hours and no slower than 120 

hours 
• Discharge rate of storage volume ≤ pre-development rate for 1-year, 24-hr 

storm 
• ≥ 85% annual average TSS removal 

Floodplain A.4 Unified Development 
Ordinance, § 65.030 

o Town adopted Union County’s Unified Development Ordinance with floodplain 
provisions 
• No development in the floodplain except for essential services 

Riparian Buffer S.3 Goose Creek Water 
Quality Management Plan 

15A NCAC 2B .0605 

o Portions of Hemby Bridge are subject to Goose Creek Water Quality Management 
Plan 
• 200-foot undisturbed buffer within 100-year floodplain 
• 100-foot buffer in all other areas 

Erosion and 
Sedimentation Control 

S.5 N.C. Erosion and 
Sedimentation Control 

15A NCAC 04B 

o Minimum statewide rules 
o Program implemented and enforced by DEMLR 

Wetland Protection U.1 Clean Water Act 
§ 401 and 404 

o USACE permit required for any activity that includes a disturbance of wetlands or 
streams and for any activity that may result in a discharge to the waters of the 
U.S. 

Open Space / Parks A.9 Union County 2025 
Comprehensive Plan 

o Union County holds planning and zoning jurisdiction in Hemby Bridge 

A.8 Unified Development 
Ordinance, § 5.030 

o Subject to the open space requirements of Union County Unified Development 
Ordinance 

Water Use A.11 Union County Water Use 
Ordinance 

o Subject to the requirements of adopted Union County Water Use Ordinance 
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Town of Hemby 
Bridge, 

continued 

Land Use A.9 Union County 2025 
Comprehensive Plan 

o Union County holds planning and zoning jurisdiction in Hemby Bridge 

A.13 Unified Development 
Ordinance, § 5.010 

o Subject to the zoning requirements of Union County’s Unified Development 
Ordinance 

Endangered Species U.2 Federal Endangered 
Species Act 

o Prevents the harming of federal endangered and threatened animals and plants 
and their habitats 

S.4 Goose Creek Water 
Quality Management Plan 

15A NCAC 2B .0604 

o Prohibits activities that result in a direct or indirect discharge that causes toxicity 
to the Carolina heelsplitter (Lasmigona decorata) endangered mussel 

o Direct or indirect discharges that may cause NH3-N toxicity to the Carolina 
heelsplitter must take action to reduce NH3-N inputs to 0.5 mg/L 

Village of Lake 
Park 

Stormwater J.1 UDO Article 14 o Requires peak control for 1-, 2-, 10-, and 25-year, 24-hour storm events 

J.2 Post-Construction 
Stormwater Controls 

Ordinance 

o NPDES Phase II Post Construction requirements 
• Trigger for Phase II review: ≥ 1 acre disturbance 
• < 24% impervious or > 2 du/acre, requires infiltration practices 
• > 24% impervious or > 2 du/acre, requires structural control 
 Treat first 1 inch of rainfall - 85% TSS removal 
 Control 1-year, 24-hr storm 

• Village enforced and implemented 
Floodplain J.3 UDO § 3.10 o Fill and development is allowed  

o Requirements are similar to FEMA 
Riparian Buffer J.1 UDO Article 14 o Applies to streams shown on County soil map 

• 30-foot buffer prohibiting built-upon area 
Erosion and 

Sedimentation Control 
S.5 N.C. Erosion and 

Sedimentation Control 
15A NCAC 04B 

o Program implemented and enforced by DEMLR  

Wetland Protection U.1 Clean Water Act 
§ 401 and 404 

o USACE permit required for any activity that includes a disturbance of wetlands or 
streams and for any activity that may result in a discharge to the waters of the 
U.S. 

Open Space / Parks J.4 UDO Article 1 o Stated purpose includes ensuring the provision of adequate open space 
Water Use A.11 Union County Water Use 

Ordinance 
o Subject to the requirements of adopted Union County Water Use Ordinance 

Land Use J.4 UDO Article 1 o Guides growth and development in the Town 
o Goals of preserving and protecting vital environmental resources, preserving 

character of residential neighborhoods, and providing adequate open space 
J.5 UDO Article 4 o Land zoned into seven residential and four non-residential districts 

Endangered Species U.2 Federal Endangered 
Species Act 

o Prevents the harming of federal endangered and threatened animals and plants 
and their habitats 
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Town of Fairview 

 

Stormwater S.1 NPDES Phase II Post 
Construction Rules 

15A NCAC 02H .0154 

o NPDES Phase II Post Construction requirements 
• Trigger for Phase II review: ≥ 1 acre disturbance 
• < 24% impervious or > 2 du/acre, requires infiltration practices 
• > 24% impervious or > 2 du/acre, requires structural control 
 Treat first 1 inch of rainfall - 85% TSS removal 
 Control 1-year, 24-hr storm 

• DEMLR enforced and implemented 
K.1 Land Use Ordinance, 

Article XVI, Part II 
o No development that impedes the natural flow of water from higher adjacent 

properties 
o No development that collects and channels surface waters onto lower adjacent 

properties, causing damage 
S.2 Goose Creek Water 

Quality Management Plan 
15A NCAC 2B .0602 

o Portions of Fairview are subject to Goose Creek Water Quality Management Plan 
• Detention pond draw down no faster than 48 hours and no slower than 120 

hours 
• Discharge rate of storage volume ≤ pre-development rate for 1-year, 24-hr 

storm 
• ≥ 85% annual average TSS removal 

Floodplain K.2 Land Use Ordinance, 
Article XVI, Part I 

o Fill and development is allowed  
o Requirements are similar to FEMA 

Riparian Buffer S.3 Goose Creek Water 
Quality Management Plan 

15A NCAC 2B .0605 

o Portions of Fairview are subject to Goose Creek Water Quality Management Plan 
• 200-foot undisturbed buffer within 100-year floodplain 
• 100-foot buffer in all other areas 

Erosion and 
Sedimentation Control 

S.5 Land Use Ordinance, 
Article XVI, Part II 

o Program modeled after state program and enforced by DEMLR 

Wetland Protection U.1 Clean Water Act 
§ 401 and 404 

o USACE permit required for any activity that includes a disturbance of wetlands or 
streams and for any activity that may result in a discharge to the waters of the 
U.S. 

Open Space / Parks K.3 Land Use Plan o Guideline of promoting and preserving open space 
K.4 Land Use Ordinance, 

Article XII § 187 
o Cluster subdivisions permitted only if deviations from the minimum lot size 

regulations are offset by common open space 
Water Use A.11 Union County Water Use 

Ordinance 
o Subject to the requirements of adopted Union County Water Use Ordinance 

Land Use K.5 Land Use Ordinance, 
Article IX 

o Establishes regulations for zoning, development, and recreational facilities 
o Created to implement planning policies from the Land Use Plan 
o Land Zoned into one of five residential, seven commercial, or one industrial 

district 
Tree Preservation K.3 Land Use Plan o Guideline of avoiding the destruction of trees and landscape where possible 
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Jurisdiction Topic EIS Key Ordinance or 
Reference 1 

Description 

Town of 
Fairview, 
continued 

Endangered Species U.2 Federal Endangered 
Species Act 

o Prevents the harming of federal endangered and threatened animals and plants 
and their habitats 

S.4 Goose Creek Water 
Quality Management Plan 

15A NCAC 2B .0604 

o Prohibits activity with a direct or indirect discharge toxic to the Carolina 
heelsplitter (Lasmigona decorata) 

o NH3-N input limit of 0.5 mg/L 

Town of 
Unionville 

Stormwater  S.1 NPDES Phase II Post 
Construction Rules 

15A NCAC 02H .0154 

o NPDES Phase II Post Construction requirements 
• Trigger for Phase II review: ≥ 1 acre disturbance 
• < 24% impervious or > 2 du/acre, requires infiltration practices 
• > 24% impervious or > 2 du/acre, requires structural control 
 Treat first 1 inch of rainfall - 85% TSS removal 
 Control 1-year, 24-hr storm 

• DEMLR enforced and implemented 

L.1 Land Use Ordinance, 
Article XVI, Part II 

o To the extent practicable, all development shall conform to the natural contours of 
the land and natural and pre-existing man-made drainage ways shall remain 
undisturbed 

o  To the extent practicable, lot boundaries will be made to coincide with natural 
and pre-existing man-made drainage ways 

L.2 Land Use Ordinance, 
Article XXI, § 333  

o Lake Twitty Watershed, Critical Area  
• Maximum density of single family residential of 1 du/40,000 scf 
• Maximum development of 12% built upon area 

o Lake Twitty Watershed, Balance of Watershed 
• Maximum density of single family residential of 2 du/40,000 scf 
• Maximum development of 24% built upon area 

Floodplain L.3 Land Use Ordinance, 
Article XVI, Part I 

o Fill and development is allowed  
o Requirements are similar to FEMA 

Riparian Buffer L.4 Land Use Ordinance, 
Article XXI § 335 

o Applies to all perennial waters shown on USGS map 
• 30-foot buffer prohibiting land disturbance and vegetative clearing 

Erosion and 
Sedimentation Control 

L.1 Land Use Ordinance, 
Article XVI, Part II 

o Program modeled after state program and enforced by DEMLR 

Wetland Protection U.1 Clean Water Act 
§ 401 and 404 

o USACE permit required for any activity that includes a disturbance of wetlands or 
streams and for any activity that may result in a discharge to the waters of the 
U.S. 

Open Space / Parks L.5 Land Use Plan o Encourages the reservation of land for parks and open space, and seeking the 
dedication of parkland or fees-in-lieu through the subdivision process  

L.6 Land Use Ordinance, 
Article XII § 190 

o Density thresholds within zoning districts permitted to be exceed by up to 25% if 
smart residential design techniques are used, including setting aside a minimum 
of 10% open space 

Water Use A.11 Union County Water Use 
Ordinance 

o Subject to the requirements of adopted Union County Water Use Ordinance 
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Jurisdiction Topic EIS Key Ordinance or 
Reference 1 

Description 

Town of 
Unionville, 
continued 

Land Use L.5 Land Use Plan o Established to guide town planning to preserve the Town’s character as an 
agricultural and low-density residential community with a well-defined downtown 
area  

L.7 Land Use Ordinance, 
Article IX 

o Land zoned into one of nine residential, seven commercial, or two industrial 
districts 

Tree Preservation L.8 Land Use Ordinance, 
Article XIX § 315 

o Encourages the retention and protection of existing large trees to the maximum 
extent possible, consistent with the development process 

Endangered Species U.2 Federal Endangered 
Species Act 

o Prevents the harming of federal endangered and threatened animals and plants 
and their habitats 

Town of Wingate Stormwater S.1 NPDES Phase II Post 
Construction Rules  

15A NCAC 02H .0154 

o NPDES Phase II Post Construction requirements 
• Trigger for Phase II review: ≥ 1 acre disturbance 
• < 24% impervious or > 2 du/acre, requires infiltration practices 
• > 24% impervious or > 2 du/acre, requires structural control 
 Treat first 1 inch of rainfall - 85% TSS removal 
 Control 1-year, 24-hr storm 

• DEMLR enforced and implemented 
Floodplain M.1 Land Use Ordinance, 

Article XVI 
o Fill and development is allowed  
o Requirements are similar to FEMA 

Erosion and 
Sedimentation Control 

S.5 NC Erosion and 
Sedimentation Control 

15A NCAC 04B 

o Program implemented and enforced by DEMLR 

Wetland Protection U.1 Clean Water Act 
§ 401 and 404 

o USACE permit required for any activity that includes a disturbance of wetlands or 
streams and for any activity that may result in a discharge to the waters of the 
U.S. 

Open Space / Parks M.2 2020 Comprehensive Plan o Goal of increasing the amount and number of open space and parks 
M.3 Land Use Ordinance, 

Article XII § 187 
o Cluster subdivisions permitted only if deviations from the minimum lot size 

regulations are offset by common open space 
Water Use M.4 Code of Ordinances, 

Chapter 52 
o Requirements similar to the Union County Water Conservation Ordinance, last 

amended in 2009  
Land Use M.2 2020 Comprehensive Plan o Serves as a guide for land use and community planning  

M.5 Land Use Ordinance, 
Article IX 

o Land zoned into one of seven residential, five commercial, or two industrial 
districts 

Historic Preservation A.14 Union County Historic 
Preservation Commission 

o Member of Joint Commission dedicated to the conservation of historic districts 
and landmarks  

Endangered Species U.2 Federal Endangered 
Species Act 

o Prevents the harming of federal endangered and threatened animals and plants 
and their habitats 

1 All references are provided in the reference section of this EIS. 
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Table 6-3 Areas of Potential Impacts to be Addressed by Permitting and Mitigation Programs 

Environmental 
Resource 

Direct Impact 
Potential 

Indirect and 
Cumulative 
Impact 
Potential 

Types of Potential 
Impacts Community Mitigation Programs EIS Key 

Topography and 
Geology 

Alt 1A – Minor Minor  
Minor 

Direct: 
• Temporary impacts during 

construction of raw water 
collection system and 
transmission lines 

• Permanent impacts from 
grading at pump stations, 
intakes, access roads, and 
WTP site 

 
Indirect: 
• Topography changes from 

development 
 

Union County Floodplain Protection A.4 
Alt 1B – Minor  Riparian Buffer Protection A.5, S.3, A.6 

 Alt 2A – Minor Minor  Open Space / Parks A.8, A.9, A.10 
 Alt 2B -- Minor  Minor Town of Waxhaw Floodplain Protection B.2 
 Alt 3A -- Minor Minor  Open Space / Parks B.3, B.4 
 Alt 3B -- Minor Minor Town of Mineral 

Springs 
Floodplain Protection C.2 

 Alt 4 -- Minor Minor  Riparian Buffer Protection C.3 
 Alt 5 -- Minor Minor  Open Space / Parks C.4, C.5 
 Alt 6 -- Minor Minor Village of Wesley 

Chapel 
Floodplain Protection D.2 

 Alt 7-- Minor Minor   Open Space / Parks D.4 
 Alt 8 -- Minor Minor  Village of Marvin Floodplain Protection E.2 
 Alt 9 -- Negligible Minor   Riparian Buffer Protection E.3 
 Alt 11 -- Minor Minor   Open Space / Parks E.4 
 WTP A -- Minor Minor  Town of Weddington Floodplain Protection F.2 
 WTP B -- Minor Minor   Open Space / Parks F.3, F.4 
 WTP C -- Minor Minor  Town of Indian Trail Floodplain Protection G.3 
 No-Action - Minor Minor   Riparian Buffer Protection G.2, S.3 
     Open Space / Parks G.5, G.6 
    Town of Stallings Floodplain Protection H.2 
     Riparian Buffer Protection H.3, S.3 
     Open Space / Parks H.4, H.5 
    Town of Hemby Bridge Floodplain Protection A.4 
     Riparian Buffer Protection S.3 
     Open Space / Parks A.9, A.8 

    Village of Lake Park Floodplain Protection J.3 
     Riparian Buffer Protection J.1 
     Open Space / Parks J.4 
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Environmental 
Resource 

Direct Impact 
Potential 

Indirect and 
Cumulative 
Impact 
Potential 

Types of Potential 
Impacts Community Mitigation Programs EIS Key 

Topography and 
Geology 
(con’t) 

   Town of Fairview Floodplain Protection K.2 
    Riparian Buffer Protection S.3 

     Open Space / Parks K.3, K.4 

    Town of Unionville Floodplain Protection L.3 

     Riparian Buffer Protection L.4 

     Open Space / Parks L.5, L.6 

    Town of Wingate Floodplain Protection M.1 

     Open Space / Parks M.2, M.3 

Soils Alt 1A – Minor Minor Direct: 
• Temporary impacts from land 

clearing and construction 
activities 

• Permanent impacts at pump 
stations, intakes, access 
roads, transmission lines, and 
WTP site 

 
Indirect: 
• Soil erosion from new 

development 

Union County Erosion / Sed Control A.7 

 Alt 1B – Minor Minor  Open Space / Parks A.8, A.9, A.10 
 Alt 2A – Minor Minor Town of Waxhaw Erosion / Sed Control S.5 
 Alt 2B --  Minor Minor  Open Space / Parks B.3, B.4 
 Alt 3A -- Minor Minor Town of Mineral 

Springs 
Erosion / Sed Control S.5 

 Alt 3B -- Minor Minor  Open Space / Parks C.4, C.5 
 Alt 4 -- Minor Minor Village of Wesley 

Chapel 
Erosion / Sed Control D.3 

 Alt 5 -- Minor Minor  Open Space / Parks D.4 
 Alt 6 -- Minor Minor Village of Marvin Erosion / Sed Control S.5 
 Alt 7-- Minor Minor   Open Space / Parks E.4 
 Alt 8 -- Minor Minor  Town of Weddington Erosion / Sed Control S.5 
 Alt 9 -- Negligible Minor   Open Space / Parks F.3, F.4 
 Alt 11 -- Minor Minor  Town of Indian Trail Erosion / Sed Control G.4 
 WTP A -- Minor Minor   Open Space / Parks G.5, G.6 
 WTP B -- Minor Minor  Town of Stallings Erosion / Sed Control S.5 
 WTP C -- Minor Minor   Open Space / Parks H.4, H.5 
 No-Action - Minor Minor  Town of Hemby Bridge Erosion / Sed Control S.5 
     Open Space / Parks A.9, A.8 
    Village of Lake Park Erosion / Sed Control S.5 
     Open Space / Parks J.4 
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Environmental 
Resource 

Direct Impact 
Potential 

Indirect and 
Cumulative 
Impact 
Potential 

Types of Potential 
Impacts Community Mitigation Programs EIS Key 

Soils 
(con’t) 

   Town of Fairview Erosion / Sed Control S.5 

     Open Space / Parks K.3, K.4 
    Town of Unionville Erosion / Sed Control L.3 
     Open Space / Parks L.5, L.6 
    Town of Wingate Erosion / Sed Control S.5 
     Open Space / Parks M.2, M.3 

Land Use Alt 1A – Minor Minor Direct: 
• Permanent conversion of 

agricultural and undeveloped, 
wooded land use for utility 
easement, pump stations, 
access roads, and WTP site  
 

Indirect: 
• Conversion of agricultural and 

undeveloped, wooded land 
use to residential and 
commercial use 

Union County Land Use  A.12, A.13 
Alt 1B – Minor Minor  Open Space / Parks A.8, A.9, A.10 
Alt 2A – Minor Minor Town of Waxhaw Land Use  B.6, B.7 

 Alt 2B -- Minor Minor  Open Space / Parks B.3, B.4 
 Alt 3A -- Minor Minor Town of Mineral 

Springs 
Land Use  C.4, C.7 

 Alt 3B -- Minor Minor  Open Space / Parks C.4, C.5 
 Alt 4 -- Minor Minor Village of Wesley 

Chapel 
Land Use  D.5, D.6 

 Alt 5 -- Minor Minor   Open Space / Parks D.4 
 Alt 6 -- Minor Minor  Village of Marvin Land Use  E.5, E.6 
 Alt 7-- Minor Minor   Open Space / Parks E.4 
 Alt 8 -- Minor Minor  Town of Weddington Land Use  F.3, F.5 
 Alt 9 -- Negligible Minor   Open Space / Parks F.3, F.4 
 Alt 11 -- Minor Minor  Town of Indian Trail Land Use  G.5, G.7 
 WTP A -- Minor Minor   Open Space / Parks G.5, G.6 
 WTP B -- Minor Minor  Town of Stallings Land Use  H.6, H.7 
 WTP C -- Minor Minor   Open Space / Parks H.4, H.5 
 No-Action - Minor Minor  Town of Hemby Bridge Land Use A.9, A.13 
     Open Space / Parks A.9, A.8 
    Village of Lake Park Land Use  J.4, J.5 
     Open Space / Parks J.4 
    Town of Fairview Land Use  K.5 
     Open Space / Parks K.3, K.4 
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Environmental 
Resource 

Direct Impact 
Potential 

Indirect and 
Cumulative 
Impact 
Potential 

Types of Potential 
Impacts Community Mitigation Programs EIS Key 

Land Use 
(con’t) 

   Town of Unionville Land Use  L.5, L.7 
    Open Space / Parks L.5, L.6 

    Town of Wingate Land Use  M.2, M.5 
     Open Space / Parks M.2, M.3 

Public Lands and 
Scenic, 
Recreational 
Areas, and State 
Natural Areas 

Alt 1A – Moderate Minor Direct: 
• Temporary impacts during 

construction 
• Permanent impacts from utility 

easement  
 

Indirect: 
• Conversion of adjacent land 

uses 

Union County Open Space / Parks A.8, A.9, A.10 
Alt 1B – Moderate Minor Town of Waxhaw Open Space / Parks B.3, B.4 
Alt 2A – Moderate Minor Town of Mineral 

Springs 
Open Space / Parks C.4, C.5 

 

Alt 2B – Moderate Minor Village of Wesley 
Chapel 

Open Space / Parks D.4 

 Alt 3A – Moderate Minor  Village of Marvin Open Space / Parks E.4 
 Alt 3B – Moderate Minor  Town of Weddington Open Space / Parks F.3, F.4 
 Alt 4 – Moderate Minor  Town of Indian Trail Open Space / Parks G.5, G.6 
 Alt 5 – Moderate Minor  Town of Stallings Open Space / Parks H.4, H.5 
 Alt 6 – Moderate Minor  Town of Hemby Bridge Open Space / Parks A.9, A.8 
 Alt 7—Moderate Minor  Village of Lake Park Open Space / Parks J.4 
 Alt 8 – Moderate Minor  Town of Fairview Open Space / Parks K.3, K.4 
 Alt 9 – Negligible Minor  Town of Unionville Open Space / Parks L.5, L.6 
 Alt 11 – Moderate Minor  Town of Wingate Open Space / Parks M.2, M.3 
 WTP A – Moderate Minor     
 WTP B – Moderate Minor     
 WTP C – Moderate Minor     
 No-Action - Moderate Minor     

Prime or Unique 
Agricultural Land 

Alt 1A – Negligible Minor Direct: 
• Permanent conversion of 

agricultural land for utility 
easement, pump stations, 
access roads, and WTP site  

Indirect: 
     

Union County Land Use  A.12, A.13 

 Alt 1B – Negligible Minor Town of Waxhaw Land Use B.6, B.7 
 Alt 2A – Negligible Minor Town of Mineral 

Springs 
Land Use  C.4, C.7 
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Environmental 
Resource 

Direct Impact 
Potential 

Indirect and 
Cumulative 
Impact 
Potential 

Types of Potential 
Impacts Community Mitigation Programs EIS Key 

Prime or Unique 
Agricultural Land 
(con’t) 

Alt 2B – Negligible Minor Village of Wesley 
Chapel 

Land Use D.5, D.6 

Alt 3A – Negligible Minor  Village of Marvin Land Use E.5, E.6 
 Alt 3B – Negligible Minor  Town of Weddington Land Use F.3, F.5 
 Alt 4 -- Negligible Minor  Town of Indian Trail Land Use G.5, G.7 
 Alt 5 – Negligible Minor  Town of Stallings Land Use H.6, H.7 
 Alt 6 – Negligible Minor  Town of Hemby Bridge Land Use  A.9, A.13 

 Alt 7 -- Negligible Minor  Village of Lake Park Land Use J.4, J.5 

 Alt 8 -- Negligible Minor  Town of Fairview Land Use  K.5 
 Alt 9 – Negligible Minor  Town of Unionville Land Use  L.5, L.7 

 Alt 11 – Negligible Minor  Town of Wingate Land Use  M.2, M.5 
 WTP A -- Minor Minor     
 WTP B -- Minor Minor     
 WTP C -- Minor Minor     
 No-Action - Minor Minor     

Areas of 
Archaeological or 
Historic Value 

Alt 1A – Negligible Negligible Direct: 
• No impacts to historic sites 
• Archaeological impact 

unknown, analysis to be 
completed upon review of 
preferred alternative; however, 
no impacts anticipated by 
utilizing existing, previously 
disturbed right-of-ways. 
 

Indirect: 
• Conversion of adjacent land 

uses 

Union County Historic Preservation  A.14, A.15 
Alt 1B – Negligible Negligible Town of Waxhaw Historic Preservation  A.14, B.8 
Alt 2A – Negligible Negligible Town of Weddington Historic Preservation  A.14 

 Alt 2B -- Negligible Negligible Town of Indian Trail Historic Preservation  A.14 
 Alt 3A -- Negligible Negligible Town of Stallings Historic Preservation A.14 
 Alt 3B -- Negligible Negligible Town of Wingate Historic Preservation A.14 
 Alt 4 -- Negligible Negligible    
 Alt 5 -- Negligible Negligible    

 Alt 6 -- Negligible Negligible     
 Alt 7-- Negligible Negligible     
 Alt 8 -- Negligible Negligible     
 Alt 9 -- Negligible Negligible     
 Alt 11 -- Negligible Negligible     
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Environmental 
Resource 

Direct Impact 
Potential 

Indirect and 
Cumulative 
Impact 
Potential 

Types of Potential 
Impacts Community Mitigation Programs EIS Key 

Areas of 
Archaeological or 
Historic Value 
(con’t) 

WTP A -- Minor Negligible     
WTP B -- Minor Negligible     
WTP C -- Minor Negligible     

 No-Action - Minor Negligible     
Air Quality Alt 1A – Negligible Negligible Direct: 

• Temporary increase in 
emissions during construction 

 

Indirect: 
• Reduction in air quality due to 

increased automobile traffic 
• Negative impacts to human 

health 
• Reduced visibility 

Union County Open Space / Parks A.8, A.9, A.10 
 Alt 1B – Negligible Negligible  Tree Preservation A.16 
 Alt 2A – Negligible Negligible Town of Waxhaw Open Space / Parks B.3, B.4 
 Alt 2B -- Negligible Negligible  Tree Preservation B.9 
 Alt 3A -- Negligible Negligible  Regional Trans. Planning R.1 
 Alt 3B -- Negligible Negligible Town of Mineral 

Springs 
Open Space / Parks C.4, C.5 

 Alt 4 -- Negligible Negligible Village of Wesley 
Chapel 

Open Space / Parks D.4 

 Alt 5 -- Negligible Negligible  Regional Trans. Planning R.1 
 Alt 6 -- Negligible Negligible  Village of Marvin Open Space / Parks E.4 
 Alt 7-- Negligible Negligible   Tree Preservation E.7 
 Alt 8 -- Negligible Negligible   Regional Trans. Planning R.1 
 Alt 9 -- Negligible Negligible  Town of Weddington Open Space / Parks F.3, F.4 

 Alt 11 -- Negligible Negligible  Town of Indian Trail Open Space / Parks G.5, G.6 
 WTP A -- Minor Negligible   Tree Preservation G.8 
 WTP B -- Minor Negligible  Town of Stallings Open Space / Parks H.4, H.5 
 WTP C -- Minor Negligible   Tree Preservation H.8 
 No-Action - Minor Negligible  Town of Hemby Bridge Open Space / Parks A.9, A.8 
    Village of Lake Park Open Space / Parks J.4 
    Town of Fairview Open Space / Parks K.3, K.4 
     Tree Preservation K.3 
    Town of Unionville Open Space / Parks L.5, L.6 
     Tree Preservation L.8 
    Town of Wingate Open Space / Parks M.2, M.3 
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Environmental 
Resource 

Direct Impact 
Potential 

Indirect and 
Cumulative 
Impact 
Potential 

Types of Potential 
Impacts Community Mitigation Programs EIS Key 

Noise Levels Alt 1A – Minor Minor Direct: 
• Temporary increase in noise 

during construction 
• Permanent increase in noise 

associated with pump station 
and WTP operation 
 

Indirect: 
• Increased overall noise in 

service area 

Union County Open Space / Parks A.8, A.9, A.10 
 Alt 1B – Minor Minor Town of Waxhaw Open Space / Parks B.3, B.4 
 Alt 2A – Minor Minor  Regional Trans. Planning R.1 
 Alt 2B - Minor Minor Town of Mineral 

Springs 
Open Space / Parks C.4, C.5 

 Alt 3A -- Minor Minor Village of Wesley 
Chapel 

Open Space / Parks D.4 

 Alt 3B -- Minor Minor  Regional Trans. Planning R.1 
 Alt 4 -- Minor Minor Village of Marvin Open Space / Parks E.4 
 Alt 5 -- Minor Minor  Regional Trans. Planning R.1 

 Alt 6 -- Minor Minor Town of Weddington Open Space / Parks F.3, F.4 

 Alt 7-- Minor Minor  Town of Indian Trail Open Space / Parks G.5, G.8 
 Alt 8 -- Minor Minor  Town of Stallings Open Space / Parks H.4, H.5 

 Alt 9 -- Negligible Minor  Town of Hemby Bridge Open Space / Parks A.9, A.8 

 Alt 11 -- Minor Minor  Village of Lake Park Open Space / Parks J.4 

 WTP A -- Minor Minor  Town of Fairview Open Space / Parks K.3, K.4 
 WTP B -- Minor Minor  Town of Unionville Open Space / Parks L.5, L.6 
 WTP C -- Minor Minor  Town of Wingate Open Space / Parks M.2, M.3 
 No-Action - Minor Minor     
Floodways and 
100-year 
Floodplains 

Alt 1A – Minor Negligible Direct: 
• Temporary impacts during 

construction of raw water 
collection system and 
transmission lines 

• Permanent impacts from 
grading at pump stations, 
intakes, access roads, and 
WTP site 

Indirect: 
• Potential loss of 100-year 

floodplain from development 
Isolation of floodplain due to 
stream channel entrenchment 

Union County Floodplain Protection A.4 
Alt 1B – Minor Negligible  Riparian Buffer Protection A.5, S.3, A.6 

 Alt 2A – Minor Negligible  Open Space / Parks A.8, A.9, A.10 
 Alt 2B -- Minor  Negligible Town of Waxhaw Floodplain Protection B.2 

 Alt 3A -- Minor Negligible  Open Space / Parks B.3, B.4 

 Alt 3B -- Minor Negligible Town of Mineral 
Springs 

Floodplain Protection C.2 

 Alt 4 -- Minor Negligible  Riparian Buffer Protection C.3 
 Alt 5 -- Minor Negligible  Open Space / Parks C.4, C.5 
 Alt 6 -- Minor Negligible Village of Wesley 

Chapel 
Floodplain Protection D.2 
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Environmental 
Resource 

Direct Impact 
Potential 

Indirect and 
Cumulative 
Impact 
Potential 

Types of Potential 
Impacts Community Mitigation Programs EIS Key 

Floodways and 
100-year 
Floodplains, 
continued 

Alt 7-- Minor Negligible   Open Space / Parks D.4 
Alt 8 -- Minor Negligible  Village of Marvin Floodplain Protection E.2 
Alt 9 -- Negligible Negligible   Riparian Buffer Protection E.3 

 Alt 11 -- Minor Negligible   Open Space / Parks E.4 
 WTP A -- Minor Negligible  Town of Weddington Floodplain Protection F.2 
 WTP B -- Minor Negligible   Open Space / Parks F.3, F.4 
 WTP C -- Minor Negligible  Town of Indian Trail Floodplain Protection G.3 
 No-Action - Minor Negligible   Riparian Buffer Protection G.2, S.3 
     Open Space / Parks G.5, G.6 
    Town of Stallings Floodplain Protection H.2 
     Riparian Buffer Protection H.3, S.3 
     Open Space / Parks H.4, H.5 
    Town of Hemby Bridge Floodplain Protection A.4 
     Riparian Buffer Protection S.3 
     Open Space / Parks A.9, A.8 

    Village of Lake Park Floodplain Protection J.3 
     Riparian Buffer Protection J.1 
     Open Space / Parks J.4 
    Town of Fairview Floodplain Protection K.2 
     Riparian Buffer Protection S.3 

     Open Space / Parks K.3, K.4 

    Town of Unionville Floodplain Protection L.3 

     Riparian Buffer Protection L.4 

     Open Space / Parks L.5, L.6 

    Town of Wingate Floodplain Protection M.1 

     Open Space / Parks M.2, M.3 
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Environmental 
Resource 

Direct Impact 
Potential 

Indirect and 
Cumulative 
Impact 
Potential 

Types of Potential 
Impacts Community Mitigation Programs EIS Key 

Wetlands Alt 1A – Negligible Negligible Direct: 
• Temporary impacts during 

construction to jurisdictional 
wetlands 

• Permanent conversion of 
forested wetlands to 
non-forested wetlands 
 

Indirect: 
• Wetland loss via development 
• Loss of habitat and habitat 

fragmentation 
• Loss of attenuation in flow 
• Loss of wetland function from 

pollutant loading 

Union County Wetland Protection U.1 

 Alt 1B – Minor Minor  Floodplain Protection A.4 

 Alt 2A – Minor Minor  Riparian Buffer Protection A.5, S.3, A.6 

 Alt 2B -- Minor Minor  Stormwater Control A.1, A.2, A.3, S.1, 
S.2 

 Alt 3A -- Moderate Minor Town of Waxhaw Wetland Protection U.1 

 Alt 3B -- Moderate Minor  Floodplain Protection B.2 

 Alt 4 – Negligible Negligible  Stormwater Control B.1, S.1 

 Alt 5 – Moderate Minor Town of Mineral 
Springs 

Wetland Protection U.1 

 Alt 6 – Minor Minor  Floodplain Protection C.2 
 Alt 7 -- Minor Minor  Riparian Buffer Protection C.3 
 Alt 8 – Minor Minor  Stormwater Control C.1, S.1 
 Alt 9 – Negligible Minor Village of Wesley 

Chapel 
Wetland Protection U.1 

 Alt 11 – Minor Minor   Floodplain Protection D.2 
 WTP A -- Minor Minor   Stormwater Control D.1, S.1 
 WTP B -- Minor Minor  Village of Marvin Wetland Protection U.1 
 WTP C -- Minor Minor   Floodplain Protection E.2 
 No-Action - Minor Minor   Riparian Buffer Protection E.3 
     Stormwater Control E.1, S.1 
    Town of Weddington Wetland Protection U.1 
     Floodplain Protection F.2 
     Stormwater Control F.1, S.1 
    Town of Indian Trail Wetland Protection U.1 
     Floodplain Protection G.3 
     Riparian Buffer Protection G.2, S.3 

     Stormwater Control G.1, G.2, S.2 
    Town of Stallings Wetland Protection U.1 
     Floodplain Protection H.2 
     Riparian Buffer Protection H.3, S.3 
     Stormwater Control H.1, S.2 
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Environmental 
Resource 

Direct Impact 
Potential 

Indirect and 
Cumulative 
Impact 
Potential 

Types of Potential 
Impacts Community Mitigation Programs EIS Key 

Wetlands, 
continued 

   Town of Hemby Bridge Wetland Protection U.1 
    Floodplain Protection A.4 

     Riparian Buffer Protection S.3 
     Stormwater Control S.1, S.2 
    Village of Lake Park Wetland Protection U.1 
     Floodplain Protection J.3 
     Riparian Buffer Protection J.1 
     Stormwater Control J.1, J.2 
    Town of Fairview Wetland Protection U.1 
     Floodplain Protection K.2 
     Riparian Buffer Protection S.3 
     Stormwater Control S.1, K.1, S.2 
    Town of Unionville Wetland Protection U.1 
     Floodplain Protection L.3 
     Riparian Buffer Protection L.4 
     Stormwater Control S.1, L.1, L.2 
    Town of Wingate Wetland Protection U.1 
     Floodplain Protection M.1 
     Stormwater Control  S.1 

Surface Water 
Resources 

Alt 1A – Moderate Minor Direct: 
• Temporary impact from stream 

crossings during construction 
• Permanent impact from 

stream / reservoir withdrawal 
 
Indirect: 
• Water quality degradation due 

to increase in stormwater 
runoff 

• Water quality impacts from 
withdrawal 

• Alteration of natural 
hydrograph 

• Alteration of channel 
morphology 

Union County Floodplain Protection A.4 
Alt 1B – Moderate Minor  Riparian Buffer Protection A.5, S.3, A.6 

 Alt 2A – Moderate Minor  Open Space / Parks A.8, A.9, A.10 
 Alt 2B -- Moderate Minor  Erosion / Sed Control A.7 
 Alt 3A -- Moderate Minor  Wetland Protection U.1 

 Alt 3B -- Moderate Minor  Land Use  A.12, A.13 

 Alt 4 -- Moderate Minor  Stormwater Control A.1, A.2, A.3, S.1, 
S.2 

 Alt 5 -- Moderate Moderate  Water Conservation A.11 

 Alt 6 – Minor Minor Town of Waxhaw Floodplain Protection B.2 

 Alt 7 – Minor Minor  Open Space / Parks B.3, B.4 

 Alt 8 – Minor Minor  Erosion / Sed Control S.5 
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Environmental 
Resource 

Direct Impact 
Potential 

Indirect and 
Cumulative 
Impact 
Potential 

Types of Potential 
Impacts Community Mitigation Programs EIS Key 

Surface Water 
Resources 
(con’t) 

Alt 9 – Negligible Minor   Wetland Protection U.1 
Alt 11 – Minor Minor   Land Use  B.6, B.7 
WTP A -- Minor Minor   Stormwater Control B.1, S.1 

 WTP B -- Minor Minor   Water Conservation B.5, A.11 
 WTP C -- Minor Minor  Town of Mineral 

Springs 
Floodplain Protection C.2 

 No-Action - Minor Minor   Riparian Buffer Protection C.3 
     Open Space / Parks C.4, C.5 
     Erosion / Sed Control S.5 
     Wetland Protection U.1 
     Land Use  C.4, C.7 
     Stormwater Control C.1, S.1 
     Water Conservation A.11 
   

 Village of Wesley 
Chapel 

Floodplain Protection D.2 

     Open Space / Parks D.4 
     Erosion / Sed Control D.3 
     Wetland Protection U.1 
     Land Use  D.5, D.6 
     Stormwater Control S.1 
     Water Conservation A.11 
    Village of Marvin Floodplain Protection E.2 
     Riparian Buffer Protection E.3 
     Open Space / Parks E.4 
     Erosion / Sed Control S.5 
     Wetland Protection U.1 
     Land Use  E.5, E.6 
     Stormwater Control E.1, S.1 
     Water Conservation A.11 
    Town of Weddington Floodplain Protection F.2 

     Open Space / Parks F.3, F.4 
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Environmental 
Resource 

Direct Impact 
Potential 

Indirect and 
Cumulative 
Impact 
Potential 

Types of Potential 
Impacts Community Mitigation Programs EIS Key 

Surface Water 
Resources 
(con’t) 

    Erosion / Sed Control S.5 
    Wetland Protection U.1 
    Land Use  F.3, F.4 

     Stormwater Control F.1, S.1 
     Water Conservation A.11 
    Town of Indian Trail Floodplain Protection G.3 
     Riparian Buffer Protection G.2, S.3 
     Open Space / Parks G.5, G.6 
     Erosion / Sed Control G.4 
     Wetland Protection U.1 
     Land Use  G.5, G.7 
     Stormwater Control G.1, G.2, S.2 
     Water Conservation A.11 
    Town of Stallings Floodplain Protection H.2 
     Riparian Buffer Protection H.3, S.3 
     Open Space / Parks H.4, H.5 
     Erosion / Sed Control S.5 
     Wetland Protection U.1 
     Land Use  H.6, H.7 
     Stormwater Control H.1, S.1 
     Water Conservation A.11 
    Town of Hemby Bridge Floodplain Protection A.4 
     Riparian Buffer Protection S.3 
     Open Space / Parks A.9, A.8 
     Erosion / Sed Control S.5 
     Wetland Protection U.1 
     Land Use  A.9, A.13 
    Town of Hemby 

Bridge, continued 
Stormwater Control S.1, S.2 

    Water Conservation A.11 

    Village of Lake Park Floodplain Protection J.3 
     Riparian Buffer Protection J.1 
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Environmental 
Resource 

Direct Impact 
Potential 

Indirect and 
Cumulative 
Impact 
Potential 

Types of Potential 
Impacts Community Mitigation Programs EIS Key 

Surface Water 
Resources 
(con’t) 

    Open Space / Parks J.4 
    Erosion / Sed Control S.5 
    Wetland Protection U.1 

     Land Use  J.4, J.5 
     Stormwater Control J.1, J.2 
     Water Conservation A.11 
    Town of Fairview Floodplain Protection K.2 
     Riparian Buffer Protection S.3 
     Open Space / Parks K.3, K.4 
     Erosion / Sed Control S.5 
     Wetland Protection U.1 
     Land Use  K.5 
     Stormwater Control S.1, K.1, S.2 
     Water Conservation A.11 
    Town of Unionville Floodplain Protection L.3 
     Riparian Buffer Protection L.4 
     Open Space / Parks L.5, L.6 
     Erosion / Sed Control L.1 
     Wetland Protection U.1 
     Land Use  L.5, L.7 
     Stormwater Control S.1, L.1, L.2 
     Water Conservation A.11 
    Town of Wingate Floodplain Protection M.1 

     Open Space / Parks M.2, M.3 

     Erosion / Sed Control S.5 

     Wetland Protection U.1 

    Town of Wingate, 
continued 

Land Use  M.2, M.5 

     Stormwater Control S.1 

     Water Conservation M.4 
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Environmental 
Resource 

Direct Impact 
Potential 

Indirect and 
Cumulative 
Impact 
Potential 

Types of Potential 
Impacts Community Mitigation Programs EIS Key 

Groundwater 
Resources 

Alt 1A – Negligible Negligible Direct: 
• Permanent impact from 

groundwater withdrawal 
 

Indirect: 
• Potential for contamination 

leading to reduction in use for 
drinking water 

• Decrease in groundwater 
inflow reduces stream base 
flow, particularly during 
droughts 

Union County Land Use  A.12, A.13 
Alt 1B – Negligible Negligible Town of Waxhaw Land Use B.6, B.7 

 Alt 2A – Negligible Negligible Town of Mineral 
Springs 

Land Use C.4, C.7 

 Alt 2B -- Negligible Negligible Village of Wesley 
Chapel 

Land Use D.5, D.6 

 Alt 3A -- Negligible Negligible Village of Marvin Land Use E.5, E.6 
 Alt 3B -- Negligible Negligible Town of Weddington Land Use F.3, F.4 
 Alt 4 – Moderate Moderate Town of Indian Trail Land Use G.5, G.7 
 Alt 5 – Moderate Moderate Town of Stallings Land Use H.6, H.7 
 Alt 6 -- Negligible Negligible  Town of Hemby Bridge Land Use A.9, A.13 
 Alt 7-- Negligible Negligible  Village of Lake Park Land Use J.4, J.5 
 Alt 8 – Major Major  Town of Fairview Land Use K.5 
 Alt 9 -- Negligible Negligible  Town of Unionville Land Use L.5, L.7 
 Alt 11 -- Negligible Negligible  Town of Wingate Land Use M.2, M.5 
 WTP A -- Minor Negligible     
 WTP B -- Minor Negligible     
 WTP C -- Minor Negligible     
 No-Action - Minor Negligible     
Shellfish or Fish 
and Habitats 

Alt 1A – Minor Minor Direct: 
• Temporary impact during 

construction 
• Permanent impact from stream 

withdrawal and low head dams 
 

Indirect: 
• Aquatic habitat degradation 
• Change in stream morphology 
• Reduction in aquatic diversity 
• Reduction in long-term 

population sustainability 

Union County Floodplain Protection A.4 
Alt 1B – Minor Minor  Riparian Buffer Protection A.5, S.3, A.6 

 Alt 2A – Minor Minor  Open Space / Parks A.8, A.9, A.10 
 Alt 2B – Minor Minor  Erosion / Sed Control A.7 
 Alt 3A -- Minor Minor  Wetland Protection U.1 
 Alt 3B – Minor Minor  Land Use A.12, A.13 
 Alt 4 – Minor Minor  Stormwater Control A.1, A.2, A.3, S.1, 

S.2 
 Alt 5 -- Minor Minor  Water Conservation A.11 

 Alt 6 -- Minor Minor Town of Waxhaw Floodplain Protection B.2 

 Alt 7-- Minor Minor  Open Space / Parks B.3, B.4 

 Alt 8 -- Minor Minor   Erosion / Sed Control S.5 

 Alt 9 -- Negligible Minor   Wetland Protection U.1 
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Environmental 
Resource 

Direct Impact 
Potential 

Indirect and 
Cumulative 
Impact 
Potential 

Types of Potential 
Impacts Community Mitigation Programs EIS Key 

Shellfish or Fish 
and Habitats 
(con’t) 

Alt 11 -- Minor Minor   Land Use B.6, B.7 
WTP A -- Minor Minor   Stormwater Control B.1, S.1 
WTP B -- Minor Minor   Water Conservation B.5, A.11 

 WTP C -- Minor Minor 
 Town of Mineral 

Springs 
Floodplain Protection C.2 

 No-Action - Minor Minor   Riparian Buffer Protection C.3 
     Open Space / Parks C.4, C.5 
     Erosion / Sed Control S.5 
     Wetland Protection U.1  
     Land Use C.4, C.7 
     Stormwater Control C.1, S.1 
     Water Conservation A.11 
   

 
Village of Wesley 
Chapel 

Floodplain Protection D.2 

     Open Space / Parks D.4 
     Erosion / Sed Control D.3 
     Wetland Protection U.1 
     Land Use D.5, D.6 
     Stormwater Control D.1, S.1 
     Water Conservation A.11 
    Village of Marvin Floodplain Protection E.2 
     Riparian Buffer Protection E.3 
     Open Space / Parks E.4 
     Erosion / Sed Control S.5 
     Wetland Protection U.1 
     Land Use E.5, E.6 
     Stormwater Control E.1, S.1 
     Water Conservation A.11 
    Town of Weddington Floodplain Protection F.2 

     Open Space / Parks F.3, F.4 

     Erosion / Sed Control S.5 
     Wetland Protection U.1 
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Environmental 
Resource 

Direct Impact 
Potential 

Indirect and 
Cumulative 
Impact 
Potential 

Types of Potential 
Impacts Community Mitigation Programs EIS Key 

Shellfish or Fish 
and Habitats 
(con’t) 

    Land Use F.3, F.5 
    Stormwater Control F.1, S.1 
    Water Conservation A.11 

    Town of Indian Trail Floodplain Protection G.3 
     Riparian Buffer Protection G.2, S.3 
     Open Space / Parks G.5, G.6 
     Erosion / Sed Control G.4 
     Wetland Protection U.1 
     Land Use G.5, G.7 
     Stormwater Control G.1, G.2, S.2 
     Water Conservation A.11 
    Town of Stallings Floodplain Protection H.2 
     Riparian Buffer Protection H.3, S.3 
     Open Space / Parks H.4, H.5 
     Erosion / Sed Control S.5 
     Wetland Protection U.1 
     Land Use H.6, H.7 
     

 
Stormwater Control H.1, S.2 

    Water Conservation A.11 
    Town of Hemby Bridge Floodplain Protection A.4 
     Riparian Buffer Protection S.3 
     Open Space / Parks A.9, A.8 
     Erosion / Sed Control S.5 
     Wetland Protection U.1 
    Town of Hemby 

Bridge, continued 
Land Use A.9, A.13 

     Stormwater Control S.1, S.2 

     Water Conservation A.11 

    Village of Lake Park Floodplain Protection J.3 
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Environmental 
Resource 

Direct Impact 
Potential 

Indirect and 
Cumulative 
Impact 
Potential 

Types of Potential 
Impacts Community Mitigation Programs EIS Key 

Shellfish or Fish 
and Habitats 
(con’t) 

    Riparian Buffer Protection J.1 
    Open Space / Parks J.4 

    Erosion / Sed Control S.5 
     Wetland Protection U.1 

    Land Use J.4, J.5 
    Stormwater Control J.1, J.2 

     Water Conservation A.11 
    Town of Fairview Floodplain Protection K.2 
     Riparian Buffer Protection S.3 
     Open Space / Parks K.3, K.4 
     Erosion / Sed Control S.5 
     Wetland Protection U.1 
     Land Use K.5 
     Stormwater Control S.1, K.1, S.2 
     Water Conservation A.11 
    Town of Unionville Floodplain Protection L.3 
     Riparian Buffer Protection L.4 
     Open Space / Parks L.5, L.6 
     Erosion / Sed Control L.1 
     Wetland Protection U.1 
     Land Use L.5, L.7 
     Stormwater Control S.1, L.1, L.2 
     Water Conservation A.11 

    Town of Wingate Floodplain Protection M.1 

     Open Space / Parks M.2, M.3 

     Erosion / Sed Control S.5 

    Town of Wingate, 
continued 

Wetland Protection U.1 

    Land Use M.2, M.5 

     Stormwater Control S.1 

     Water Conservation M.4 
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Environmental 
Resource 

Direct Impact 
Potential 

Indirect and 
Cumulative 
Impact 
Potential 

Types of Potential 
Impacts Community Mitigation Programs EIS Key 

Forest Resources Alt 1A – Minor Minor Direct: 
• Permanent conversion to other 

land uses at pump stations, 
transmission lines, access 
roads, and WTP sites 
 

Indirect: 
• Conversion to other land uses 
• Habitat fragmentation 
• Potential reduction in air 

quality 

Union County Riparian Buffer Protection A.5, S.3, A.6 
 Alt 1B – Minor Minor  Open Space / Parks A.8, A.9, A.10 
 Alt 2A – Minor Minor  Tree Preservation A.16 
 Alt 2B – Minor Minor Town of Waxhaw Open Space / Parks B.3, B.4 
 Alt 3A – Minor Minor  Tree Preservation B.9 
 Alt 3B – Minor Minor Town of Mineral 

Springs 
Riparian Buffer Protection C.3 

 Alt 4 – Minor Minor  Open Space / Parks C.4, C.5 
 Alt 5 – Minor Minor Village of Wesley 

Chapel 
Open Space / Parks D.4 

 Alt 6 – Minor Minor  Village of Marvin Riparian Buffer Protection E.3 
 Alt 7-- Minor Minor   Open Space / Parks E.4 
 Alt 8 -- Minor Minor   Tree Preservation E.7 
 Alt 9 -- Negligible Minor  Town of Weddington Open Space / Parks F.3, F.4 
 Alt 11 -- Minor Minor  Town of Indian Trail Riparian Buffer Protection G.2, S.3 
 WTP A -- Minor Minor   Open Space / Parks G.5, G.6 
 WTP B -- Minor Minor  Town of Stallings Riparian Buffer Protection H.3, S.3 
 WTP C -- Minor Minor   Open Space / Parks H.4, H.5 
 No-Action - Minor Minor   Tree Preservation H.8 
    Town of Hemby Bridge Riparian Buffer Protection S.3 
     Open Space / Parks A.9, A.8 
    Village of Lake Park Riparian Buffer Protection J.1 
     Open Space / Parks J.4 
    Town of Fairview Riparian Buffer Protection S.3 

     Open Space / Parks K.3, K.4 
     Tree Preservation  K.3 
    Town of Unionville Riparian Buffer Protection L.4 

     Open Space / Parks L.5, L.6 
     Tree Preservation L.8 
    Town of Wingate Open Space / Parks M.2, M.3 
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Environmental 
Resource 

Direct Impact 
Potential 

Indirect and 
Cumulative 
Impact 
Potential 

Types of Potential 
Impacts Community Mitigation Programs EIS Key 

Wildlife and 
Natural Vegetation 

Alt 1A – Minor Minor Direct: 
• Temporary impacts to habitat 

during construction 
• Permanent impacts to habitat 

at pump station, access road, 
and WTP sites 

 
Indirect: 
• Reduction in habitat 
• Habitat fragmentation 
• Reduction in species diversity 

and tolerance 
• Reduction in long-term 

population sustainability 

Union County Floodplain Protection A.4 
Alt 1B – Minor Minor  Riparian Buffer Protection A.5, S.3, A.6 

 Alt 2A – Minor Minor  Open Space / Parks A.8, A.9, A.10 
 Alt 2B -- Minor  Minor  Land Use A.12, A.13 
 Alt 3A -- Minor Minor  Endangered Spec Protection U.2, S.4, A.17 
 Alt 3B -- Minor Minor Town of Waxhaw Floodplain Protection B.2 
 Alt 4 -- Minor Minor  Open Space / Parks B.3, B.4 
 Alt 5 -- Minor Minor  Land Use B.6, B.7 
 Alt 6 -- Minor Minor  Endangered Spec Protection U.2 
 Alt 7-- Minor Minor Town of Mineral 

Springs 
Floodplain Protection C.2 

 Alt 8 -- Minor Minor  Riparian Buffer Protection C.3 
 Alt 9 -- Negligible Minor   Open Space / Parks C.4, C.5 
 Alt 11 -- Minor Minor   Land Use C.4, C.7 
 WTP A -- Minor Minor   Endangered Spec Protection U.2 
 WTP B -- Minor Minor  Village of Wesley 

Chapel 
Floodplain Protection D.2 

 WTP C -- Minor Minor   Open Space / Parks D.4 
 No-Action - Minor Minor   Land Use D.5, D.6 
     Endangered Spec Protection U.2 
    Village of Marvin Floodplain Protection E.2 
     Riparian Buffer Protection E.3 
     Open Space / Parks E.4 
     Land Use E.5, E.6 
     Endangered Spec Protection U.2 
    Town of Weddington Floodplain Protection F.2 

     Open Space / Parks F.3, F.4 

     Land Use F.3, F.5 
     Endangered Spec Protection U.2 
    Town of Indian Trail Floodplain Protection G.3 
     Riparian Buffer Protection G.2, S.3 
     Open Space / Parks G.5, G.6 
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Environmental 
Resource 

Direct Impact 
Potential 

Indirect and 
Cumulative 
Impact 
Potential 

Types of Potential 
Impacts Community Mitigation Programs EIS Key 

Wildlife and 
Natural Vegetation 
(con’t) 

    Land Use G.5, G.7 
    Endangered Spec Protection U.2, S.4 
   Town of Stallings Floodplain Protection H.2 

     Riparian Buffer Protection H.3, S.3 
     Open Space / Parks H.4, H.5 

     Land Use H.6, H.7 

     Endangered Spec Protection U.2, S.4 
    Town of Hemby Bridge Floodplain Protection A.4 

     Riparian Buffer Protection S.3 
     Open Space / Parks A.9, A.8 
     Land Use A.9, A.13 
     Endangered Spec Protection U.2, S.4 
    Village of Lake Park Floodplain Protection J.3 
     Riparian Buffer Protection J.1 
     Open Space / Parks J.4 

     Land Use J.4, J.5 

     Endangered Spec Protection U.2 
    Town of Fairview Floodplain Protection K.2 
     Riparian Buffer Protection S.3 
     Open Space / Parks K.3, K.4 
     Land Use K.5 
     Endangered Spec Protection U.2, S.4 
    Town of Unionville Floodplain Protection L.3 
     Riparian Buffer Protection L.4 
     Open Space / Parks L.5, L.6 

     Land Use L.5, L.7 

     Endangered Spec Protection U.2 
    Town of Wingate Floodplain Protection M.1 
     Open Space / Parks M.2, M.3 
     Land Use M.2, M.5 
     Endangered Spec Protection U.2 
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Environmental 
Resource 

Direct Impact 
Potential 

Indirect and 
Cumulative 
Impact 
Potential 

Types of Potential 
Impacts Community Mitigation Programs EIS Key 

Introduction of 
Toxic Substances 

Alt 1A – Minor Negligible Direct: 
• Temporary increase in use of 

hazardous and toxic materials 
during construction 

 
Indirect: 
• Increase in likelihood of 

contamination 
• Negative impacts to human 

health 

Union County Land Use A.12, A.13 
Alt 1B – Minor Negligible  Stormwater Control A.1, A.2, A.3, S.1, 

S.2 
 Alt 2A – Minor Negligible Town of Waxhaw Land Use B.6, B.7 
 Alt 2B -- Minor  Negligible  Stormwater Control B.1, S.1 

 
Alt 3A -- Minor Negligible Town of Mineral 

Springs 
Land Use C.4, C.7 

 Alt 3B -- Minor Negligible  Stormwater Control C.1, S.1 

 Alt 4 -- Minor Negligible  Village of Wesley 
Chapel 

Land Use D.5, D.6 

 Alt 5 -- Minor Negligible   Stormwater Control D.1, S.1 
 Alt 6 -- Minor Negligible  Village of Marvin  Land Use E.5, E.6 

Alt 7-- Minor Negligible   Stormwater Control E.1, S.1 
Alt 8 -- Minor Negligible  Town of Weddington Land Use F.3, F.5 

 Alt 9 -- Negligible Negligible   Stormwater Control F.1, S.1 
 Alt 11 -- Minor Negligible  Town of Indian Trail Land Use G.5, G.7 
 WTP A -- Minor Negligible   Stormwater Control G.1, G.2, S.2 
 WTP B -- Minor Negligible  Town of Stallings Land Use H.6, H.7 

 WTP C -- Minor Negligible   Stormwater Control H.1, S.2 
No-Action - Minor Negligible  Town of Hemby Bridge Land Use A.9, A.13 

     Stormwater Control S.1, S.2 
    Village of Lake Park Land Use J.4, J.5 
     Stormwater Control J.1, J.2 
    Town of Fairview Land Use K.5 
     Stormwater Control S.1, K.1, S.2 
    Town of Unionville Land Use L.5, L.7 
     Stormwater Control S.1, L.1, L.2 
    Town of Wingate Land Use M.2, M.5 
     Stormwater Control S.1 
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7.0 PREFERRED ALTERNATIVE 
Alternative 1A is designated as the Preferred Alternative after a thorough assessment of each 
alternative’s ability to meet the project’s purpose and need of delivering a safe, sustainable 
water supply to meet the County’s current and future water demands in their Yadkin River Basin 
Service Area, as well as the associated environmental impacts, mitigation measures, technical 
feasibility, financial impacts, and political and community acceptance. Alternative 1A includes 
the withdrawal of water from Lake Tillery in the Yadkin River IBT Basin and the transfer of this 
water into the Rocky River IBT Basin in Union County for treatment and distribution. A portion of 
the water will be returned via treated wastewater effluent back through the Rocky River into the 
Pee Dee River approximately five miles downstream from the Lake Tillery dam.   

Alternative 1A, in conjunction with the existing grandfathered IBT from the Catawba River Basin, 
is capable of delivering the stated 28.9 mgd maximum month average day projected 30-year 
demands (23.0 mgd from the Yadkin River Basin, supplemented by up to 5.9 mgd from the 
existing Catawba supply) and 35.3 mgd maximum day demands (28.0 mgd from the Yadkin 
River Basin, supplemented by up to 7.3 mgd from the existing Catawba supply) of Union 
County. The water modeling efforts completed for this EIS indicate that withdrawal from Lake 
Tillery has less impact on lake aesthetics, other water withdrawal interests including during 
drought conditions, and hydropower production than withdrawal of water from other locations 
along the main stem of the Yadkin-Pee Dee River. Further, as described in Sections 4-5 of this 
document, the environmental impacts of Alternative 1A are similar, or significantly less, than the 
other alternatives evaluated. Table 7-1 provides a summary of the environmental impacts 
associated with each of the project alternatives. Mitigation measures are in place (as described 
in Section 6) throughout the proposed service area to mitigate these environmental impacts.   

An evaluation of project costs is summarized in Table 7-2. The cost of developing a water 
supply solution for Union County’s Yadkin River Basin Service Area is significant and represents 
the largest future capital expenditure for the County over the next twenty years. As illustrated in 
Table 7-2, Alternative 1A represents on of the lowest cost project alternatives and has been 
determined to be a financially feasible option for this water supply. In developing this project, 
Union County held discussions with numerous entities along the Yadkin-Pee Dee River 
regarding potential partnerships for water supply. Of all those contacted, the Town of Norwood 
was the only political jurisdiction who expressed a desire to participate in a partnership with 
mutual benefits for both parties. Currently, Union County and the Town of Norwood have an 
Interlocal Intake and Transmission Agreement in place for water withdrawal from a common raw 
water intake in Lake Tillery at the site of the Town of Norwood’s current intake. The progress 
realized on water supply regionalization between the Town of Norwood and Union County easily 
makes this the most politically acceptable alternative, as well. 
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Table 7-1 Summary of Temporary and Permanent Direct Impacts and Indirect Impacts for YRWSP Alternatives 

Environmental 
Resource 

Duration of 
Impact 

Alternative 1 

No-Action 
(12) 1A 1B 2A 2B 3A 3B 4 5 6 7 8 11 WTP A WTP B WTP C 

Topography 
and Geology 

Direct, 
Temporary 

No 
impacts 

Minor from 
pipe 

installation 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Minor from 
grading for 

construction 
of WTP 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Direct, 
Permanent 

No 
impacts 

Minor from 
grading for 
raw water 

intake, pump 
station and 
access road  

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Minor from 
grading for 
WTP, raw 

water intake, 
pump station 
and access 

road 

Same as 
Alternative 1A 

Minor from 
grading for 
low-head 
dam, raw 

water intake, 
pump station 
and access 

road 

Minor from 
grading for 
raw water 
intake and 

WTP 
expansion, 

pump station, 
and access 

road 

Minor from 
grading for 

pump station 
and access 

road 

Minor from 
grading for 
WTP and 

groundwater 
well 

installation 

Minor from 
grading for 
discharge, 

pump station 
and access 

road 

Minor from 
grading for 

WTP 

Same as 
WTP A 

Same as 
WTP A 

Indirect Same as 
Alternative 

1A 

Minor from 
new 

development 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Soils Direct, 
Temporary 

No 
impacts 

Minor from: 
o Impacts 

from land 
clearing, 

excavation 
and 

grading 
o Fuel, oil, 

and other 
emissions 

from 
construc-

tion 
vehicles 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Direct, 
Permanent 

No 
impacts 

Minor from 
construction of 

raw water 
intake, pump 
station, and 
access road 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Minor from 
construction 
of WTP, raw 
water intake, 
pump station, 
and access 

road 

Same as 
Alternative 1A 

Minor from 
construction 
of low-head 
dam, raw 

water intake, 
pump station, 
and access 

road 

Minor from 
construction 
of raw water 
intake and 

WTP 
expansion, 

pump station, 
and access 

road 

Minor from 
construction 

of pump 
station and 
access road 

Minor from 
construction 
of WTP and 
groundwater 

well 
installation 

Minor from 
construction 
of discharge, 
pump station, 
and access 

road 

Minor from 
construction 

of WTP 

Same as 
WTP A 

Same as 
WTP A 

Indirect Same as 
Alternative 

1A 

Minor from 
new 

development 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Land Use Direct, 
Temporary 

No 
impacts 

No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts 

Direct, 
Permanent 

No 
impacts 

Moderate from 
conversion of 

wooded/ 
undeveloped 

areas and 
residential, 

commercial, 
and 

agricultural 
uses to 

permanent 
utility use 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 
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Environmental 
Resource 

Duration of 
Impact 

Alternative 1 

No-Action 
(12) 1A 1B 2A 2B 3A 3B 4 5 6 7 8 11 WTP A WTP B WTP C 

Land Use 
(con’t) 

Indirect Same as 
Alternative 

1A 

Minor from 
new 

development 
 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Public Lands 
and Scenic, 
Recreational 
Areas, and 
State Natural 
Areas 

Direct, 
Temporary 

No 
impacts 

Minor to 5.3 
miles of bike 

routes and 7.2 
acres of other 

areas from 
transmission 

line 

Minor to 0.3 
mile of bike 
routes and 
6.5 acres of 
other areas 

from 
transmission 

line 

Minor to 14.0 
miles of bike 
routes and 
5.6 acres of 
other areas 

from 
transmission 

line 

Minor to 14.0 
miles of bike 
routes and 
9.4 acres of 
other areas 

from 
transmission 

line 

Minor to 46.5 
acres from 

transmission 
line 

Minor to 15.5 
acres from 

transmission 
line 

Minor to 0.5 
acre from 

transmission 
line 

Minor to 5.5 
acres from 

transmission 
line 

No impacts Minor to 0.6 
acre from 

transmission 
line 

Impacts from 
well field are 
not known 

Minor to10.6 
miles of bike 
routes and 
8.4 acres of 
other areas 

from 
transmission 

line 

No impacts No impacts Minor to 7.2 
acres from 

transmission 
line 

Direct, 
Permanent 

No 
impacts 

No impacts No impacts No impacts No impacts Minor to 0.5 
acre of Pee 
Dee River 

State Game 
Land from 

pump station 
and access 

road 

Minor to 0.8 
acre of Pee 
Dee River 

State Game 
Land from 

pump station 
and access 

road 

No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts 

Indirect Same as 
Alternative 

1A 

Minor from 
conversion of 
adjacent land 

uses 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Prime or 
Unique 
Agricultural 
Land 

Direct, 
Temporary 

No 
impacts 

Minor to 18.9 
acres from 

pipe 
installation  

Minor to 22.8 
acres from 

pipe 
installation 

Minor to 30.8 
acres from 

pipe 
installation 

Minor to 23.1 
acres from 

pipe 
installation  

Minor to 25.4 
acres from 

pipe 
installation 

Minor to 6.2 
acres from 

pipe 
installation  

Minor to 25.5 
acres from 

pipe 
installation 

No impacts Minor to 41.4 
acres from 

pipe 
installation 

Minor to 4.8 
acres from 

pipe 
installation 

Minor to 5.2 
acres from 

pipe 
installation 

 

Minor to 41.9 
acres from 

pipe 
installation 

No impacts Minor to 2.5 
acres from 

pipe 
installation 

 

Minor to 3.6 
acres from 

pipe 
installation 

 

Direct, 
Permanent 

No 
impacts 

No impacts No impacts No impacts Minor to less 
than 0.1 acre 
from pump 
station and 
access road 

No impacts Impact from 
WTP is not 

known 

Minor to 0.9 
acre from 

access road 

No impacts No impacts No impacts Impacts from 
WTP and well 
field are not 

known 

No impacts No impacts Impacts from 
WTP is not 

known 

Impacts from 
WTP is not 

known 

Indirect Same as 
Alternative 

1A 

Minor from 
conversion of 
agricultural 

land to 
residential and 

commercial 
use 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Areas of 
Archaeological 
or Historic 
Value 

Direct, 
Temporary 

No 
impacts 

 

ᴑ  No impacts 
to historic 

sites 
ᴑ  Impacts to 

archaeological 
resources 

unknown, but 
unlikely 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 
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Environmental 
Resource 

Duration of 
Impact 

Alternative 1 

No-Action 
(12) 1A 1B 2A 2B 3A 3B 4 5 6 7 8 11 WTP A WTP B WTP C 

Areas of 
Archaeological 
or Historic 
Value 
(con’t) 

Direct, 
Permanent 

No 
impacts 

ᴑ  No impacts 
to historic 

sites 
ᴑ  Impacts to 

archaeological 
resources 

unknown but 
unlikely 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Indirect Same as 
Alternative 

1A 

Minor from 
new 

development 
 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Air Quality Direct, 
Temporary 

No 
impacts 

Minor from 
increase in 

airborne 
particulates 

during project 
construction 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Direct, 
Permanent 

No 
impacts 

Negligible 
from 

intermittent 
generator 
operation 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Indirect Same as 
Alternative 

1A 

Minor from 
new 

development 
 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Noise Levels Direct, 
Temporary 

No 
impacts 

Minor 
nuisance 

noise 
associated 
with project 
construction 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Direct, 
Permanent 

No 
impacts 

Negligible 
from 

intermittent 
generator 
operation 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Indirect Same as 
Alternative 

1A 

Negligible 
from 

increased 
overall noise 

in service area 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

393 
 



Union County Public Works | Environmental Impact Statement 
PREFERRED ALTERNATIVE  

 

Environmental 
Resource 

Duration of 
Impact 

Alternative 1 

No-Action 
(12) 1A 1B 2A 2B 3A 3B 4 5 6 7 8 11 WTP A WTP B WTP C 

Floodways and 
100 year 
Floodplains 

Direct, 
Temporary 

No 
impacts 

Minor impacts 
from 

construction to 
13.5 acres of 

100-year 
floodplain 

 

Minor 
impacts from 
construction 
to 32.2 acres 
of 100-year 
floodplain 

Minor impacts 
from 

construction 
to: 

ᴑ  1.6 acres 
of floodway 

ᴑ  21.2 acres 
of 100-year 
floodplain 

Minor impacts 
from 

construction 
to: 

ᴑ  1.0 acre of 
floodway 

ᴑ  19.9 acres 
of 100-year 
floodplain 

Minor impacts 
from 

construction 
to 86.9 acres 
of 100-year 
floodplain 

Minor impacts 
from 

construction 
to: 

ᴑ  6.7 acres 
of floodway 

ᴑ  49.3 acres 
of 100-year 
floodplain 

Minor impacts 
from 

construction 
to 33.4 acres 
of 100-year 
floodplain 

Minor impacts 
from 

construction 
to 1.7 acres 
of 100-year 
floodplain 

Minor impacts 
from 

construction 
to: 

ᴑ  0.6 acre of 
floodway 

ᴑ  7.6 acres 
of 100-year 
floodplain 

Minor impacts 
from 

construction 
to: 

ᴑ  0.2 acre of 
floodway 

ᴑ  4.7 acres 
of 100-year 
floodplain 

Minor impacts 
from 

construction 
to 0.2 acre of 

100-year 
floodplain 

Minor impacts 
from 

construction 
to: 

ᴑ  0.6 acre of 
floodway 

ᴑ  28.1 acres 
of 100-year 
floodplain 

No impacts No impacts Minor impacts 
from 

construction 
to 0.8 acre of 

100-year 
floodplain 

Direct, 
Permanent 

No 
impacts 

Minor impacts 
to 0.1 acre of 

100-year 
floodplain 

Minor 
impacts to 
0.1 acre of 
100-year 
floodplain 

Minor impacts 
to 0.3 acre of 

100-year 
floodplain 

No impacts Minor impacts 
to 2.0 acres 
of 100-year 
floodplain 

Minor impacts 
to 2.0 acres 
of 100-year 
floodplain 

Minor impacts 
to 0.2 acre of 

100-year 
floodplain 

Minor impacts 
to 0.5 acre of 

100-year 
floodplain 

No impacts No impacts No impacts No impacts No impacts No impacts No impacts 

 Indirect Same as 
Alternative 

1A 

Negligible 
from: 

ᴑ  Potential 
loss of 100-

year floodplain 
from 

development 
ᴑ  Topography 
changes from 
development 
ᴑ  Isolation of 
floodplain due 

to stream 
channel 

entrenchment 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Wetlands Direct, 
Temporary 

No 
impacts 

No impacts Minor 
impacts to 

7.5 acres of 
forested 

wetland from 
transmission 

line 

Minor impacts 
to 0.6 acre of 

forested 
wetland from 
transmission 

line 

Minor impacts 
to 0.6 acre of 

forested 
wetland from 
transmission 

line 

Minor impacts 
from 

transmission 
line to: 

ᴑ  44.8 acres 
of forested 

wetland 
ᴑ  8.7 acres 

of non-
forested 
wetland 

Minor impacts 
from 

transmission 
line to: 

ᴑ  2.8 acres 
of forested 

wetland 
ᴑ  0.5 acre of 
non-forested 

wetland 

No impacts No impacts Minor impacts 
from 

transmission 
line to: 

ᴑ  0.5 acre of 
forested 
wetland 

ᴑ  0.1 acre of 
non-forested 

wetland 

Minor impacts 
from 

transmission 
line to 0.1 

acre of 
forested 
wetland 

No impacts 
from 

transmission 
line 

Impacts from 
well field are 
not known 

Minor impacts 
to 0.9 acre of 

forested 
wetland from 
transmission 

line 

No impacts No impacts No impacts 

 Direct, 
Permanent 

No 
impacts 

No impacts Minor 
impacts to 
0.5 acre of 

forested 
wetland from 
transmission 

line 

No impacts No impacts Minor impacts 
to 3.2 acres 
of forested 

wetland from 
transmission 

line 

No impacts No impacts ᴑ No impacts 
associated 

with 
transmission 
line or pump 

station.  
ᴑ  Impacts 
due to low-
head dam 
unknown 

Minor impacts 
to less than 
0.1 acre of 

forested 
wetland from 
transmission 

line 

No impacts Minor impacts 
expected, but 
not quantified 

No impacts No impacts No impacts No impacts 
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Environmental 
Resource 

Duration of 
Impact 

Alternative 1 

No-Action 
(12) 1A 1B 2A 2B 3A 3B 4 5 6 7 8 11 WTP A WTP B WTP C 

Wetlands 
(con’t) 

Indirect Same as 
Alternative 

A1 

Minor from: 
ᴑ  Wetland 

loss via 
development 

ᴑ  Loss of 
habitat and 

fragmentation 
ᴑ  Loss of 
wetland 

function from 
pollutant 
loading 

Same as 
Alternative 

A1 

Same as 
Alternative A1 

Same as 
Alternative A1 

Same as 
Alternative A1 

Same as 
Alternative A1 

Same as 
Alternative A1 

Same as 
Alternative A1 

Same as 
Alternative A1 

Same as 
Alternative A1 

Same as 
Alternative A1 

Same as 
Alternative A1 

Same as 
Alternative A1 

Same as 
Alternative A1 

Same as 
Alternative A1 

Surface Water 
Resources 

Direct, 
Temporary 

No 
impacts 

Minor from 
transmission 

line to: 
ᴑ  2,848 feet 
of perennial 

streams from 
11 crossings 
ᴑ  11,014 feet 
of intermittent 
streams from 
20 crossings 
ᴑ  0.3 acre of 

buffer 

Minor from 
transmission 

line to: 
ᴑ  5,857 feet 
of perennial 

streams from 
14 crossings 

ᴑ  10,598 
feet of 

intermittent 
streams 
from 31 

crossings 
ᴑ  1.7 acre of 

buffer 

Minor from 
transmission 

line to: 
ᴑ  2,339 feet 
of perennial 

streams from 
11 crossings 
ᴑ  9,498 feet 
of intermittent 
streams from 
22 crossings 
ᴑ  1.0 acre of 

buffer 

Minor from 
transmission 

line to: 
ᴑ  1,914 feet 
of perennial 

streams from 
9 crossings 
ᴑ  9,572 feet 
of intermittent 
streams from 
27 crossings 
ᴑ  0.9 acre of 

buffer 

Minor from 
transmission 

line to: 
ᴑ  5,242 feet 
of perennial 

streams from 
20 crossings 
ᴑ  8,194 feet 
of intermittent 
streams from 
22 crossings 
ᴑ  4.1 acres 

of buffer 

Minor from 
transmission 

line to: 
ᴑ  4,634 feet 
of perennial 

streams from 
16 crossings 
ᴑ  7,683 feet 
of intermittent 
streams from 
24 crossings 
ᴑ  8.2 acres 

of buffer 

Minor from 
transmission 

line to: 
ᴑ  1,715 feet 
of perennial 

streams from 
7 crossings 

ᴑ  6,979 feet 
of intermittent 
streams from 
14 crossings 
ᴑ  11.6 acres 

of buffer 

Minor from 
transmission 
line to 1,343 

feet of 
intermittent 

streams from 
3 crossings 

Minor from 
transmission 

line to: 
ᴑ  1,509 feet 
of perennial 

streams from 
7 crossings 

ᴑ  3,913 feet 
of intermittent 
streams from 
18 crossings 
ᴑ  3.8 acres 

of buffer 

ᴑ  No impacts 
due to use of 

trenchless 
construction 
methods for 

installation of 
the 

installation 
line across 2 

perennial 
streams and 
7 intermittent 

streams 
ᴑ  6.4 acres 

of buffer 

Minor from 
transmission 

line to: 
ᴑ  407 feet of 

perennial 
streams from 
2 crossings 

ᴑ  1,530 feet 
of intermittent 
streams from 
5 crossings 

Minor from 
transmission 

line to: 
ᴑ  4,508 feet 
of perennial 

streams from 
18 crossings 
ᴑ  17,449 feet 
of intermittent 
streams from 
25 crossings 
ᴑ  3.7 acres 

of buffer 

No impacts Minor from 
transmission 
line to 1,438 

feet of 
intermittent 

streams from 
5 crossings 

Minor from 
transmission 
line to 3,426 

feet of 
intermittent 

streams from 
11 crossings 

 Direct, 
Permanent   

No 
impacts 

Minor to: 
ᴑ  50 feet of 

Pee Dee River 
from raw 

water intake 
ᴑ  Less than 
0.1 acre of 
buffer from 
raw water 
intake and 

transmission 
line 

Minor to: 
ᴑ  50 feet of 

Pee Dee 
River for raw 
water intake 
ᴑ  0.1 acre of 

buffer  

Minor to: 
ᴑ  50 feet of 
Yadkin River 
for raw water 

intake 
ᴑ  0.1 acre of 

buffer 

Minor to: 
ᴑ  50 feet of 
Yadkin River 
for raw water 

intake 
ᴑ  0.1 acre of 

buffer 

Minor to: 
ᴑ  50 feet of 

Pee Dee 
River for raw 
water intake 
ᴑ  0.2 acre of 

buffer 
 

Minor to: 
ᴑ  50 feet of 

Pee Dee 
River for raw 
water intake 
ᴑ  0.3 acre of 

buffer 

Minor to: 
ᴑ  50 feet of 

Pee Dee 
River for raw 
water intake 
ᴑ  0.6 acre of 

buffer 

ᴑ  Minor 
impacts to 
100 feet of 

Rocky River 
for raw water 

intake and 
low-head 
dam or 

Ranney wells 
ᴑ  Unknown 
impacts to 

6,000 feet of 
Rocky River 
due to low-
head dam 

effects 

Minor to: 
ᴑ  50 feet of 

Catawba 
River for raw 
water intake 
expansion 

ᴑ  0.2 acre of 
buffer 

Minor impacts 
to 0.3 acre of 

buffer 

No impacts Minor to: 
ᴑ  50 feet of 

Pee Dee 
River for 

discharge  
ᴑ  0.2 acre of 

buffer 

No impacts No impacts No impacts 
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Environmental 
Resource 

Duration of 
Impact 

Alternative 1 

No-Action 
(12) 1A 1B 2A 2B 3A 3B 4 5 6 7 8 11 WTP A WTP B WTP C 

Surface Water 
Resources 
(con’t) 

Indirect Same as 
Alternative 

1A 

Minor from: 
ᴑ  Water 
quality 

degradation 
due to 

increase in 
stormwater 

runoff 
ᴑ  Alteration of 

natural 
hydrography 

ᴑ  Alteration of 
channel 

morphology 
ᴑ  Increased 

natural 
utilization of 

buffers due to 
increase in 
stormwater 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Surface Water 
Quantity and 
Quality 

  Lake Levels 
- Aesthetics 

No 
Impacts 

Negligible to 
minor direct, 
permanent 
impacts to 
lake levels 

due to lower 
average lake 

elevations 

Same as 
Alternative 

1A 

Minor to 
moderate 

direct, 
permanent 
impacts to 
lake levels 
from water 
withdrawals 

Minor to 
moderate 

direct, 
permanent 
impacts to 
lake levels 
from water 
withdrawals 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Minor direct, 
permanent 
impacts to 
lake levels 

due to lower 
average lake 

elevations 

Minor to 
moderate 

direct, 
permanent 
impacts to 
lake levels 

due to lower 
average lake 

elevations 

Extent of 
impacts 

unknown; 
groundwater 
withdrawal 

likely to 
impact 

surface water 
through 

groundwater-
surface water 
interaction, 
similar to 

Alternative 1A  

Same as 
Alternative 1A 

No impacts No impacts No impacts 

 Lake Levels 
– Water 

Withdrawals 

No 
Impacts 

Negligible 
impact to 

water 
withdrawals 

based on 
restricted 

operation at 
lake located 

intakes 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Minor impact 
to water 

withdrawals 
based on 
restricted 

operation at 
lake located 

intakes 

Minor impact 
to water 

withdrawals 
based on 
restricted 

operation at 
lake located 

intakes 

Extent of 
impacts 

unknown; 
groundwater 
withdrawal 

likely to 
impact 

surface water 
through 

groundwater-
surface water 

interaction, 
similar to 

Alternative 1A 

Same as 
Alternative 1A 

No impacts No impacts No impacts 
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Environmental 
Resource 

Duration of 
Impact 

Alternative 1 

No-Action 
(12) 1A 1B 2A 2B 3A 3B 4 5 6 7 8 11 WTP A WTP B WTP C 

Surface Water 
Quantity and 
Quality 
(con’t) 

Reservoir 
Outflows 

No 
Impacts 

Negligible to 
minor direct, 
permanent 

impacts due to 
increased 

days below 
specified 
reservoir 

release values 

Same as 
Alternative 

1A 

Minor to 
moderate 

direct, 
permanent 

impacts due 
to increased 
days below 
specified 
reservoir 
release 
values 

Minor to 
moderate 

direct, 
permanent 

impacts due 
to increased 
days below 
specified 
reservoir 
release 
values 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Negligible 
impact to 
reservoir 
outflows 
based on 

days below 
specified 
reservoir 
release 
values 

Negligible to 
minor direct, 
permanent 

impacts due 
to increased 
days below 
specified 
reservoir 
release 
values 

Extent of 
impacts 

unknown; 
groundwater 
withdrawal 

likely to 
impact 

surface water 
through 

groundwater-
surface water 
interaction, 
similar to 

Alternative 1A 

Same as 
Alternative 1A 

No impacts No impacts No impacts 

 Water 
Quantity 

Mgmt 

No 
Impacts 

Negligible 
impact to 

water quantity 
management, 
based on time 
in LIP stages 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Minor impact 
to water 
quantity 

management, 
based on 
increased 

time in more 
severe LIP 

stages 

Minor to 
moderate 
impact to 

water quantity 
management, 

based on 
increased 

time in more 
severe LIP 

stages 

Extent of 
impacts 

unknown; 
groundwater 
withdrawal 

likely to 
impact 

surface water 
through 

groundwater-
surface water 

interaction, 
similar to 

Alternative 1A 

Same as 
Alternative 1A 

No impacts No impacts No impacts 

 Hydropower 
Generation 

No 
Impacts 

Negligible to 
minor direct, 
permanent 
impacts to 
lake levels 

due to lower 
average lake 

elevations 

Same as 
Alternative 

1A 

Minor to 
moderate 

direct, 
permanent 
impacts to 
lake levels 
from water 
withdrawals 

Minor to 
moderate 

direct, 
permanent 
impacts to 
lake levels 
from water 
withdrawals 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Minor direct, 
permanent 
impacts to 
lake levels 

due to lower 
average lake 

elevations 

Minor to 
moderate 

direct, 
permanent 
impacts to 
lake levels 

due to lower 
average lake 

elevations 

Extent of 
impacts 

unknown; 
groundwater 
withdrawal 

likely to 
impact 

surface water 
through 

groundwater-
surface water 
interaction, 
similar to 

Alternative 1A  

Same as 
Alternative 1A 

No impacts No impacts No impacts 

Groundwater 
Resources 

Direct, 
Temporary 

No 
impacts 

Negligible 
from 

construction of 
transmission 

line, raw water 
intake, pump 
station and 
access road 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Negligible 
from 

construction 
of 

transmission 
line, WTP, 
raw water 

intake, pump 
station and 
access road 

Same as 
Alternative 1A 

Negligible 
from 

construction 
of 

transmission 
line, low-head 

dam, raw 
water intake, 
pump station 
and access 

road 

Negligible 
from 

construction 
of 

transmission 
line, raw 

water intake 
and WTP 

expansion, 
pump station, 
and access 

road 

Negligible 
from 

construction 
for 

transmission 
line, pump 

station, and 
access road 

Negligible 
from 

construction 
of 

transmission 
line, WTP, 

and 
groundwater 

well 
installation 

Negligible 
from 

construction 
of 

transmission 
line, 

discharge, 
pump station, 
and access 

road 

Negligible 
from 

construction 
of WTP 

Negligible 
from 

construction 
of WTP and 
transmission 

line 

Negligible 
from 

construction 
of WTP and 
transmission 

line 

 Direct, 
Permanent 

No 
impacts 

No impacts No impacts No impacts No impacts No impacts No impacts Moderate if 
Ranney well 

option is 
selected 

Moderate if 
Ranney well 

option is 
selected 

No impacts No impacts Major from 
extraction of 
28 mgd of 
raw water 
from 1,295 

wells 

No impacts No impacts No impacts No impacts 
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Environmental 
Resource 

Duration of 
Impact 

Alternative 1 

No-Action 
(12) 1A 1B 2A 2B 3A 3B 4 5 6 7 8 11 WTP A WTP B WTP C 

Groundwater 
Resources 
(con’t) 

Indirect Same as 
Alternative 

1A 

Minor from: 
 ᴑ  Potential 

for 
contamination 

leading to 
reduction in 

use for 
drinking water 
ᴑ  Reduction 

in 
groundwater 

inflow 
contribution to 
stream base 

flow, 
particularly 

during 
droughts 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Shellfish or Fish 
and Habitats 

Direct, 
Temporary 

No 
impacts 

Minor from 
erosion and 

sedimentation 
during 

construction 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Negligible 
from erosion 

and 
sedimentation 

during 
construction 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 7 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

 Direct, 
Permanent 

No 
impacts 

Minor from 
raw water 

intake 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Minor from 
low-head 

dam and raw 
water intake 

Same as 
Alternative 1A 

No impacts Anticipated to 
be negligible 

from 
infrastructure 

footprint 

Minor from 
discharge 

No impacts Same as 
Alternative 8 

Same as 
Alternative 8 

Indirect Same as 
Alternative 

1A 

Minor from: 
ᴑ  Aquatic 

habitat 
degradation 
ᴑ  Change in 

stream 
morphology 
ᴑ  Reduction 

in aquatic 
diversity 

ᴑ  Reduction 
in long-term 
population 

sustainability 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Forest 
Resources 

Direct, 
Temporary 

No 
impacts 

Minor impacts 
to 130 acres 

for 
transmission 

corridor 

Minor 
impacts to 

226 acres for 
transmission 

corridor 

Minor impacts 
to 129 acres 

for 
transmission 

corridor 

Minor impacts 
to: 

ᴑ  126 acres 
for 

transmission 
corridor 

ᴑ  1 acre for 
access road 

Minor impacts 
to: 

ᴑ  325 acres 
for 

transmission 
corridor 

ᴑ  Less than 
1 acre for 

access road 

Minor impacts 
to: 

ᴑ  116 acres 
for 

transmission 
corridor 

ᴑ  Less than 
1 acre for 

access road 

Minor impacts 
to 121 acres 

for 
transmission 

corridor 

Minor impacts 
to 4 acres for 
transmission 

corridor 

Minor impacts 
to 56 acres 

for 
transmission 

corridor 

Minor impacts 
to 34 acres 

for 
transmission 

corridor 

Minor impacts 
to 14 acres 

for 
transmission 

corridor 
Impacts from 
WTP and well 
field are not 

known 

Minor impacts 
to 163 acres 

for 
transmission 

corridor 

No impacts Minor impacts 
to 18 acres 

for 
transmission 

corridor 

Minor impacts 
to 27 acres 

for 
transmission 

corridor 
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Environmental 
Resource 

Duration of 
Impact 

Alternative 1 

No-Action 
(12) 1A 1B 2A 2B 3A 3B 4 5 6 7 8 11 WTP A WTP B WTP C 

Forest 
Resources 
(con’t) 

Direct, 
Permanent 

No 
impacts 

Minor impacts 
to 11 acres for 
transmission 

corridor 

Minor 
impacts to 18 

acres for 
transmission 

corridor 

Minor impacts 
to 1 acre for 
transmission 

corridor 

Minor impacts 
to: 

ᴑ  9 acres for 
transmission 

corridor 
ᴑ  Less than 
0.5 acre for 

pump station 
ᴑ  Less than 
0.5 acre for 
access road 

Minor impacts 
to: 

ᴑ  27 acres 
for 

transmission 
corridor 

ᴑ  Less than 
0.5 acre for 

pump station 
ᴑ  Less than 
0.5 acre for 
access road 

Minor impacts 
to: 

ᴑ  3 acres for 
transmission 

corridor 
ᴑ  Less than 
0.5 acre for 

pump station 
ᴑ  Less than 
0.5 acre for 
access road 
ᴑ  Impacts 

not known for 
WTP 

Minor impacts 
to: 

ᴑ  11 acres 
for 

transmission 
corridor 

ᴑ  Less than 
0.5 acre for 

pump station 

Minor impacts 
to less than 
0.5 acre for 

transmission 
corridor 

Minor impacts 
to 7 acres for 
transmission 

corridor 

Minor impacts 
to 3 acres for 
transmission 

corridor 

Minor impacts 
to: 

ᴑ  1 acre for 
transmission 

corridor 
ᴑ  Impacts 

not known for 
WTP or well 

field 

Minor impacts 
to 13 acres 

for 
transmission 

corridor 

Impacts not 
known for 

WTP 

Minor impacts 
to: 

ᴑ  1 acre for 
transmission 

corridor 
ᴑ  Impacts 

not known for 
WTP 

Minor impacts 
to: 

ᴑ  2 acres for 
transmission 

corridor 
ᴑ  Impacts 

not known for 
WTP 

 Indirect Same as 
Alternative 

1A 

Minor from: 
ᴑ  Conversion 
to other land 

uses 
ᴑ  Habitat 

fragmentation 
ᴑ  Potential 
reduction in 
air quality 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Wildlife and 
Natural 
Vegetation 

Direct, 
Temporary 

No 
impacts 

ᴑ  Minor 
during 

construction in 
project areas 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 
unknown 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

 Direct, 
Permanent 

No 
impacts 

ᴑ  Minor with  
less than 30 

percent of the 
total project 

corridor 
located on 

forested land 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

ᴑ  Minor with  
30 percent 

and fifth 
largest 

impact on 
wildlife 
habitat 

based on the 
percentage 

of total 
project 
corridor 

located on 
forested land 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

ᴑ  Minor with 
less than 25 

percent of the 
total project 

corridor 
located on 

forested land 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

ᴑ  Minor with 
less than 20 

percent of the 
total project 

corridor 
located on 

forested land 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

ᴑ  Minor with 
36 percent 
and second 

largest impact 
on wildlife 

habitat based 
on 

percentage of 
total project 

corridor 
located on 

forested land 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

ᴑ  Minor with 
37 percent 
and largest 
impact on 

wildlife 
habitat based 

on 
percentage of 
total project 

corridor 
located on 

forested land 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

ᴑ  Minor with  
35 percent 
and fourth 

largest impact 
on wildlife 

habitat based 
on 

percentage of 
total project 

corridor 
located on 

forested land 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

ᴑ  Minor with 
less than 25 
percent of 

total project 
corridor 

located on 
forested land  
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

ᴑ  Minor with  
35 percent 
and third 

largest impact 
on wildlife 

habitat based 
on 

percentage of 
total project 

corridor 
located on 

forested land 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

ᴑ  Minor with 
less than 25 
percent of 

total project 
corridor 

located on 
forested land 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

ᴑ  Minor with 
less than 20 
percent of 

total project 
corridor 

located on 
forested land 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

ᴑ  Minor with 
less than 25 
percent of 

total project 
corridor 

located on 
forested land 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

ᴑ  Minor with 
30 percent of 

total WTP 
area located 
on forested 

land 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

ᴑ  Minor with 
less than 30 
percent of 

total project 
corridor and 
65 percent of 
the total WTP 
area located 
on forested 

land 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 

ᴑ  Minor with 
less than 35 
percent of 

total project 
corridor and 
less than 30 
percent of 
total WTP 

area located 
on forested 

land 
ᴑ  Potential 
impacts to 

threatened or 
endangered 
species are 

unknown 
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Environmental 
Resource 

Duration of 
Impact 

Alternative 1 

No-Action 
(12) 1A 1B 2A 2B 3A 3B 4 5 6 7 8 11 WTP A WTP B WTP C 

Wildlife and 
Natural 
Vegetation 
(con’t) 

Indirect Same as 
Alternative 

1A 

Minor from: 
ᴑ  Reduction 

in habitat 
ᴑ  Habitat 

fragmentation 
ᴑ  Reduction 

in species 
diversity and 

tolerance 
ᴑ  Reduction 
in long-term 
population 

sustainability 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Environmental 
Justice 

Direct, 
Temporary 

No 
impacts 

No dis-
proportionate 

impacts to 
minority or 
low-income 
populations  

No dis-
proportionate 

impacts to 
minority or 
low-income 
populations  

No dis-
proportionate 

impacts to 
minority or 
low-income 
populations 

ᴑ No dis-
proportionate 

impacts to 
minority or 
low-income 
populations 

ᴑ Minor dis-
proportionate 
impacts from 
9.4 miles of 
pipe corridor 
traversing 3 
block groups 
with minority 
populations 
greater than 
50 percent 

ᴑ No 
disproportion
ate impacts to 

low-income 
populations  

Minor dis-pro-
portionate 

impacts as 10 
of 15 block 
groups in 

which pipe 
corridor is 

located are 
comprised of 

minority 
populations 
greater than 
50 percent 

ᴑ No 
disproportion
ate impacts to 

low-income 
populations 

ᴑ No dis-
proportionate 

impacts to 
minority or 
low-income 
populations 

No dis-
proportionate 

impacts to 
minority or 
low-income 
populations  

ᴑ No dis-
proportionate 

impacts to 
minority or 
low-income 
populations 

No dis-
proportionate 

impacts to 
minority or 
low-income 
populations 

ᴑ Minor dis-
proportionate 
impacts from 

well field 
having two 

block groups 
with minority 
populations 
greater than 
50 percent 

ᴑ No 
disproportion
ate impacts to 

low-income 
populations  

Minor dis-
proportionate 
impacts from 
pipe corridor 

traversing 
one block 

group 
comprised of 

minority 
population 

greater than 
50 percent 

ᴑ No 
disproportion
ate impacts to 

low-income 
populations 

No dis-
proportionate 

impacts to 
minority or 
low-income 
populations 

No dis-
proportionate 

impacts to 
minority or 
low-income 
populations 

No dis-
proportionate 

impacts to 
minority or 
low-income 
populations 

Direct, 
Permanent 

No 
impacts 

No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts 

Indirect No 
impacts 

No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts No impacts 

Introduction of 
Toxic 
Substances 

Direct, 
Temporary 

Same as 
Alternative 

1A 

Minor from 
increase in 
storage and 

use of 
hazardous 
and toxic 

materials, and 
generation 

and disposal 
of hazardous 
waste during 
construction 

activities 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 
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Environmental 
Resource 

Duration of 
Impact 

Alternative 1 

No-Action 
(12) 1A 1B 2A 2B 3A 3B 4 5 6 7 8 11 WTP A WTP B WTP C 

Introduction of 
Toxic 
Substances 
(con’t) 

Direct, 
Permanent 

Same as 
Alternative 

1A 

Minor from 
increase in 
storage and 

use of 
hazardous 
and toxic 

materials, and 
generation 

and disposal 
of hazardous 
waste during 
operations 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

 Indirect Same as 
Alternative 

1A 

Minor from: 
ᴑ  Increase in 
likelihood of 

contamination 
ᴑ  Impacts to 
human health 

Same as 
Alternative 

1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Same as 
Alternative 1A 

Total Project 
Cost 

  $239.7 M Costs similar 
to Alternative 
1A 

$294.1 M $294.0 M $282.2 M $248.9 M $332.2 M $190.6 M $252.0 M $261.1 M $294.6 M $377.2 M    

1 It should be noted Alternative 9 is located exclusively within areas currently in use as water treatment facilities. This alternative does not require new infrastructure or the use of land outside of the treatment facilities, so direct impacts to natural resources are not anticipated. As such, a discussion of direct 
impacts for Alternative 9 is not provided. Alternative 10, direct potable reuse, is also not assessed in this evaluation due to this alternative being eliminated from consideration based on current regulatory framework. 
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Table 7-2 Union County YRWSP – Conceptual Cost Opinion (in Millions of $) for YRWSP Alternatives 

Project Cost Item 
ALTERNATIVE1 

1A 2A 2B 3A 3B 4 5 6 7 8 9 10 11 2 

Raw Water Intake & Pump 
Station $7.9 $7.9 $7.9 $7.9 $7.9 $8.2 $19.9 $10.2 $9.1 $155.4 NA NA See Alt 1 

Raw Water Transmission $152.7 $206.5 $206.4 $194.9 $162.4 $203.0 $49.3 - $16.9 $61.6 NA NA See Alt 1 

Raw Water Transmission - 
Land $1.8 $2.4 $2.4 $2.1 $1.7 $2.2 $0.6 - - $0.7 NA NA See Alt 1 

Terminal Reservoir - - - - - $30.7 $42.2 - -  NA NA - 

Terminal Reservoir – Land - - - - - $0.8 $1.3 - - - NA NA - 

Water Treatment Plant $76.6 $76.6 $76.6 $76.6 $76.6 $76.6 $76.6 $60.4 $65.0 $76.6 NA NA See Alt 1 

Water Treatment Plant – 
Land $0.7 $0.7 $0.7 $0.7 $0.3 $0.7 $0.7 - - $0.3 NA NA See Alt 1 

Finished Water 
Transmission to WTP Site 

C/D (excluding land) 3 
- - - - - - - $181.4 $170.1  NA NA - 

Wastewater Returns to 
Tillery - - - - - - - - - - NA NA $137.5 

TOTAL $239.7 $294.1 $294.0 $282.2 $248.9 $322.2 $190.6 $252.0 $261.1 $294.6 NA NA $377.2 

Ranking by Cost 
(Lowest to Highest) 2 8 7 6 3 9 1 4 5 6 NA NA 10 

Notes: 
1Alternative Cost Descriptions: 

- Alternative 1A - Water supply from Lake Tillery with transmission to WTP Site Area C (note - Alternative 1B project cost is similar, but raw water transmission costs and land are higher due to increased length of alignment) 
- Alternative 2A - Water supply from Narrows Reservoir with transmission to WTP Site Area C 
- Alternative 2B - Water supply from Tuckertown Reservoir with transmission to WTP Site Area C 
- Alternative 3A - Water supply from Blewett Falls Lake with transmission to WTP Site Area C 
- Alternative 3B - Water supply from Blewett Falls Lake with transmission to WTP Site Area D 
- Alternative 4 - Water supply from Pee Dee River with transmission to WTP Site Area C 
- Alternative 5 - Water supply from Rocky River with transmission to WTP Site Area C 
- Alternative 6 - Water supply from Catawba River Water Supply Project (Catawba River) 
- Alternative 7 - Water supply from Charlotte Water (Mountain Island Lake) and Catawba River Water Supply Project (Catawba River) 
- Alternative 8 - Water supply from groundwater with transmission to WTP Site Area D 
- Alternative 9 - Water demand management / conservation 
- Alternative 10 - Direct potable reuse 
- Alternative 11 - Wastewater returns to Lake Tillery (total cost shown includes Alternative 1 water supply plus Alternative 11 costs 

2 Wastewater returns to Lake Tillery is an additive cost to the selected water supply alternatives.  For comparison, it has been added to Alternative 1. 
3 Costs determined for Alternatives 6 & 7 to provide a basis of comparison against the other alternatives. 
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Table 7-3, below, provides a brief, practical review of the key differentiators between 
alternatives and the rationale for selecting the Preferred Alternative. As illustrated and 
summarized in this table, Alternative 1A is recommended as the Preferred Alternative for Union 
County’s Yadkin River Water Supply Project. 

Table 7-3 Review of Key Differentiators for Project Alternatives 

Alt. Description Key Differentiators in Comparison to Alternative 1 
1A Lake Tillery to 

Union County Preferred Alternative 
1B Lake Tillery to 

Union County 
 Longer raw water transmission lengths with greater environmental impacts. 
 More costly/cost prohibitive. 

2A, 2B Narrows 
Reservoir (2A) or 
Tuckertown 
Reservoir (2B) to 
Union County 

 More significant consequences for water interests in the Yadkin River 
Basin including lake elevations, reservoir discharges, hydropower 
generation and surface water quality. 

 Less politically acceptable. 
 Longer raw water transmission lengths. 
 More costly/cost prohibitive. 

3A, 3B Blewett Falls 
Reservoir to 
Union County via 
Alternative 
Transmission 
Routes (3A, 3B) 

 More significant consequences for water interests in the Yadkin River 
Basin including reservoir discharges during drought periods. 

 Less politically acceptable. 
 Longer raw water transmission lengths. 
 More costly/cost prohibitive. 

4 Pee Dee River to 
Union County 

 More significant environmental consequences associated with raw 
water storage (i.e. terminal reservoir). 

 Source water not classified for public drinking water supply by NC. 
 Is cost prohibitive. 

5 Rocky River to 
Union County 

 May not meet the purpose and need for overall water demand. 
 Source water not classified as a drinking water source by NC. 
 More significant environmental consequences associated with raw 

water collection (i.e. low head dam) and storage (i.e. terminal reservoir). 
6 Catawba River to 

Union County via 
Existing Catawba 
River Water 
Supply Project 

 Places additional demands on existing high-demand surface waters. 
 More significant environmental consequences for surface water quantity 

and quality interests in the Catawba River Basin, as indicated in Table 
7-1. 

 Likely would not be acceptable from a political/community perspective. 
 More costly than Preferred Alternative. 

7 Catawba River to 
Union County via 
Charlotte Water’s 
Mountain Island 
Lake Withdrawal 

 Places additional demands on existing high-demand surface waters. 
 More significant environmental consequences for surface water quantity 

and quality interests in the Catawba River Basin, as indicated in Table 
7-1. 

 Likely would not be acceptable from a political/community perspective. 
 More costly than Preferred Alternative. 

8 Groundwater 
Supply 

 Has more significant environmental consequences associated with 
magnitude of groundwater well system. 

 Requires extensive, prohibitive land acquisition to meet purpose & need 
 Is cost prohibitive. 

9 Water Demand 
Management and 
Conservation 

 Does not meet the purpose and need. 
 Demand management and conservation reflected in historical water 

demand and future projections for Union County. 
10 Direct Potable 

Reuse 
 Does not meet the purpose and need since no regulatory framework 

exists to make this alternative possible in North Carolina. 
 Likely cost prohibitive and not accepted politically or by the community. 
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Alt. Description Key Differentiators in Comparison to Alternative 1 
11 Alternative 1 with 

Wastewater 
Returns to Lake 
Tillery 

 Has greater environmental consequences associated with wastewater 
return transmission mains and treated effluent discharge to Lake Tillery. 

 Provides little additional environmental benefits. 
 Is cost prohibitive from a capital cost perspective; long-term cost and 

environmental impacts from continuous pumping of wastewater effluent. 
12 No Action 

Alternative 
 Does not meet purpose and need. 
 Development and population growth within the County will continue to 

occur, but with less planning and mitigation. 
 Additional strains put on other water supply sources (e.g. groundwater). 
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8.0 REQUIRED STATE AND FEDERAL 
PERMITS 

The following State and Federal permits are expected to be required for the water withdrawal, 
transfer and distribution/treatment infrastructure construction associated with Union County’s 
proposed Yadkin River Water Supply Project. 

 State Environmental Policy Act Environmental Impact Statement review and issuance of a 
Record of Decision. 

 Interbasin Transfer Certificate from the Environmental Management Commission. 

 Lake Use Permit from Duke Energy Lake Services. 

 County Building Permit (as applicable, per alternative). 

 Soil Disturbance Permit from North Carolina Department of Cultural Resources. 

 Clean Water Act Section 404/401 Nationwide Permit from the U.S. Army Corps of Engineers 
and Division of Water Resources. 

 Erosion and Sedimentation Control from the Division of Land Resources. 

 Authorization to Construct from the Division of Water Resources. 

 Encroachment Agreements with North Carolina Department of Transportation. 

 Air Quality Permit for emergency generators from the Division of Air Quality. 

 No-Rise Certification or Conditional Letter of Map Revision (as applicable, per alternative) 

  

405 
 



Union County Public Works | Environmental Impact Statement 
PUBLIC INVOLVEMENT AND AGENCY COORDINATION  

 

9.0 PUBLIC INVOLVEMENT AND AGENCY 
COORDINATION 

Throughout the development of this Environmental Impact Statement, there has been, and will 
continue to be, the opportunity for public involvement through open meeting forums and public 
document review and comment periods. Union County is abiding by the public involvement 
requirements of North Carolina Statute G.S. 143.215.22L as part of the procedure for obtaining 
an IBT Certificate. 

9.1. Notice of Intent and Public Scoping Meetings 
Following issuance of the Notice of Intent to File a Petition (NOI) to the EMC on August 12, 
2013, Union County conducted three public scoping meetings for the project. One meeting was 
held in the source river basin (Yadkin River Basin) upstream of the proposed withdrawal point, 
one in the source river basin downstream of the proposed withdrawal point, and one in the 
receiving river basin (Rocky River Basin). The public meetings describing the project and EIS 
development process were conducted as follows: 

Meeting 1 – Receiving Basin 
October 3, 2013, 4:30 PM 
Stanly County Public Library 
133 East Main Street 
Albemarle, NC 28001 
 
Meeting 2 – Source Basin (Upstream) 
October 14, 2013, 5:00 PM 
Rowan-Cabarrus Community College – Salisbury Campus 
1333 Jake Alexander Blvd. South 
Salisbury, NC 28146-1595 
 
Meeting 3 – Source Basin (Downstream) 
October 15, 2013, 5:00 PM 
Northeast Technical College – Cheraw Campus 
1201 Chesterfield Highway 
Cheraw, SC 29520 

Public notice of these meetings was published in the September 3, 2013 edition of the North 
Carolina Register and additional advertisement of the meetings was provided through local and 
regional newspapers, email and mailed letters, in accordance with the requirements of G.S. 
143.215.22L. The purpose of each meeting was to present the project and permitting process to 
the public and allow discussion to occur between the public and representatives from the 
County and the engineering consultant. Exhibits, maps, project descriptions and sign-in and 
comment sheets were at the meeting for use and tracking. It is noted that, at each of these 
meetings, public attendance was very light. The members of the public who attended were 
given the opportunity to provide written, verbal or email comments. Each meeting was voice 

406 
 



Union County Public Works | Environmental Impact Statement 
PUBLIC INVOLVEMENT AND AGENCY COORDINATION  

 

recorded for documentation purposes. Details of meeting notifications and any comments 
received are located in Appendix D. 

9.2. State Environmental Review Clearinghouse Notice of 
Scoping 

A Notice of Scoping for the project was provided to the North Carolina State Environmental 
Review Clearinghouse on November 12, 2013, in accordance with the State Environmental 
Policy Act.  The purpose of this scoping letter was to gather relevant comments on the proposed 
action and incorporate them in the water supply alternatives evaluation and environmental 
analyses which would be completed to develop the draft EIS. This notice included descriptions 
of the project background, purpose and need, proposed action, area of impact, proposed 
alternatives and associated figures. 

Under the provisions of the North Carolina Environmental Policy Act, this Notice of Scoping was 
reviewed by the State Clearinghouse on December 30, 2013, and comments were provided by 
various state resource agencies. Details of the Notice of Scoping and associated comments are 
located in Appendix D. 

9.3. Draft EIS Public Hearing 
In accordance with G.S. 143.215.22L and upon submission of the draft EIS to the North 
Carolina Department of Administration State Environmental Review Clearinghouse, notice of 
public hearing was provided thirty days in advance of a public hearing held by the EMC on the 
draft document as follows: 

Draft EIS Public Hearing 
Wednesday, September 16, 2015, 6:00 PM 
Norwood Community Building 
247 West Turner Street, Norwood, NC 28128 

Supporting environmental documents were made available for public review two weeks prior to 
the public hearing on the NCDWR website, as well as through the North Carolina Department of 
Administration State Environmental Review Clearinghouse. Anyone wishing to view the 
environmental document and submit written comments was given an opportunity to do so. 
Written comments were initially accepted by the EMC for 30 days after the hearing, through 
October 16, 2015, and then subsequently extended an additional 30 days through November 
16, 2015. After the public hearing the EMC prepared a record of all comments, including written 
responses to those questions posed in writing. The record also includes complete copies of 
scientific or technical comments related to the potential impact of the IBT. Details of the public 
hearing for the Draft EIS and associated comments are located in Appendix D. 

9.4. Draft Determination Hearings 
Within 90 days after submission of Union County’s petition for an IBT Certificate, the EMC will 
issue a draft determination on whether or not to grant the certificate. Within 60 days of the 
issues of this draft determination, the EMC will hold several public hearings: 
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 At least one in the affected area of the source river basin, 
 At least one in the affected area of the receiving river basin, 
 Additional hearing based on various interests of either upstream or downstream parties 

potentially affected by the proposed transfer. 

Thirty-day written notice of the public hearing will be provided and written comments on the draft 
determination will be accepted for a minimum of 30 days following the last public hearing. The 
EMC will prepare a record of all comments, including written responses to those questions 
posed in writing. The record will also include complete copies of scientific or technical 
comments related to the potential impact of the IBT. After this process, the EMC will make a 
final determination as to whether or not to issue the IBT certificate.  
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11.0 QUALIFICATION OF PREPARERS 
11.1. Key HDR Staff 
Kevin Mosteller, PE, B. Civil Eng., of HDR specializes in the planning, design, and 
construction of water supply, water treatment, and wastewater treatment, distribution, and 
collection facilities. Mr. Mosteller has nearly 25 years of experience with these types of projects 
in the Carolinas, with a special focus on water supply for the last decade. His project experience 
includes the preparation of technical reports, feasibility studies, permitting, engineering 
drawings, specifications, and contract documents. His responsibilities have also included 
hydraulic analyses, cost estimates, quality control, and water supply master planning. His 
contributions to this Environmental Impact Statement include logistical and technical aspects of 
proposed water supply, transmission and treatment infrastructure for the alternatives evaluated 
within this document. He also led the effort as the overall project manager. 

Jonathan Williams, PE, MS Civil Eng., of HDR specializes in water supply planning and the 
design of facilities associated with water and wastewater treatment. He provides engineering 
expertise to both municipal clients and regional water planning associations related to long-
range water supply planning, feasibility studies, regional water quantity and water quality 
modeling, contingency/emergency planning and preliminary infrastructure engineering. His 
contributions to this Environmental Impact Statement include preparation of the alternatives 
analysis and evaluation of environmental impacts related to water quantity for surface water 
resources. 

Brian Krolak, , of HDR is a Senior Water Resources Modeler with 17 years of experience 
designing, constructing, and using computer systems and information systems. He has been 
involved in projects requiring data manipulation, processing, and presentation, with a particular 
focus on hydroelectric reservoir operations and water quantity modeling. For the past eight 
years Mr. Krolak has been primarily involved in the programming of HDR’s proprietary 
hydroelectric reservoir operations model, CHEOPS. This has involved acquiring and validating 
vast amounts of historic operations parameters, programming the model to simulate actual 
operations, and evaluating output to determine benefits of alternative operating scenarios. His 
contributions to this Environmental Impact Statement include development and oversight of the 
water quantity modeling for alternatives analysis. 

Vickie Miller, MS Env., of HDR is an Environmental Scientist with 14 years of experience 
conducting investigations to evaluate terrestrial and aquatic resources. She is a Professional 
Wetland Scientist and is AICP certified. Her responsibilities include field investigations for 
stream classification, biotic community typing and land use mapping, and is experienced in 
evaluating impacts to streams, wetlands, protected species, and historic/archaeological 
resources. She has prepared environmental reports, restoration plans, and permits including 
Environmental Assessments (EA), Natural Resources Technical Reports (NRTR), and 
riparian/wetland restoration plans for the North Carolina Department of Transportation, North 
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Carolina Ecosystem Enhancement Program, Tennessee Department of Transportation and 
numerous private clients. Her contributions to the Environmental Impact Statement include the 
environmental impacts analysis of air quality, noise levels and areas of archeological or historic 
value. 

Bryan Roden-Reynolds, BS Wildlife & Fisheries Sci., of HDR is a regulatory specialist 
responsible for assisting in the generation of the surface water quality sections of this 
Environmental Impact Statement. He has over 5 years of experience evaluating environmental 
issues (i.e. fishery and water resources) and has reviewed permit applications and prepared 
environmental assessments and other NEPA documents that comply with FERC policies and 
other federal laws such as the Federal Power Act, Clean Water Act and the Endangered 
Species Act.  Mr. Roden-Reynolds has prepared or assisted in the preparation of more than a 
half dozen Environmental Assessments/Impact Statements throughout the Unites States, with 
the majority of experience in the Midwest and southern United States. 

Andrew Zimba, BS Ind. & Systems Eng., of HDR specializes in geographic information 
systems, global positioning systems, and project execution.  Mr. Zimba is a Certified GIS 
Professional and ESRI ArcGIS Desktop Developer Professional.  He has designed large GIS-
and GPS-based field data collection projects, performed complex GIS-based analyses, 
managed GIS-based projects and project tasks, and has overseen custom GIS applications 
development. He has been involved in the preparation of extensive GIS-based analysis and 
mapping efforts associated with numerous environmental permitting documents. 

11.2. Key Hazen and Sawyer Staff 
Mary Sadler, PE, MS Env., of Hazen and Sawyer specializes in municipal wastewater 
treatment processes and modeling, planning and design of wastewater treatment facilities, and 
environmental permitting. She has been an active participant in over twenty-five environmental 
permitting projects in North Carolina. Her environmental documents cover a range of projects 
and issues: new water and wastewater treatment plants, water and wastewater capacity 
expansions, water supply, new NPDES discharges, and impacts to state and federally listed 
species. Significant environmental permitting achievements include the Dempsey E. Benton 
WTP and associated Biological Opinion for direct impacts to the federally endangered dwarf 
wedgemussel and an Interbasin Transfer for the Greenville Utilities Commission. 

Linda Diebolt, BS M.Bio., of Hazen and Sawyer is a senior biologist responsible for assisting in 
the generation of the natural resources sections of the EIS. She has over twenty-eight years of 
experience. Ms. Diebolt has performed and managed biological assessments, wetland 
delineations (tidal and non-tidal), permit applications, mitigation site searches, mitigation design 
and specifications, and preparation of environmental documents. Ms. Diebolt has prepared or 
assisted in the preparation of more than forty environmental documents throughout the United 
States. 

Keven Arrance, BS Bio., of Hazen and Sawyer is a biologist responsible for assisting in the 
generation of the natural resources sections of the EIS. She has over thirteen years of 
experience and has performed and managed biological assessments, wetland delineations, 
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permit applications, mitigation design and specifications, and preparation of environmental 
documents. Ms. Arrance has prepared or assisted in the preparation of more than thirty 
environmental documents throughout the United States. 

Tim Devine, PE, MS Env Mgmt, MBA, of Hazen and Sawyer has assisted with water and 
wastewater process evaluations, hydrologic assessments, and preparation of environmental 
documents. He specializes in environmental design and permitting with experience in water 
quality analysis, water/wastewater analysis and design, statistical analysis, and hydrologic 
analysis and modeling. Mr. Devine has assisted in the preparation of ten environmental 
documents.
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APPENDIX A – Maps and Figures 
Figure 1-1: Existing Union County Water Service Areas 

Figure 1-2: Existing Union County Water Pressure Zones 

Figure 1-3: Future Union County Water Service Areas 

Figure 1-4: Future Union County Water Pressure Zones 

Figure 2-1: Union County Wastewater Service Basins 

Figure 2-2: Union County Water Supply Projections for the Yadkin River Water Supply Project 

Figure 2-3: Alternatives Overview 

Figure 3-1a: Alternative Map (Alternatives 1A, 1B, 2A, 2B, and WTP Alternatives B and C) 

Figure 3-1b: Alternative Map (Alternatives 3A, 3B, 4, 5, and WTP Alternatives B and C) 

Figure 3-1c: Alternative Map (Alternative 6) 

Figure 3-1d: Alternative Map (Alternative 7) 

Figure 3-1e: Alternative Map (Alternative 8) 

Figure 3-1f: Alternative Map (Alternative 11) 

Figure 3-2: Alternative 8 - Groundwater 

Figure 3-3: Alternative 10 - Direct Potable Reuse 

Figure 3-4: Alternative 11 - Wastewater Returns to Lake Tillery 

Figure 4-1a: USGS Topographic Quadrangle Maps (Alternatives 1A, 1B, 2A, 2B, and WTP 
Alternatives B and C) 

Figure 4-1b: USGS Topographic Quadrangle Maps (Alternatives 3A, 3B, 4, 5, and WTP 
Alternatives B and C) 

Figure 4-1c: USGS Topographic Quadrangle Maps (Alternative 6) 

Figure 4-1d: USGS Topographic Quadrangle Maps (Alternative 7) 

Figure 4-1e: USGS Topographic Quadrangle Maps (Alternative 8) 

Figure 4-1f: USGS Topographic Quadrangle Maps (Alternative 11) 

Figure 4-2a: Soils (Alternatives 1A, 1B, 2A, 2B, and WTP Alternatives B and C) 

Figure 4-2b: Soils (Alternatives 3A, 3B, 4, 5, and WTP Alternatives B and C) 

Figure 4-2c: Soils (Alternative 6) 
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Figure 4-2d: Soils (Alternative 7) 

Figure 4-2e: Soils (Alternative 8) 

Figure 4-2f: Soils (Alternative 11) 

Figure 4-3a: Land Cover (Alternatives 1A, 1B, 2A, 2B, and WTP Alternatives B and C) 

Figure 4-3b: Land Cover (Alternatives 3A, 3B, 4, 5, and WTP Alternatives B and C) 

Figure 4-3c: Land Cover (Alternative 6) 

Figure 4-3d: Land Cover (Alternative 7) 

Figure 4-3e: Land Cover (Alternative 8) 

Figure 4-3f: Land Cover (Alternative 11) 

Figure 4-4a: Public Lands, Recreational, and State Natural Areas (Alternatives 1A, 1B, 2A, 2B, 
and WTP Alternatives B and C) 

Figure 4-4b: Public Lands, Recreational, and State Natural Areas (Alternatives 3A, 3B, 4, 5, and 
WTP Alternatives B and C) 

Figure 4-4c: Public Lands, Recreational, and State Natural Areas (Alternative 7) 

Figure 4-4e: Public Lands, Recreational, and State Natural Areas (Alternative 8) 

Figure 4-4f: Public Lands, Recreational, and State Natural Areas (Alternative 11) 

Figure 4-5a: Prime Agricultural Lands (Alternatives 1A, 1B, 2A, 2B, and WTP Alternatives B and 
C) 

Figure 4-5b: Prime Agricultural Lands (Alternatives 3A, 3B, 4, 5, and WTP Alternatives B and C) 

Figure 4-5c: Prime Agricultural Lands (Alternative 6) 

Figure 4-5d: Prime Agricultural Lands (Alternative 7) 

Figure 4-5e: Prime Agricultural Lands (Alternative 8) 

Figure 4-5f: Prime Agricultural Lands (Alternative 11) 

Figure 4-6: Air Quality Nonattainment Areas 

Figure 4-7a: Floodplain and Floodway (Alternatives 1A, 1B, 2A, 2B, and WTP Alternatives B 
and C) 

Figure 4-7b: Floodplain and Floodway (Alternatives 3A, 3B, 4, 5, and WTP Alternatives B and 
C) 

Figure 4-7c: Floodplain and Floodway (Alternative 6) 

Figure 4-7d: Floodplain and Floodway (Alternative 7) 
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Figure 4-7e: Floodplain and Floodway (Alternative 8) 

Figure 4-7f: Floodplain and Floodway (Alternative 11) 

Figure 4-8a: NWI Mapping (Alternatives 1A, 1B, 2A, 2B, and WTP Alternatives) 

Figure 4-8b: NWI Mapping (Alternatives 3A, 3B, 4, 5, and WTP Alternatives) 

Figure 4-8c: NWI Mapping (Alternative 6) 

Figure 4-8d: NWI Mapping (Alternative 7) 

Figure 4-8e: NWI Mapping (Alternative 8) 

Figure 4-8f: NWI Mapping (Alternative 11) 

Figure 4-9a: Surface Waters and Hydrologic Units (Alternatives 1A, 1B, 2A, 2B, and WTP 
Alternatives) 

Figure 4-9b: Surface Waters and Hydrologic Units (Alternatives 3A, 3B, 4, 5, and WTP 
Alternatives) 

Figure 4-9c: Surface Waters and Hydrologic Units (Alternative 6) 

Figure 4-9d: Surface Waters and Hydrologic Units (Alternative 7) 

Figure 4-9e: Surface Waters and Hydrologic Units (Alternative 8) 

Figure 4-9f: Surface Waters and Hydrologic Units (Alternative 11) 

Figure 4-10a: Surface Water Quality (Alternatives 1A, 1B, 2A, 2B, and WTP Alternatives) 

Figure 4-10b: Surface Water Quality (Alternatives 3A, 3B, 4, 5, and WTP Alternatives) 

Figure 4-10c: Surface Water Quality (Alternative 6) 

Figure 4-10d: Surface Water Quality (Alternative 7) 

Figure 4-10e: Surface Water Quality (Alternative 8) 

Figure 4-10f: Surface Water Quality (Alternative 11) 

Figure 4-11: Block Groups from 2010 Census 

Figure 4-12: Census Tracts from 2010 Census 

Figure 4-13: Percentage of Minority Populations by Block Group 

Figure 4-14: Percentage of Low-Income Populations by Census Tract 
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Anson 
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Anson 

Total YRWSP Total

A B C D E F G H I G H I J K L M N O P Q R S T U V W z AA

2010 5.6 4.9 10.5 8.0 6.9 14.8 9.7 8.4 18.1 14.8 0.0 14.8 2.5 0.0 2.5 0.0 2.5 17.2 86.2% YES 6.8 -4.4 4.4 0.7 3.7 Catawba to Yadkin

2011 5.9 5.1 11.0 1.70 1.70 8.2 7.1 15.3 10.0 8.7 18.7 14.8 2.5 17.2 2.5 0.0 2.5 0.0 2.5 19.7 77.8% YES 9.0 -4.6 4.6 0.8 3.9 Catawba to Yadkin

2012 6.2 5.3 11.5 1.70 1.70 8.6 7.4 16.0 10.5 9.0 19.5 14.8 2.5 17.2 2.5 0.0 2.5 0.0 2.5 19.7 81.2% YES 8.6 -4.9 4.9 0.8 4.1 Catawba to Yadkin

2013 6.4 5.5 11.9 1.70 1.70 8.9 7.7 16.6 10.8 9.4 20.2 14.8 2.5 17.2 2.5 0.0 2.5 0.0 2.5 19.7 84.2% YES 8.4 -5.2 5.2 0.9 4.3 Catawba to Yadkin

2014 6.6 5.8 12.3 1.70 1.70 10.7 8.0 18.7 13.0 9.8 22.8 14.8 2.5 17.2 2.5 0.8 3.3 0.0 3.3 20.5 91.4% YES 6.5 -4.7 4.7 1.0 3.7 Catawba to Yadkin

2015 6.8 6.0 12.8 1.70 1.70 11.0 8.4 19.4 13.4 10.2 23.6 14.8 2.5 17.2 2.5 0.8 3.3 0.0 3.3 20.5 94.4% YES 6.2 -5.1 5.1 1.1 4.0 Catawba to Yadkin

2016 7.0 6.3 13.2 1.70 1.70 11.3 8.7 20.0 13.8 10.6 24.4 14.8 2.5 17.2 2.5 0.8 3.3 0.0 3.3 20.5 97.6% YES 5.9 -5.4 5.4 1.2 4.3 Catawba to Yadkin

2017 7.2 6.5 13.7 1.70 1.70 11.6 9.1 20.7 14.1 11.1 25.2 14.8 2.5 17.2 2.5 0.8 3.3 0.0 3.3 20.5 100.8% YES 5.6 -5.8 5.8 1.3 4.5 Catawba to Yadkin

2018 7.4 6.8 14.2 1.70 1.70 11.9 9.5 21.4 14.5 11.5 26.0 14.8 7.4 22.1 2.5 0.8 3.3 0.0 3.3 25.4 84.0% YES 10.2 -6.2 6.2 1.6 4.6 Catawba to Yadkin

2019 7.6 7.1 14.7 1.70 1.70 12.2 9.8 22.1 14.9 12.0 26.9 14.8 7.4 22.1 2.5 0.8 3.3 0.0 3.3 25.4 86.8% YES 9.9 -6.6 6.6 1.7 4.9 Catawba to Yadkin

2020 7.9 7.4 15.2 1.70 1.70 12.6 10.2 22.8 15.3 12.5 27.8 14.8 7.4 22.1 2.5 0.8 3.3 0.0 3.3 25.4 89.7% YES 9.6 -7.0 7.0 1.8 5.2 Catawba to Yadkin

2021 8.1 7.7 15.7 1.70 1.70 12.8 10.7 23.5 15.6 13.0 28.6 14.8 7.4 22.1 2.5 0.8 3.3 0.0 3.3 25.4 92.4% YES 9.3 -7.4 7.4 1.8 5.6 Catawba to Yadkin

2022 8.3 8.0 16.2 1.70 1.70 13.1 11.1 24.2 15.9 13.5 29.5 14.8 7.4 22.1 0.0 0.0 0.0 9.8 9.8 32.0 75.6% YES 9.1 -1.3 1.3 1.9 0.0

2023 8.5 8.3 16.7 1.70 1.70 13.3 11.6 24.9 16.3 14.1 30.4 14.8 7.4 22.1 0.0 0.0 0.0 9.8 9.8 32.0 77.8% YES 8.8 -1.7 1.7 2.0 0.0

2024 8.7 8.6 17.3 1.70 1.70 13.6 12.0 25.6 16.6 14.7 31.3 14.8 7.4 22.1 0.0 0.0 0.0 9.8 9.8 32.0 80.2% YES 8.5 -2.2 2.2 2.1 0.1 Catawba to Yadkin

2025 8.9 9.0 17.8 1.70 1.70 13.9 12.5 26.4 17.0 15.3 32.2 14.8 7.4 22.1 0.0 0.0 0.0 9.8 9.8 32.0 82.6% YES 8.2 -2.7 2.7 2.1 0.5 Catawba to Yadkin

2026 9.1 9.3 18.4 1.70 1.70 14.2 13.0 27.2 17.3 15.9 33.2 14.8 7.4 22.1 0.0 0.0 0.0 9.8 9.8 32.0 85.0% YES 8.0 -3.2 3.2 2.2 1.0 Catawba to Yadkin

2027 9.3 9.7 19.0 1.70 1.70 14.5 13.5 28.0 17.7 16.5 34.2 14.8 7.4 22.1 0.0 0.0 0.0 9.8 9.8 32.0 87.6% YES 7.7 -3.7 3.7 2.3 1.4 Catawba to Yadkin

2028 9.5 10.1 19.6 1.70 1.70 14.8 14.1 28.8 18.0 17.2 35.2 14.8 7.4 22.1 0.0 0.0 0.0 9.8 9.8 32.0 90.2% YES 7.4 -4.2 4.2 2.4 1.9 Catawba to Yadkin

2029 9.7 10.5 20.2 1.70 1.70 15.1 14.6 29.7 18.4 17.8 36.2 14.8 7.4 22.1 0.0 0.0 0.0 9.8 9.8 32.0 92.9% YES 7.1 -4.8 4.8 2.4 2.4 Catawba to Yadkin

2030 9.9 10.9 20.8 1.70 1.70 15.4 15.2 30.6 18.8 18.6 37.3 14.8 7.4 22.1 0.0 0.0 0.0 9.8 9.8 32.0 95.7% YES 6.8 -5.4 5.4 2.5 2.9 Catawba to Yadkin

2031 10.1 11.3 21.5 1.70 1.70 15.7 15.8 31.5 19.2 19.2 38.4 14.8 7.4 22.1 0.0 0.0 0.0 9.8 9.8 32.0 98.4% YES 6.4 -5.9 5.9 2.6 3.4 Catawba to Yadkin

2032 10.4 11.7 22.1 1.70 1.70 16.0 16.3 32.4 19.5 19.9 39.5 14.8 7.4 22.1 0.0 0.0 0.0 16.4 16.4 38.5 84.0% YES 6.1 0.1 0.0 2.6 0.0

2033 10.6 12.1 22.8 1.70 1.70 16.4 16.9 33.3 19.9 20.7 40.6 14.8 7.4 22.1 0.0 0.0 0.0 16.4 16.4 38.5 86.4% YES 5.8 -0.5 0.5 2.7 0.0

2034 10.9 12.6 23.4 1.70 1.70 16.7 17.5 34.2 20.4 21.4 41.8 14.8 7.4 22.1 0.0 0.0 0.0 16.4 16.4 38.5 88.8% YES 5.4 -1.1 1.1 2.8 0.0

2035 11.1 13.0 24.1 1.70 1.70 17.0 18.2 35.2 20.8 22.2 42.9 14.8 7.4 22.1 0.0 0.0 0.0 16.4 16.4 38.5 91.4% YES 5.1 -1.8 1.8 2.8 0.0

2036 11.4 13.5 24.9 1.70 1.70 17.4 18.8 36.2 21.2 23.0 44.2 14.8 7.4 22.1 0.0 0.0 0.0 16.4 16.4 38.5 94.0% YES 4.8 -2.4 2.4 2.9 0.0

2037 11.6 14.0 25.6 1.70 1.70 17.7 19.5 37.2 21.6 23.8 45.4 14.8 7.4 22.1 0.0 0.0 0.0 16.4 16.4 38.5 96.7% YES 4.4 -3.1 3.1 2.9 0.2 Catawba to Yadkin

2038 11.9 14.5 26.4 1.70 1.70 18.1 20.2 38.3 22.1 24.7 46.7 14.8 7.4 22.1 0.0 0.0 0.0 16.4 16.4 38.5 99.4% YES 4.0 -3.8 3.8 3.0 0.8 Catawba to Yadkin

2039 12.1 15.0 27.2 1.70 1.70 18.5 20.9 39.4 22.5 25.5 48.1 14.8 14.8 29.5 0.0 0.0 0.0 16.4 16.4 45.9 85.8% YES 11.1 -4.5 4.5 3.0 1.5 Catawba to Yadkin

2040 12.4 15.6 28.0 1.70 1.70 18.8 21.7 40.5 23.0 26.4 49.4 14.8 14.8 29.5 0.0 0.0 0.0 16.4 16.4 45.9 88.3% YES 10.7 -5.3 5.3 3.1 2.2 Catawba to Yadkin

2041 12.7 16.0 28.7 1.70 1.70 19.2 22.3 41.6 23.5 27.2 50.7 14.8 14.8 29.5 0.0 0.0 0.0 16.4 16.4 45.9 90.5% YES 10.3 -5.9 5.9 3.2 2.8 Catawba to Yadkin

2042 13.0 16.5 29.4 1.70 1.70 19.6 23.0 42.6 23.9 28.0 52.0 14.8 14.8 29.5 0.0 0.0 0.0 16.4 16.4 45.9 92.8% YES 9.9 -6.6 6.6 3.2 3.4 Catawba to Yadkin

2043 13.2 17.0 30.2 1.70 1.70 20.0 23.7 43.7 24.4 28.8 53.3 14.8 14.8 29.5 0.0 0.0 0.0 16.4 16.4 45.9 95.1% YES 9.5 -7.3 7.3 3.3 4.0 Catawba to Yadkin

2044 13.5 17.5 31.0 1.70 1.70 20.4 24.3 44.8 24.9 29.7 54.6 14.8 14.8 29.5 0.0 0.0 0.0 23.0 23.0 52.5 85.3% YES 9.1 -1.4 1.4 3.3 0.0

2045 13.8 18.0 31.8 1.70 1.70 20.9 25.1 45.9 25.4 30.6 56.0 14.8 14.8 29.5 0.0 0.0 0.0 23.0 23.0 52.5 87.5% YES 8.7 -2.1 2.1 3.4 0.0

2046 14.1 18.5 32.6 1.70 1.70 21.3 25.8 47.1 25.9 31.5 57.4 14.8 14.8 29.5 0.0 0.0 0.0 23.0 23.0 52.5 89.7% YES 8.2 -2.8 2.8 3.5 0.0

2047 14.5 19.0 33.5 1.70 1.70 21.7 26.5 48.3 26.5 32.4 58.8 14.8 14.8 29.5 0.0 0.0 0.0 23.0 23.0 52.5 91.9% YES 7.8 -3.6 3.6 3.5 0.1 Catawba to Yadkin

2048 14.8 19.6 34.4 1.70 1.70 22.2 27.3 49.5 27.0 33.3 60.3 14.8 14.8 29.5 0.0 0.0 0.0 23.0 23.0 52.5 94.3% YES 7.4 -4.4 4.4 3.6 0.8 Catawba to Yadkin

2049 15.1 20.2 35.3 1.70 1.70 22.6 28.1 50.7 27.6 34.3 61.8 14.8 14.8 29.5 0.0 0.0 0.0 23.0 23.0 52.5 96.6% YES 6.9 -5.2 5.2 3.6 1.5 Catawba to Yadkin

2050 15.4 20.8 36.2 1.70 1.70 23.1 28.9 52.0 28.1 35.3 63.4 14.8 14.8 29.5 0.0 0.0 0.0 23.0 23.0 52.5 99.1% YES 6.5 -6.0 6.0 3.7 2.3 Catawba to Yadkin

Union County Water Supply Projections for the Yadkin River Water Supply Project

Catawba Inputs Yadkin Inputs
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Yadkin River Water Supply Project
Union County, North Carolina

Figure 2-2: Union County Water Supply
Projections for the Yadkin River

Water Supply Project

* *

* Includes 1.99 MGD (max day) supply to City of Monroe by contract, beginning in 2014.
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Water System: Union County (PWSID 01‐90‐413) Date: 12/14/2015

Source Basin: Yadkin River (18‐1) Prepared By: HDR

Receiving Basin(s):  Rocky River (18‐4)

Source 
Basin

(MGD)

(D)

Receiving 
Basin4

(MGD)

(E)

Source Basin
(MGD)

(F)

Receiving 
Basin

(MGD)

(G)

2010 Union County2 1.79 0.00 0.00 0.00 2.40 0.00 1.79 Cork Rule Exception applies5

2013 (BASE YEAR) Union County2 1.79 0.00 0.00 0.00 2.75 0.00 1.79 Cork Rule Exception applies5

2015 Union County2 2.37 0.00 0.00 0.00 2.98 0.00 2.37 Cork Rule Exception applies5

2020 Union County2 2.37 0.00 0.00 0.00 4.07 0.00 2.37 Cork Rule Exception applies5

2030 Union County2 7.03 0.00 1.53 0.00 5.50 0.00 7.03 Assumes YRWSP operational

2040 Union County2 11.76 0.00 4.86 0.00 6.90 0.00 11.76 Assumes YRWSP operational

2050 Union County2 16.50 0.00 7.70 0.00 8.80 0.00 16.50 Assumes YRWSP operational

Notes:

1. All numbers are expressed in million gallons per day (MGD) rounded to two decimal places.

2. Union County water system includes wholesale water supply to the Town of Wingate.

3. Water use values shown for 2010‐2015 are estimated values, based on Union County Master Plan and subsequent projections developed for this EIS document.

5. Cork Rule Exception applies for Anson County water sales to Union County as the withdrawal is below Rocky River confluence with the Pee Dee River.

4. Consumptive loss values indicated in the receiving basin through 2020 reflect low values as a portion of wastewater returns to the receiving basin may include returns of supplemental water 

supplied to the receiving basin through Union County's existing grandfathered Catawba River IBT.

Comments

‐AVERAGE DAILY TRANSFER ESTIMATES‐
INTERBASIN TRANSFER WATER BALANCE TABLE

Consumptive Loss1 Wastewater Discharge1

Year3

(A)

Water System

(B)

Withdrawal 
fron Source1

(MGD)

(C)

Total Return to 
Source Basin1

(MGD)

(H)=(D)+(F)

Total Surface 
Water Transfer1

(MGD)

(I)=(C)‐(H)
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Water System: Union County (PWSID 01‐90‐413) Date: 12/14/2015

Source Basin: Yadkin River (18‐1) Prepared By: HDR

Receiving Basin(s):  Rocky River (18‐4)

Source 
Basin

(MGD)

(D)

Receiving 
Basin5

(MGD)

(E)

Source Basin
(MGD)

(F)

Receiving 
Basin

(MGD)

(G)

2010 Union County2 2.50 0.00 0.10 0.00 2.40 0.00 2.50 Cork Rule Exception applies6

2013 (BASE YEAR) Union County2 2.50 0.00 0.00 0.00 2.75 0.00 2.50 Cork Rule Exception applies6

2015 Union County2 3.30 0.00 0.32 0.00 2.98 0.00 3.30 Cork Rule Exception applies6

2020 Union County2 3.30 0.00 0.00 0.00 4.07 0.00 3.30 Cork Rule Exception applies6

2030 Union County2 9.80 0.00 4.30 0.00 5.50 0.00 9.80 Assumes YRWSP operational

2040 Union County2 16.40 0.00 9.50 0.00 6.90 0.00 16.40 Assumes YRWSP operational

2050 Union County2 23.00 0.00 14.20 0.00 8.80 0.00 23.00 Assumes YRWSP operational

Notes:

1. All numbers are expressed in million gallons per day (MGD) rounded to two decimal places.

2. Union County water system includes wholesale water supply to the Town of Wingate.

3. Wastewater discharge shown based on average annual daily values to more accurately reflect full magnitude of water transfer.

4. Water use values shown for 2010‐2015 are estimated values, based on Union County Master Plan and subsequent projections developed for this EIS document.

6. Cork Rule Exception applies for Anson County water sales to Union County as the withdrawal is below Rocky River confluence with the Pee Dee River.

5. Consumptive loss values indicated in the receiving basin through 2020 reflect low values as a portion of wastewater returns to the receiving basin may include returns of supplemental water 

supplied to the receiving basin through Union County's existing grandfathered Catawba River IBT.

Comments

‐MAXIMUM MONTH AVERAGE DAILY TRANSFER ESTIMATES‐
INTERBASIN TRANSFER WATER BALANCE TABLE

Total Return to 
Source Basin1

(MGD)

(H)=(D)+(F)

Total Surface 
Water Transfer1

(MGD)

(I)=(C)‐(H)

Year4

(A)

Water System

(B)

Withdrawal 
fron Source1

(MGD)

(C)

Consumptive Loss1 Wastewater Discharge1,3
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Legend
2.4% 2.7%

1.8% Population Growth 2021-2030 2.7%

1.8% Population Growth 2031-2040 2.4%

1.8% Population Growth 2041-2050 1.8%

Service Area Growth 0.20% Service Area Growth 1.00%
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CRWTP
Existing

CRWTP
New Total

Anson
Existing

Anson 
New

Anson 
Total YRWSP Total

CRWTP
Existing

CRWTP
New Total

Anson
Existing Anson New Anson Total YRWSP Total

A B C D E F G H I G H I J K L M N O P Q R S T U V W z AA J K L M N O P Q R S T U V W X y z AA

2010 5.6 4.9 10.5 8.0 6.9 14.8 9.7 8.4 18.1 14.8 0.0 14.8 2.5 0.0 2.5 0.0 2.5 17.2 86.2% YES 6.8 -4.4 4.4 0.7 3.7 Catawba to Yadkin 18.0 0.0 18.0 3.0 0.0 3.0 0.0 3.0 21.0 86.2% YES 8.3 -5.4 5.4 0.9 4.5 0.82 3.7 Catawba to Yadkin
2011 5.9 5.1 11.0 1.70 1.70 8.2 7.1 15.3 10.0 8.7 18.7 14.8 2.5 17.2 2.5 0.0 2.5 0.0 2.5 19.7 77.8% YES 9.0 -4.6 4.6 0.8 3.9 Catawba to Yadkin 18.0 3.0 21.0 3.0 0.0 3.0 0.0 3.0 24.0 77.8% YES 11.0 -5.7 5.7 0.9 4.8 0.82 3.9 Catawba to Yadkin
2012 6.2 5.3 11.5 1.70 1.70 8.6 7.4 16.0 10.5 9.0 19.5 14.8 2.5 17.2 2.5 0.0 2.5 0.0 2.5 19.7 81.2% YES 8.6 -4.9 4.9 0.8 4.1 Catawba to Yadkin 18.0 3.0 21.0 3.0 0.0 3.0 0.0 3.0 24.0 81.2% YES 10.5 -6.0 6.0 1.0 5.0 0.82 4.1 Catawba to Yadkin
2013 6.4 5.5 11.9 1.70 1.70 8.9 7.7 16.6 10.8 9.4 20.2 14.8 2.5 17.2 2.5 0.0 2.5 0.0 2.5 19.7 84.2% YES 8.4 -5.2 5.2 0.9 4.3 Catawba to Yadkin 18.0 3.0 21.0 3.0 0.0 3.0 0.0 3.0 24.0 84.2% YES 10.2 -6.4 6.4 1.1 5.3 0.82 4.3 Catawba to Yadkin
2014 6.6 5.8 12.3 1.70 1.70 10.7 8.0 18.7 13.0 9.8 22.8 14.8 2.5 17.2 2.5 0.8 3.3 0.0 3.3 20.5 91.4% YES 6.5 -4.7 4.7 1.0 3.7 Catawba to Yadkin 18.0 3.0 21.0 3.0 1.0 4.0 0.0 4.0 25.0 91.4% YES 8.0 -5.8 5.8 1.2 4.6 0.82 3.7 Catawba to Yadkin
2015 6.8 6.0 12.8 1.70 1.70 11.0 8.4 19.4 13.4 10.2 23.6 14.8 2.5 17.2 2.5 0.8 3.3 0.0 3.3 20.5 94.4% YES 6.2 -5.1 5.1 1.1 4.0 Catawba to Yadkin 18.0 3.0 21.0 3.0 1.0 4.0 0.0 4.0 25.0 94.4% YES 7.6 -6.2 6.2 1.3 4.9 0.82 4.0 Catawba to Yadkin
2016 7.0 6.3 13.2 1.70 1.70 11.3 8.7 20.0 13.8 10.6 24.4 14.8 2.5 17.2 2.5 0.8 3.3 0.0 3.3 20.5 97.6% YES 5.9 -5.4 5.4 1.2 4.3 Catawba to Yadkin 18.0 3.0 21.0 3.0 1.0 4.0 0.0 4.0 25.0 97.6% YES 7.2 -6.6 6.6 1.4 5.2 0.82 4.3 Catawba to Yadkin
2017 7.2 6.5 13.7 1.70 1.70 11.6 9.1 20.7 14.1 11.1 25.2 14.8 2.5 17.2 2.5 0.8 3.3 0.0 3.3 20.5 100.8% YES 5.6 -5.8 5.8 1.3 4.5 Catawba to Yadkin 18.0 3.0 21.0 3.0 1.0 4.0 0.0 4.0 25.0 100.8% NO 6.9 -7.1 7.1 1.5 5.5 0.82 4.5 Catawba to Yadkin
2018 7.4 6.8 14.2 1.70 1.70 11.9 9.5 21.4 14.5 11.5 26.0 14.8 7.4 22.1 2.5 0.8 3.3 0.0 3.3 25.4 84.0% YES 10.2 -6.2 6.2 1.6 4.6 Catawba to Yadkin 18.0 9.0 27.0 3.0 1.0 4.0 0.0 4.0 31.0 84.0% YES 12.5 -7.5 7.5 1.9 5.6 0.82 4.6 Catawba to Yadkin
2019 7.6 7.1 14.7 1.70 1.70 12.2 9.8 22.1 14.9 12.0 26.9 14.8 7.4 22.1 2.5 0.8 3.3 0.0 3.3 25.4 86.8% YES 9.9 -6.6 6.6 1.7 4.9 Catawba to Yadkin 18.0 9.0 27.0 3.0 1.0 4.0 0.0 4.0 31.0 86.8% YES 12.1 -8.0 8.0 2.0 6.0 0.82 4.9 Catawba to Yadkin
2020 7.9 7.4 15.2 1.70 1.70 12.6 10.2 22.8 15.3 12.5 27.8 14.8 7.4 22.1 2.5 0.8 3.3 0.0 3.3 25.4 89.7% YES 9.6 -7.0 7.0 1.8 5.2 Catawba to Yadkin 18.0 9.0 27.0 3.0 1.0 4.0 0.0 4.0 31.0 89.7% YES 11.7 -8.5 8.5 2.2 6.3 0.82 5.2 Catawba to Yadkin
2021 8.1 7.7 15.7 1.70 1.70 12.8 10.7 23.5 15.6 13.0 28.6 14.8 7.4 22.1 2.5 0.8 3.3 0.0 3.3 25.4 92.4% YES 9.3 -7.4 7.4 1.8 5.6 Catawba to Yadkin 18.0 9.0 27.0 3.0 1.0 4.0 0.0 4.0 31.0 92.4% YES 11.4 -9.0 9.0 2.2 6.8 0.82 5.6 Catawba to Yadkin
2022 8.3 8.0 16.2 1.70 1.70 13.1 11.1 24.2 15.9 13.5 29.5 14.8 7.4 22.1 0.0 0.0 0.0 9.8 9.8 32.0 75.6% YES 9.1 -1.3 1.3 1.9 0.0 18.0 9.0 27.0 0.0 0.0 0.0 12.0 12.0 39.0 75.6% YES 11.1 -1.5 1.5 2.3 0.0 0.82 0.0
2023 8.5 8.3 16.7 1.70 1.70 13.3 11.6 24.9 16.3 14.1 30.4 14.8 7.4 22.1 0.0 0.0 0.0 9.8 9.8 32.0 77.8% YES 8.8 -1.7 1.7 2.0 0.0 18.0 9.0 27.0 0.0 0.0 0.0 12.0 12.0 39.0 77.8% YES 10.7 -2.1 2.1 2.4 0.0 0.82 0.0
2024 8.7 8.6 17.3 1.70 1.70 13.6 12.0 25.6 16.6 14.7 31.3 14.8 7.4 22.1 0.0 0.0 0.0 9.8 9.8 32.0 80.2% YES 8.5 -2.2 2.2 2.1 0.1 Catawba to Yadkin 18.0 9.0 27.0 0.0 0.0 0.0 12.0 12.0 39.0 80.2% YES 10.4 -2.7 2.7 2.5 0.2 0.82 0.1 Catawba to Yadkin
2025 8.9 9.0 17.8 1.70 1.70 13.9 12.5 26.4 17.0 15.3 32.2 14.8 7.4 22.1 0.0 0.0 0.0 9.8 9.8 32.0 82.6% YES 8.2 -2.7 2.7 2.1 0.5 Catawba to Yadkin 18.0 9.0 27.0 0.0 0.0 0.0 12.0 12.0 39.0 82.6% YES 10.0 -3.3 3.3 2.6 0.7 0.82 0.5 Catawba to Yadkin
2026 9.1 9.3 18.4 1.70 1.70 14.2 13.0 27.2 17.3 15.9 33.2 14.8 7.4 22.1 0.0 0.0 0.0 9.8 9.8 32.0 85.0% YES 8.0 -3.2 3.2 2.2 1.0 Catawba to Yadkin 18.0 9.0 27.0 0.0 0.0 0.0 12.0 12.0 39.0 85.0% YES 9.7 -3.9 3.9 2.7 1.2 0.82 1.0 Catawba to Yadkin
2027 9.3 9.7 19.0 1.70 1.70 14.5 13.5 28.0 17.7 16.5 34.2 14.8 7.4 22.1 0.0 0.0 0.0 9.8 9.8 32.0 87.6% YES 7.7 -3.7 3.7 2.3 1.4 Catawba to Yadkin 18.0 9.0 27.0 0.0 0.0 0.0 12.0 12.0 39.0 87.6% YES 9.3 -4.5 4.5 2.8 1.7 0.82 1.4 Catawba to Yadkin
2028 9.5 10.1 19.6 1.70 1.70 14.8 14.1 28.8 18.0 17.2 35.2 14.8 7.4 22.1 0.0 0.0 0.0 9.8 9.8 32.0 90.2% YES 7.4 -4.2 4.2 2.4 1.9 Catawba to Yadkin 18.0 9.0 27.0 0.0 0.0 0.0 12.0 12.0 39.0 90.2% YES 9.0 -5.2 5.2 2.9 2.3 0.82 1.9 Catawba to Yadkin
2029 9.7 10.5 20.2 1.70 1.70 15.1 14.6 29.7 18.4 17.8 36.2 14.8 7.4 22.1 0.0 0.0 0.0 9.8 9.8 32.0 92.9% YES 7.1 -4.8 4.8 2.4 2.4 Catawba to Yadkin 18.0 9.0 27.0 0.0 0.0 0.0 12.0 12.0 39.0 92.9% YES 8.6 -5.8 5.8 3.0 2.9 0.82 2.4 Catawba to Yadkin
2030 9.9 10.9 20.8 1.70 1.70 15.4 15.2 30.6 18.8 18.6 37.3 14.8 7.4 22.1 0.0 0.0 0.0 9.8 9.8 32.0 95.7% YES 6.8 -5.4 5.4 2.5 2.9 Catawba to Yadkin 18.0 9.0 27.0 0.0 0.0 0.0 12.0 12.0 39.0 95.7% YES 8.2 -6.6 6.6 3.1 3.5 0.82 2.9 Catawba to Yadkin
2031 10.1 11.3 21.5 1.70 1.70 15.7 15.8 31.5 19.2 19.2 38.4 14.8 7.4 22.1 0.0 0.0 0.0 9.8 9.8 32.0 98.4% YES 6.4 -5.9 5.9 2.6 3.4 Catawba to Yadkin 18.0 9.0 27.0 0.0 0.0 0.0 12.0 12.0 39.0 98.4% YES 7.8 -7.2 7.2 3.1 4.1 0.82 3.4 Catawba to Yadkin
2032 10.4 11.7 22.1 1.70 1.70 16.0 16.3 32.4 19.5 19.9 39.5 14.8 7.4 22.1 0.0 0.0 0.0 16.4 16.4 38.5 84.0% YES 6.1 0.1 0.0 2.6 0.0 18.0 9.0 27.0 0.0 0.0 0.0 20.0 20.0 47.0 84.0% YES 7.5 0.1 0.0 3.2 0.0 0.82 0.0
2033 10.6 12.1 22.8 1.70 1.70 16.4 16.9 33.3 19.9 20.7 40.6 14.8 7.4 22.1 0.0 0.0 0.0 16.4 16.4 38.5 86.4% YES 5.8 -0.5 0.5 2.7 0.0 18.0 9.0 27.0 0.0 0.0 0.0 20.0 20.0 47.0 86.4% YES 7.1 -0.7 0.7 3.3 0.0 0.82 0.0
2034 10.9 12.6 23.4 1.70 1.70 16.7 17.5 34.2 20.4 21.4 41.8 14.8 7.4 22.1 0.0 0.0 0.0 16.4 16.4 38.5 88.8% YES 5.4 -1.1 1.1 2.8 0.0 18.0 9.0 27.0 0.0 0.0 0.0 20.0 20.0 47.0 88.8% YES 6.6 -1.4 1.4 3.4 0.0 0.82 0.0
2035 11.1 13.0 24.1 1.70 1.70 17.0 18.2 35.2 20.8 22.2 42.9 14.8 7.4 22.1 0.0 0.0 0.0 16.4 16.4 38.5 91.4% YES 5.1 -1.8 1.8 2.8 0.0 18.0 9.0 27.0 0.0 0.0 0.0 20.0 20.0 47.0 91.4% YES 6.2 -2.2 2.2 3.4 0.0 0.82 0.0
2036 11.4 13.5 24.9 1.70 1.70 17.4 18.8 36.2 21.2 23.0 44.2 14.8 7.4 22.1 0.0 0.0 0.0 16.4 16.4 38.5 94.0% YES 4.8 -2.4 2.4 2.9 0.0 18.0 9.0 27.0 0.0 0.0 0.0 20.0 20.0 47.0 94.0% YES 5.8 -3.0 3.0 3.5 0.0 0.82 0.0
2037 11.6 14.0 25.6 1.70 1.70 17.7 19.5 37.2 21.6 23.8 45.4 14.8 7.4 22.1 0.0 0.0 0.0 16.4 16.4 38.5 96.7% YES 4.4 -3.1 3.1 2.9 0.2 Catawba to Yadkin 18.0 9.0 27.0 0.0 0.0 0.0 20.0 20.0 47.0 96.7% YES 5.4 -3.8 3.8 3.6 0.2 0.82 0.2 Catawba to Yadkin
2038 11.9 14.5 26.4 1.70 1.70 18.1 20.2 38.3 22.1 24.7 46.7 14.8 7.4 22.1 0.0 0.0 0.0 16.4 16.4 38.5 99.4% YES 4.0 -3.8 3.8 3.0 0.8 Catawba to Yadkin 18.0 9.0 27.0 0.0 0.0 0.0 20.0 20.0 47.0 99.4% YES 4.9 -4.7 4.7 3.6 1.0 0.82 0.8 Catawba to Yadkin
2039 12.1 15.0 27.2 1.70 1.70 18.5 20.9 39.4 22.5 25.5 48.1 14.8 14.8 29.5 0.0 0.0 0.0 16.4 16.4 45.9 85.8% YES 11.1 -4.5 4.5 3.0 1.5 Catawba to Yadkin 18.0 18.0 36.0 0.0 0.0 0.0 20.0 20.0 56.0 85.8% YES 13.5 -5.5 5.5 3.7 1.8 0.82 1.5 Catawba to Yadkin
2040 12.4 15.6 28.0 1.70 1.70 18.8 21.7 40.5 23.0 26.4 49.4 14.8 14.8 29.5 0.0 0.0 0.0 16.4 16.4 45.9 88.3% YES 10.7 -5.3 5.3 3.1 2.2 Catawba to Yadkin 18.0 18.0 36.0 0.0 0.0 0.0 20.0 20.0 56.0 88.3% YES 13.0 -6.4 6.4 3.8 2.7 0.82 2.2 Catawba to Yadkin
2041 12.7 16.0 28.7 1.70 1.70 19.2 22.3 41.6 23.5 27.2 50.7 14.8 14.8 29.5 0.0 0.0 0.0 16.4 16.4 45.9 90.5% YES 10.3 -5.9 5.9 3.2 2.8 Catawba to Yadkin 18.0 18.0 36.0 0.0 0.0 0.0 20.0 20.0 56.0 90.5% YES 12.5 -7.2 7.2 3.9 3.4 0.82 2.8 Catawba to Yadkin
2042 13.0 16.5 29.4 1.70 1.70 19.6 23.0 42.6 23.9 28.0 52.0 14.8 14.8 29.5 0.0 0.0 0.0 16.4 16.4 45.9 92.8% YES 9.9 -6.6 6.6 3.2 3.4 Catawba to Yadkin 18.0 18.0 36.0 0.0 0.0 0.0 20.0 20.0 56.0 92.8% YES 12.1 -8.0 8.0 3.9 4.1 0.82 3.4 Catawba to Yadkin
2043 13.2 17.0 30.2 1.70 1.70 20.0 23.7 43.7 24.4 28.8 53.3 14.8 14.8 29.5 0.0 0.0 0.0 16.4 16.4 45.9 95.1% YES 9.5 -7.3 7.3 3.3 4.0 Catawba to Yadkin 18.0 18.0 36.0 0.0 0.0 0.0 20.0 20.0 56.0 95.1% YES 11.6 -8.8 8.8 4.0 4.8 0.82 4.0 Catawba to Yadkin
2044 13.5 17.5 31.0 1.70 1.70 20.4 24.3 44.8 24.9 29.7 54.6 14.8 14.8 29.5 0.0 0.0 0.0 23.0 23.0 52.5 85.3% YES 9.1 -1.4 1.4 3.3 0.0 18.0 18.0 36.0 0.0 0.0 0.0 28.0 28.0 64.0 85.3% YES 11.1 -1.7 1.7 4.1 0.0 0.82 0.0
2045 13.8 18.0 31.8 1.70 1.70 20.9 25.1 45.9 25.4 30.6 56.0 14.8 14.8 29.5 0.0 0.0 0.0 23.0 23.0 52.5 87.5% YES 8.7 -2.1 2.1 3.4 0.0 18.0 18.0 36.0 0.0 0.0 0.0 28.0 28.0 64.0 87.5% YES 10.6 -2.6 2.6 4.1 0.0 0.82 0.0
2046 14.1 18.5 32.6 1.70 1.70 21.3 25.8 47.1 25.9 31.5 57.4 14.8 14.8 29.5 0.0 0.0 0.0 23.0 23.0 52.5 89.7% YES 8.2 -2.8 2.8 3.5 0.0 18.0 18.0 36.0 0.0 0.0 0.0 28.0 28.0 64.0 89.7% YES 10.1 -3.5 3.5 4.2 0.0 0.82 0.0
2047 14.5 19.0 33.5 1.70 1.70 21.7 26.5 48.3 26.5 32.4 58.8 14.8 14.8 29.5 0.0 0.0 0.0 23.0 23.0 52.5 91.9% YES 7.8 -3.6 3.6 3.5 0.1 Catawba to Yadkin 18.0 18.0 36.0 0.0 0.0 0.0 28.0 28.0 64.0 91.9% YES 9.5 -4.4 4.4 4.3 0.1 0.82 0.1 Catawba to Yadkin
2048 14.8 19.6 34.4 1.70 1.70 22.2 27.3 49.5 27.0 33.3 60.3 14.8 14.8 29.5 0.0 0.0 0.0 23.0 23.0 52.5 94.3% YES 7.4 -4.4 4.4 3.6 0.8 Catawba to Yadkin 18.0 18.0 36.0 0.0 0.0 0.0 28.0 28.0 64.0 94.3% YES 9.0 -5.3 5.3 4.4 1.0 0.82 0.8 Catawba to Yadkin
2049 15.1 20.2 35.3 1.70 1.70 22.6 28.1 50.7 27.6 34.3 61.8 14.8 14.8 29.5 0.0 0.0 0.0 23.0 23.0 52.5 96.6% YES 6.9 -5.2 5.2 3.6 1.5 Catawba to Yadkin 18.0 18.0 36.0 0.0 0.0 0.0 28.0 28.0 64.0 96.6% YES 8.4 -6.3 6.3 4.4 1.9 0.82 1.5 Catawba to Yadkin
2050 15.4 20.8 36.2 1.70 1.70 23.1 28.9 52.0 28.1 35.3 63.4 14.8 14.8 29.5 0.0 0.0 0.0 23.0 23.0 52.5 99.1% YES 6.5 -6.0 6.0 3.7 2.3 Catawba to Yadkin 18.0 18.0 36.0 0.0 0.0 0.0 28.0 28.0 64.0 99.1% YES 7.9 -7.3 7.3 4.5 2.8 0.82 2.3 Catawba to Yadkin

2013-2050 AGR 2.43% 3.64% 3.06% 2.62% 3.64% 3.14% 2.62% 3.64% 3.14%
2030-2050 AGR 2.23% 3.27% 2.80% 2.04% 3.27% 2.69% 2.04% 3.27% 2.69%
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Union County

YRWSP
Union County Master Plan Projections

TABLE 2‐1 DIFFERENTIAL TOTAL POPULATION GROWTH BY AREA

AREA 1 AREA 2 AREA 3 AREA 4 AREA 5 TOTAL

2010 36,116 10,236 4,069 76,590 27,652 154,663

Distribution Per Area (%) 20 12 15 43 10 100

2015 40,564 12,479 7,356 86,880 29,450 176,729

Distribution Per Area (%) 25 20 15 30 10 100

2020 47,008 17,192 11,032 94,878 31,630 201,740

Distribution Per Area (%) 30 25 10 25 10 100

2030 66,008 32,093 16,561 110,759 37,024 262,445

Note: Excludes Marshville, Wingate and City of Monroe population.

B-13



Union County

YRWSP
Union County Master Plan Projections
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Union County Master Plan - WATER SERVICE 
Served Population by Type and Area 

Area 1 Water Area 2 Water Area 3 Water Area 4 Water Area 5 Water Total Water

B-15



Union County

YRWSP
Union County Master Plan Projections

TABLE 2‐2 SERVED POPULATION COUNT BY TYPE & AREA

SERVICE TYPE 2010 2015 2020 2030

Water 30,222 33,856 39,010 54,114

Wastewater 16,999 20,226 29,757 36,126

Water 4,053 5,622 9,782 23,703

Wastewater 1,813 2,909 5,148 7,148

Water 763 2,407 4,613 7,932

Wastewater 53 53 53 53

Water 63,104 73,832 81,829 97,710

Wastewater 53,618 63,946 71,364 87,242

Water 8,760 10,199 11,943 16,258

Wastewater 2,010 2,936 2,936 2,936

Water 106,902 125,916 147,177 199,717

Wastewater 74,493 90,070 109,258 133,505

Note: Excludes Marshville and Wingate wholesale wastewater population

Total

Area 1

Area 2

Area 3

Area 4

Area 5
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Union County Master Plan - WASTEWATER SERVICE 
Served Population by Type and Area 

Area 1 Wastewater Area 2 Wastewater Area 3 Wastewater Area 4 Wastewater Area 5 Wastewater Total Wastewater
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Union County

YRWSP
Union County Master Plan Projections

TABLE 2‐3 WATER DEMAND PROJECTIONS

YEAR

PRESSURE AVG DAY MAX DAY AVG DAY MAX DAY AVG DAY MAX DAY AVG DAY MAX DAY

821 0.46 0.88 1.51 2.86 2.06 3.92 3.31 6.22

853 South 0.62 1.18 0.75 1.42 1.03 1.96 1.42 2.69

853 West 6.5 12.26 4.34 8.24 4.91 9.33 6.29 11.96

853 East 1.38 2.34 1.52 2.9 1.64 3.11 3.18 6.05

935 0.37 0.78 0.46 0.88 0.99 1.87 1.08 2.06

762 1.22 1.74 1.56 2.96 2.1 3.99 3.66 6.96

880 2.85 5.41 2.99 5.69 3.35 6.37

Total 10.55 19.18 12.98 24.66 15.73 29.87 22.3 42.3

BASE 2015 2020 2030
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Union County Master Plan Water Demand Projections by Pressure Zones 
(AVG DAILY) 
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Union County Master Plan Water Demand Projections by Pressure Zones 
(MAX DAILY) 

821 853 South 853 West 853 East 935 762 880 Total
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Union County

YRWSP
Union County Master Plan Projections

TABLE 2‐4 WASTEWATER FLOW PROJECTIONS

YEAR BASE 2015 2020 2030

BASIN

Crooked Creek 1.4 1.5 2.3 2.7

Six Mile (McAlpine WWTP) 1.1 1.4 1.7 1.8

Twelve Mile 3.6 4.6 5.4 7

Poplin Rd 1.2 1.4 2.4 3.2

Twelve Mile Total 4.8 6 7.9 10.2

Eastside 1.4 1.8 2.3 2.9

Lake Lee 0 0 0.1 0.7

Lake Twitty 0 0.3 0.6 1.4

Richardson Creek 0 0 0 0.3

Monroe Basin Total 1.4 2.1 3.1 5.3

Total 8.7 11.1 14.9 20

MAXIMUM MONTH FLOW (MGD)
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Union County Master Plan Wastewater Flow Projections by WW Basin  (MAX 
MONTH DAILY AVG) 

Crooked Creek Six Mile (McAlpine WWTP) Twelve Mile Poplin Rd

Twelve Mile Total Eastside Lake Lee Lake Twitty

Richardson Creek Monroe Basin Total Total
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APPENDIX B.3 

Union County Historical 
Population Evaluation 
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Union County Historical Population (1970-2010) 

Trend=3.3% growth 
(1970-2010) 
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Union County Historical Population (1970-2010) 

1970-1990 1990-2000 2000-2010 Linear (1970-1990) Linear (1990-2000) Linear (2000-2010)

Trend=2.2% growth 
(1970-1990) 

Trend=3.9% growth 
(1990-2000) 

Trend =5.0% growth 
(2000-2010) 
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Union County Historical Population (2000-2011) 

Trend =4.7% growth 
(2000-2011) 
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y = 18.372x - 546607 
y = 28.801x - 943501 

y = 12.021x - 281493 
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Union County Historical Population (2000-2011) 

2000-2004 2004-2008 2008-2011 Linear (2000-2004) Linear (2004-2008) Linear (2008-2011)

Trend=2.2% growth 
(2008-2011) 

Trend=6.2% growth 
(2004-2008) 

Trend=5.1% growth 
(2000-2004) 
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APPENDIX B.4 

Union County Per Capita 
Water Use Evaluation 
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Union County

YRWSP Per Capita Use Evaluation

Per Capita Use 

(Total Supply, 

gpcd) AVERAGE

Per Capita Use 

(Total 

Consumptive 

Use, gpcd) AVERAGE

FY 2006‐2007 128                  117                 

FY 2007‐2008 119                  106                 

FY 2008‐2009 101                  90                   

FY 2009‐2010 109                  97                   

FY2010‐2011 113                  101                 

FY2011‐2012 109                  96                   

2006 129                 

2007 131                  119                 

2008 104                  93                   

2009 106                  94                   

2010 113                  102                 

2011 108                  95                   

2012 104                  93                   

101            

99              

UNION COUNTY PER CAPITA USE AVERAGES

113            

114            

Notes:  
1) Values do not reflect an approximate additional 5 gpcd of system wide water demand used for WTP process purposes at the 
County's jointly owned and operated Catawba River Water Treatment Plant in Lancaster County, SC. 
2) Selected per capita use rate (120 gpcd) for YRWSP projection purposes is representative of the average per capita use for total 
supply, plus approximately 5 gpcd assumed process water demand for the WTP.
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Union County Total Water Supplied (2006-2012) 

Note: Linear trend of Union County total water supplied to customers indicates a very slight increasing trend 
from 2006-2012.
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Union County Per Capita Water Use (2006-2012)  

Per Capita Daily Use (gallons) Linear (Per Capita Daily Use (gallons))

Note: Linear trend of Union County per capita water use indicates a decreasing trend from 2006-2012, 
largely in part to higher per capita use during the last Drought of Record, 2006-2008.
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Union County Total Water Supplied (Post 2007 (2008-2012)) 

Note: Linear trend of Union County total water supplied to customers from 2008-2012, following the 
extreme drought year of 2007, indicates an increasing trend.

B-34



 -

 20

 40

 60

 80

 100

 120

 140

 160

Ja
n

-0
8

Fe
b

-0
8

M
ar

-0
8

A
p

r-
0

8

M
ay

-0
8

Ju
n

-0
8

Ju
l-

0
8

A
u

g-
0

8

Se
p

-0
8

O
ct

-0
8

N
o

v-
0

8

D
e

c-
0

8

Ja
n

-0
9

Fe
b

-0
9

M
ar

-0
9

A
p

r-
0

9

M
ay

-0
9

Ju
n

-0
9

Ju
l-

0
9

A
u

g-
0

9

Se
p

-0
9

O
ct

-0
9

N
o

v-
0

9

D
e

c-
0

9

Ja
n

-1
0

Fe
b

-1
0

M
ar

-1
0

A
p

r-
1

0

M
ay

-1
0

Ju
n

-1
0

Ju
l-

1
0

A
u

g-
1

0

Se
p

-1
0

O
ct

-1
0

N
o

v-
1

0

D
e

c-
1

0

Ja
n

-1
1

Fe
b

-1
1

M
ar

-1
1

A
p

r-
1

1

M
ay

-1
1

Ju
n

-1
1

Ju
l-

1
1

A
u

g-
1

1

Se
p

-1
1

O
ct

-1
1

N
o

v-
1

1

D
e

c-
1

1

Ja
n

-1
2

Fe
b

-1
2

M
ar

-1
2

A
p

r-
1

2

M
ay

-1
2

Ju
n

-1
2

G
al

lo
n

s 
p

e
r 

ca
p

it
a 

p
e

r 
d

ay
 

Union County Per Capita Water Use (Post 2007 (2008-2012))  

Per Capita Daily Use (gallons) Linear (Per Capita Daily Use (gallons))

Note: Linear trend of Union County per capita water use indicates a slight increasing trend from 2008-2012, 
following the extreme drought year of 2007.
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Union County

YRWSP Per Capita Use Evaluation

Year

Total Use 

(mgd)

Estimated 

Population

Per capita daily 

use (gallons)

2007 12.24 93,159 121

2008 10.07 97,056 114

2009 10.48 99,082 115

2010 11.42 100,909 104

2011 11.06 102,574 98

2012 11.28 104,077 118

AVERAGE 112

NC Local Water Supply Plan Per Capita Use (Union County)
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Union County Local Water Supply Plan
Average Annual Per Capita Water Use (2006‐2012) 

Per capita daily use (gallons) Linear (Per capita daily use (gallons))

Notes:  
1) Values do not reflect an 
approximate additional 5 gpcd 
of system wide water demand 
used for WTP process purposes 
at the County's jointly owned 
and operated Catawba River 
Water Treatment Plant in 
Lancaster County, SC. 
2) The linear trend tends to 
indicate per capita use rates are 
decreasing slightly since the last 
Drought of Record during 
2007-2008.
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Union County Public Works Historical Records ‐ Per Capita Use Calculation

LWSP Year Residential Commercial Industrial Institutional Wholesale Residential Commercial Industrial Institutional Wholesale Est. Population

Residential 

Use Only

Consumptive 

Use Only Total Use

2007 35,705 1,656 44 238 1 8.23 1.39 0.68 0.29 0.36 1.25 12.2 93,154 88.3 117.5 131.0

2008 38,031 2,089 61 395 2 6.74 0.97 0.67 0.23 0.28 1.21 10.1 97,056 69.4 91.6 104.1

2009 38,124 2,078 63 396 2 7.02 0.98 0.63 0.26 0.27 1.37 10.53 99,786 70.4 91.8 105.5

2010 39,688 2,192 63 409 2 7.73 1.11 0.72 0.3 0.3 1.31 11.47 100,909 76.6 100.7 113.7

2011 40,097 2,171 66 394 1 7.32 1.03 0.7 0.3 0.29 1.42 11.07 102,574 71.4 94.0 107.9

2012 40,434 2,194 66 397 1 7.39 1.09 0.71 0.3 0.31 1.47 11.32 104,077 71.0 94.2 108.8

AVERAGE 74.5 98.3 111.8

Year

NRW % of 

Total Use

2007 10.2%

2008 12.0%

2009 13.0%

2010 11.4%

2011 12.9%

2012 13.4%

AVERAGE 12.2%

Non‐Revenue Water 

(NRW) Calculation

Non‐Revenue 

Water

Metered Connections

Average Use Use (MGD)

Per Capita Use (gpcd)Metered/Billed Water (Consumption)

Total

0.0

20.0

40.0

60.0

80.0

100.0

120.0

140.0

2007 2008 2009 2010 2011 2012

P
er
 C
ap

it
a 
U
se
 (
gp
cd
)

Union County Per Capita Use (per UCPW Data)

Residential Use Only

Consumptive Use Only

Total Use

2007 = Drought Year

2010 = Dry Year

Notes:  
1) Values do not reflect an 
approximate additional 5 gpcd of 
system wide water demand used 
for WTP process purposes at the 
County's jointly owned and 
operated Catawba River Water 
Treatment Plant in Lancaster 
County, SC. 
2) Selected per capita use rate for 
YRWSP projection purposes is 
based upon typical dry (non-
extreme drought) year demand, 
as representative of Year 2010 
(approx 115 gpcd), plus 5 gpcd 
assumed process water demand 
for WTP, for a total per capita 
demand rate of 120 gpcd.
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Use Category High Low Average High Low Average High Low Average High Low Average

Residential Only 75 65 70 80 70 75 90 85 87.5 65 60 62.5

Billed Water Use 95 85 90 105 95 100 120 115 117.5 85 80 82.5

Total System Use 105 95 100 115 105 110 130 120 125 100 95 97.5

Average Year Dry Year Drought Year Wet Year

Union County Per Capita Water Demands (gpcd)

65

70

85

60

70

75

87.5

62.5

75

80

90

65

85

95

115

80

90

100

117.5

82.5

95

105

120

85

95

105

120

95

100

110

125

97.5

105

115

130

100

0

20

40

60

80

100

120

140

Average Year Dry Year Drought Year Wet Year

P
e
r 
C
ap

it
a 
W
at
e
r 
U
se
 (
gp
cd
)

UCPW Per Capita Water Use Evaluation

Residential Use Only ‐ Low Residential Use Only ‐ Average Residential Use Only ‐ High Billed Water Use ‐ Low Billed Water Use ‐ Average

Billed Water Use ‐ High Total System Use ‐ Low Total System Use ‐ Average Total System Use ‐ High
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UCPW Per Capita Water Use Evaluation - Total System Use 
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UCPW Per Capita Water Use Evaluation - Residential Use Only 
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UCPW Per Capita Water Use - Total System Use 
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UCPW Per Capita Water Use - Billed Water 
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UCPW Per Capita Water Use - Residential  Use Only 
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Union County

YRWSP
Water Supply Peaking Factor Evaluation

Total Avg Max
Day Max to Avg Total Avg

Max

Day Max to Avg Total Avg

Max

Day

Max:

Avg

(MG) (MGD) (MGD) (Ratio) (MG) (MGD) (MGD) (Ratio) (MG) (MGD) (MGD) (Ratio)

2006 3,775.69  91.3% 10.34       18.36       1.77         357.73     8.7% 0.98         1.19         1.21         4,133.42  11.32       18.36       1.62         

2007 4,075.97  91.5% 11.17       21.33       1.91         378.36     8.5% 1.04         1.28         1.23         4,454.33  12.20       21.33       1.75         

2008 3,340.13  90.6% 9.15         19.81       2.17         345.60     9.4% 0.95         1.17         1.23         3,685.74  10.10       20.75       2.05         

2009 3,502.83  91.2% 9.60         16.01       1.67         339.33     8.8% 0.93         1.20         1.30         3,842.16  10.53       17.21       1.63         

2010 3,782.03  90.4% 10.36       18.48       1.78         403.23     9.6% 1.10         1.69         1.53         4,185.26  11.47       19.50       1.70         

2011 3,327.66  82.3% 9.12         15.37       1.69         713.61     17.7% 1.96         3.69         1.89         4,041.26  11.07       16.98       1.53         

2012 3,401.87  82.3% 9.32         15.03       1.61         729.69     17.7% 2.00         4.64         2.32         4,131.56  11.32       17.02       1.50         

2013 3,238.43  81.0% 8.87         - - 762.06     19.0% 2.09         - - 4,000.49  10.96       - -

Note: 2013 Prorated for 12 months based on 5 months data to-date, as compared to first five months of 2012.

% of

Total

Supply

% of

Total

Supply

UNION COUNTY PUBLIC WORKS - CALENDAR YEAR WATER SUPPLY TOTALS

DATE

CRWTP Water Anson Water Total Water Supply
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Union County

YRWSP
Water Supply Peaking Factor Evaluation

Peaking Factor Evaluation (average peaking factors)

2006‐2012

CRWTP 1.8

Anson 1.53

Total 1.69

20010‐2012 (last 3 years)

CRWTP 1.69

Anson 1.91

Total 1.58

2007‐2009 (drought)

CRWTP 1.88

Anson 1.24

Total 1.76

Note: Average Non‐Revenue Water = 12.3% (2007‐2013)
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Union County Water Supply Peaking Factors ‐ Calendar Year

CRWTP Peaking Factor Anson Peaking Factor Total Peaking Factor

SUMMARY: 
Peaking Factor of 1.7 selected for 
YRWSP projections is consistent with 
historical data reflected above for 
system-wide Max Day / Annual Avg. 
Day peaking.

B-48



y = -0.2247x + 10.752 

y = 0.1877x + 0.5353 

y = -0.037x + 11.288 

 -

 2

 4

 6

 8

 10

 12

 14

2006 2007 2008 2009 2010 2011 2012 2013

A
ve

ra
ge

 D
ay

 W
at

e
r 

Su
p

p
lie

d
 (

m
gd

) 

Calendar Year 

Union County Calendar Year Water Supply Totals 

CRWTP Water Anson Water Total Water Supply Linear (CRWTP Water) Linear (Anson Water) Linear (Total Water Supply)
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Union County Calendar Year Water Supply Totals 

CRWTP Water Anson Water Total Water Supply Linear (CRWTP Water) Linear (Anson Water) Linear (Total Water Supply)
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Union County Calendar Year Water Supply Totals (Post 2007) 

CRWTP Water Anson Water Total Water Supply Linear (CRWTP Water) Linear (Anson Water) Linear (Total Water Supply)
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Union County Calendar Year Water Supply Totals (Post 2007) 

CRWTP Water Anson Water Total Water Supply Linear (CRWTP Water) Linear (Anson Water) Linear (Total Water Supply)
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Peaking Factor Comparisons for Other Regional Utilities
Data from NC Local Water Supply Plans

Avg Day 

(mgd)

Max Day 

(mgd)

Peaking 

Factor

Avg Day 

(mgd)

Max Day 

(mgd)

Peaking 

Factor

Avg Day 

(mgd)

Max Day 

(mgd)

Peaking 

Factor

Avg Day 

(mgd)

Max Day 

(mgd)

Peaking 

Factor

Avg Day 

(mgd)

Max Day 

(mgd)

Peaking 

Factor

Avg Day 

(mgd)

Max Day 

(mgd)

Peaking 

Factor

Avg Day 

(mgd)

Max Day 

(mgd)

Peaking 

Factor

Avg Day 

(mgd)

Max Day 

(mgd)

Peaking 

Factor

Avg Day 

(mgd)

Max Day 

(mgd)

Peaking 

Factor

Avg Day 

(mgd)

Max Day 

(mgd)

Peaking 

Factor

2007 12.21 23.29 1.91 5.97 9.57 1.60 6.23 9.78 1.57 114.52 169.23 1.48 17.36 20.23 1.17 41.12 63.7 1.55 13.52 19.72 1.46 12.52 19.03 1.52 7.7 12.1 1.57

2008 10.05 21.23 2.11 5.64 9.02 1.60 98.86 163.15 1.65 38.75 54.1 1.40 7.4 11.1 1.50 2.43 3.93 1.62

2009 10.47 17.4 1.66 5.73 10.47 1.83 5.67 8.06 1.42 103.7 189.64 1.83 16.82 25.6 1.52 37.4 66.5 1.78 12.12 15.85 1.31 10.47 14.17 1.35 7.8 11.6 1.49 2.56 3.78 1.48

2010 11.41 20.06 1.76 6.49 10.05 1.55 6.04 9.1 1.51 121.35 156.6 1.29 38.7 72 1.86 10.51 14.06 1.34 8.2 11.4 1.39 2.72 3.85 1.42

2011 11.05 17.84 1.61 6.28 10.04 1.60 6.2 9.1 1.47 102.2 143.5 1.40 17.33 27.7 1.60 38.4 74.7 1.95 14.43 19.64 1.36 10.43 13.5 1.29 8.4 12.1 1.44 2.65 4.57 1.72

2012 11.28 17.02 1.51 5.66 7.79 1.38 5.89 8.52 1.45 101.25 145.44 1.44 17.98 27.7 1.54 37.8 64.6 1.71 11.49 15.855 1.38 10.65 13.87 1.30 8.7 12.2 1.40 2.55 3.89 1.53

AVERAGE 11.08 19.47 1.76 5.96 9.49 1.59 6.01 8.91 1.48 106.98 161.26 1.51 17.37 25.31 1.46 38.70 65.93 1.71 12.89 17.77 1.38 10.92 14.93 1.36 8.03 11.75 1.47 2.58 4.00 1.55

Year

ConcordMonroe Hickory Salisbury Lincoln CountyUnion County CMUD Winston‐SalemAnson County Gastonia
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Water Supply Utility Peaking Factors (2007‐2012)
NC Local Water Supply Plans

Union County

Anson County

Monroe

CMUD

Gastonia

Winston‐Salem

Hickory

Concord

Salisbury

Lincoln County

Average Peaking Factor = 1.53
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Jan-09 2.62 3.49 - 2007 17.22 23.29 1.35

Feb-09 2.50 3.06 - 2008 13.47 21.23 1.58

Mar-09 2.33 2.93 - 2009 12.52 15.44 1.23

Apr-09 2.71 4.64 - 2010 13.63 18.23 1.34

May-09 2.98 3.73 - 2011 14.02 17.84 1.27

Jun-09 3.41 4.97 - 2012 13.49 16.29 1.21

Jul-09 3.45 4.48 - AVG 14.06 18.72 1.33

Aug-09 3.49 4.28 1.22 1.21

Sep-09 3.30 4.15 -

Oct-09 3.04 4.42 -

Nov-09 2.38 3.24 -

Dec-09 2.34 2.84 -

Jan-10 2.74 3.21 - 2007 17.22 12.21 1.41

Feb-10 2.42 2.87 - 2008 13.47 10.06 1.34

Mar-10 2.60 3.26 - 2009 12.52 10.5 1.19

Apr-10 3.13 4.56 - 2010 13.63 11.41 1.19

May-10 3.09 4.44 - 2011 14.02 11.05 1.27

Jun-10 3.28 5.73 - 2012 13.49 11.28 1.20

Jul-10 4.02 5.19 - AVG 14.06 11.09 1.27

Aug-10 4.16 5.32 1.27 1.33

Sep-10 3.49 4.53 -

Oct-10 3.19 4.22 -

Nov-10 2.70 3.48 -

Dec-10 2.54 3.11 -

Jan-11 1.41 1.72 -

Feb-11 0.80 1.35 -

Mar-11 1.75 2.19 -

Apr-11 1.39 1.87 -

May-11 1.76 2.95 -

Jun-11 2.18 2.91 -

Jul-11 2.86 3.60 1.25 1.47

Aug-11 2.59 3.39 -

Sep-11 2.36 3.17 -

Oct-11 2.22 3.06 -

Nov-11 2.10 2.81 -

Dec-11 1.80 2.21 -

Jan-12 2.09 2.78 -

Feb-12 2.03 2.82 -

Mar-12 2.09 2.63 -

Apr-12 2.38 3.57 -

May-12 2.43 3.49 -

Jun-12 2.74 3.63 1.32 1.20

Jul-12 2.65 3.93 -

Aug-12 2.32 3.25 -

Sep-12 2.05 2.86 -

Oct-12 2.21 2.77 -

Nov-12 2.35 3.12 -

Dec-12 1.91 2.40 -

IBT Max Month 

AVG (mgd)

IBT Max Day 

AVG (mgd)

IBT Max Month Max Day 

/ Max Month Avg Day 

(Avg Ratio)

IBT Max Month Avg Day 

/ Avg Day (Avg Ratio)

Catawba to Yadkin IBT Comparison ‐ Max Day/Avg Day

Max Month Max Day / 

Max Month Avg Day

1.26

Union County YRWSP ‐ Determination of Max Day / Max Month Avg Day Peaking Factor

Total Water Comparison ‐ Max Day/Max Month Avg Day

NC LWSP Data

Max Month (AVG 

Day, mgd)
MAX Day (mgd)

Max Day / Max Month 

Avg Day
Year

Total Water Comparison ‐ Max Month Avg Day / Annual Avg Day
NC LWSP Data

Year
Max Month AVG 

Day (mgd)

Annual Avg Day 

(mgd)

Max Month Avg Day / 

Avg Annual Day

3.31 4.56

UC Provided IBT Data

Month
Total IBT (AVG 

Day, mgd)

Total IBT (MAX 

Day), mgd

 Max Month Avg Day / 

Annual Avg Day

1.30

SUMMARY:

Max Day / Max Month Avg Day peaking factor has been determined based on 
an analysis of Union County's historical data for the Catawba to Yadkin IBT, as 
well as total system water use as stated in  NC Local Water Supply Plans.

For purposes of determining the Yadkin River Water Supply Project Max Day 
to Max Month Avg Day conversion, it is more reasonable to evaluate the 
Catawba‐Yadkin IBT, which is representative of water being used in the 
County's Yadkin River Basin Service Area, and is what would be expected for 
the YRWSP.

As such, the 1.22 value derived from 2009 IBT data is used for purposes of the 
YRWSP projection conversion of Max Day demands to Max Month Avg Day 
demands, as this value is most representative of a hotter, drier year, and 
therefore, the necessary basis for the YRWSP projections.

USE
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UNION COUNTY COMPRESHENSIVE WATER AND WW MASTER PLAN PROJECTIONS

Treatment Destination

Base Year 

(2010) 2015 2020 2030 2040 2050

Crooked Creek WRF (Yadkin) 1.4 1.5 2.3 2.7

Crooked Creek (Returned to Yadkin) 1.4 1.5 1.9 1.9

Six Mile (McAlpine WWTP, Catawba) 1.1 1.4 1.7 1.8

Twelve Mile Basin (Catawba) 3.6 4.6 5.4 7

Poplin PS Pump-over (Yadkin to Catawba) 1.2 1.4 2.4 3.2

Crooked Creek (scalping to Catawba) 0 0 0.4 0.8

Twelve Mile WRF Total (Catawba) 4.8 6 8.2 11

Lake Twitty Basin (Yadkin) 0 0.3 0.6 1.4

Eastside Basins (Yadkin) 1.4 1.8 2.3 2.9

Lake Lee Basin (Yadkin) 0 0 0.1 0.7

Richardson Creek Basin (Yadkin) 0 0 0 0.3

Monroe WWTP Total (Yadkin) 1.4 2.1 3.1 5.3

Union County Total 8.7 11.1 14.9 20

Max Month Sewer Flow (mgd)
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YRWSP WASTEWATER PROJECTIONS

Treatment Destination

Base Year 

(2010) 2015 2020 2030 2040 2050

Base Year 

(2010) 2015 2020 2030 2040 2050

Base Year 

(2010) 2015 2020 2030 2040 2050

Base Year 

(2010) 2015 2020 2030 2040 2050

Crooked Creek WRF (Yadkin)
1

1.3 1.4 2.1 2.5 3.5 4.8 2.3 2.5 3.8 4.4 6.1 8.5 1.0 1.1 1.6 1.9 2.7 3.7 0.9 0.9 1.4 1.7 2.3 3.2

Crooked Creek (Returned to Yadkin) 1.3 1.4 1.9 1.9 1.9 1.9 2.3 2.5 3.4 3.4 3.4 3.4 1.0 1.1 1.5 1.5 1.5 1.5 0.9 0.9 1.3 1.3 1.3 1.3

Six Mile (McAlpine WWTP, Catawba) 1.0 1.3 1.6 1.7 2.1 2.6 1.8 2.3 2.8 3.0 3.7 4.6 0.8 1.0 1.2 1.3 1.6 2.0 0.7 0.9 1.1 1.1 1.4 1.7

Twelve Mile Basin (Catawba) 3.3 4.3 5.0 6.5 8.1 10.1 5.9 7.6 8.9 11.5 14.4 17.9 2.6 3.3 3.9 5.0 6.2 7.8 2.2 2.9 3.4 4.4 5.4 6.8

Poplin PS Pump-over (Yadkin to Catawba) 1.1 1.3 2.2 3.0 4.1 5.7 2.0 2.3 3.9 5.3 7.3 10.0 0.9 1.0 1.7 2.3 3.2 4.4 0.7 0.9 1.5 2.0 2.7 3.8

Crooked Creek (scalping to Catawba)1
0.0 0.0 0.2 0.6 1.6 2.9 0.0 0.0 0.4 1.1 2.8 5.1 0.0 0.0 0.2 0.5 1.2 2.2 0.0 0.0 0.2 0.4 1.0 1.9

Lake Lee Basin (Yadkin)3
0.0 0.0 0.0 0.3 0.4 0.6 0.0 0.0 0.1 0.6 0.8 1.1 0.0 0.0 0.0 0.3 0.3 0.5 0.0 0.0 0.0 0.2 0.3 0.4

Richardson Creek Basin (Yadkin)3
0.0 0.0 0.0 0.1 0.2 0.3 0.0 0.0 0.0 0.2 0.3 0.5 0.0 0.0 0.0 0.1 0.1 0.2 0.0 0.0 0.0 0.1 0.1 0.2

Twelve Mile WRF Total (Catawba)2
4.5 5.6 7.5 10.6 14.4 19.5 7.9 9.9 13.3 18.7 25.5 34.6 3.4 4.3 5.8 8.1 11.1 15.0 3.0 3.7 5.0 7.1 9.7 13.1

Lake Twitty Basin (Yadkin) 0.0 0.3 0.6 1.3 1.8 2.5 0.0 0.5 1.0 2.3 3.2 4.4 0.0 0.2 0.4 1.0 1.4 1.9 0.0 0.2 0.4 0.9 1.2 1.7

Eastside Basins (Yadkin) 1.3 1.7 2.1 2.7 3.7 5.1 2.3 3.0 3.8 4.8 6.6 9.1 1.0 1.3 1.6 2.1 2.9 3.9 0.9 1.1 1.4 1.8 2.5 3.4

Lake Lee Basin (Yadkin)3
0.0 0.0 0.0 0.3 0.4 0.6 0.0 0.0 0.1 0.6 0.8 1.1 0.0 0.0 0.0 0.3 0.3 0.5 0.0 0.0 0.0 0.2 0.3 0.4

Richardson Creek Basin (Yadkin)3
0.0 0.0 0.0 0.1 0.2 0.3 0.0 0.0 0.0 0.2 0.3 0.5 0.0 0.0 0.0 0.1 0.1 0.2 0.0 0.0 0.0 0.1 0.1 0.2

Monroe WWTP Total (Yadkin)4
1.3 2.0 2.7 4.5 6.2 8.5 2.3 3.5 4.9 7.9 10.9 15.0 1.0 1.5 2.1 3.4 4.7 6.5 0.9 1.3 1.8 3.0 4.1 5.7

Monroe WWTP - Current Capacity5
1.3 2.0 2.7 2.7 2.7 2.7 2.3 3.5 4.7 4.7 4.7 4.7 1.0 1.5 2.0 2.0 2.0 2.0 0.9 1.3 1.8 1.8 1.8 1.8

Monroe WWTP - Additional Capacity6
0.0 0.0 0.1 1.8 3.5 5.8 0.0 0.0 0.2 3.2 6.2 10.3 0.0 0.0 0.1 1.4 2.7 4.5 0.0 0.0 0.1 1.2 2.3 3.9

Union County Total 8.1 10.2 13.8 18.6 24.6 32.5 14.3 18.1 24.4 32.9 43.5 57.6 6.2 7.9 10.6 14.3 18.9 25.0 5.4 6.8 9.2 12.4 16.4 21.8

PROJECTION FACTORS

HDR 2030 Avg Day Water Demand Projections / B&V Master Plan 0.93

2030-2050 AGR (Yadkin) 3.27% (As based on HDR avg day water demand projections)

2030-2050 AGR (Catawba) 2.23% (As based on HDR avg day water demand projections)

Max Month / Avg Day Ratio7
1.3

Max Day / Avg Day Ratio8
2.3

Min Month / Avg Day Ratio9
0.87

PROJECTION NOTES
1 Crooked Creek WRF capacity assumed to remain at 1.9 mgd; all additional flow assumed scalped for transfer to Catawba Basin and treated at the Twelve Mile WRF
2 Twelve Mile WRF projections include Twelve Mile Basin flows, pump-over from Poplin Rd Pump Station (including Crooked Creek WRF scalping flows) and portion of Lake Lee and Richardson Creek Basin flows
3 Half of projected Lake Lee and Richardson Creek Basin flows projected to be pumped to Twelve Mile WRF and half projected to be treated at the Monroe-WWTP
4 Union County - Monroe projections include Union County serviced areas, but do not include Monroe's service area
5 Union County's capacity at Monroe's WWTP is 2.65 mgd; all additional flow in this basin will need to be treated through additional leased capacity and may require plant expansion
6 Additional leased capacity or expansion of Monroe WWTP needed to meet Union County wastewater production in this basin
7 Annual average daily flow peaking factor to max month average day, as based on Union County Master Plan
8 Annual average daily flow peaking factor to max day, as based on historical NC Local Water Supply Plan wastewater data for Union County's Crooke Creek and Twelve Mile WRFs (2002 and 2007 to 2012)
9 Annual average daily flow conversion factor to min month (dry weather wastewater flows), as based on NC LWSPs for total Union County wastewater flow (2002 and 2007 to 2012)

Max Day Sewer Flow (mgd) Annual Avg Day Sewer Flow (mgd)Max Month Sewer Flow (mgd) Min Month Sewer Flow (mgd)
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Crooked Creek WRF 

UNION COUNTY COMPRESHENSIVE WATER AND WW MASTER PLAN PROJECTIONS

YRWSP WASTEWATER PROJECTIONS

Note: This chart includes only Union County's wastewater services areas treated at the 
Crooked Creek WRF (does not include wastewater flow scalped and transferred to the 
Poplin Rd Pump Station.
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Twelve Mile WRF 

UNION COUNTY COMPRESHENSIVE WATER AND WW MASTER PLAN PROJECTIONS

YRWSP WASTEWATER PROJECTIONS

Note: This chart includes Union County's wastewater services areas 
currently or projected to be treated at the Twelve Mile WRF.
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Six Mile Basin (Flow to CMUD McAlpine WWMF) 

UNION COUNTY COMPRESHENSIVE WATER AND WW MASTER PLAN PROJECTIONS

YRWSP WASTEWATER PROJECTIONS

Note: This chart includes only Union County's wastewater services 
areas within the Six Mile Creek Sub-Basin transferred to CMUD's 
McAlpine Creek WWMF for treatment.
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Union County - Monroe Wastewater Projections 

UNION COUNTY COMPRESHENSIVE WATER AND WW MASTER PLAN PROJECTIONS

YRWSP WASTEWATER PROJECTIONS

Note: This chart includes only Union County's wastewater 
services areas  treated at the Monroe WWTP.
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YADKIN SERVICE AREA WATER SUPPLY
WATER UTILIZED IN THE YADKIN BASIN

YEAR Max. Day (mgd) Max Month (mgd) Avg. Day (mgd)

2010 8.4 6.9 4.9

2015 10.2 8.4 6.0

2020 12.5 10.3 7.4

2030 18.6 15.3 10.9

2040 26.4 21.6 15.6

2050 35.3 28.9 20.8

WATER SUPPLIED FROM THE YADKIN BASIN

YEAR Max. Day (mgd) Max Month (mgd) Avg. Day (mgd)

2010 3.0 2.5 1.8

2015 3.0 2.5 1.8

2020 4.0 3.3 2.4

2030 12.0 9.8 7.1

2040 20.0 16.4 11.8

2050 28.0 23.0 16.5

YADKIN SERVICE AREA WASTEWATER
WASTEWATER GENERATED IN THE YADKIN BASIN

YEAR Max. Day (mgd) Max Month (mgd) Avg. Day (mgd) Min Month (mgd)

2010 6.6 3.7 2.9 2.5

2015 8.2 4.7 3.6 3.1

2020 12.7 7.2 5.5 4.8

2030 18.4 10.4 8.0 7.0

2040 25.4 14.4 11.1 9.6

2050 35.1 19.8 15.2 13.3

WASTEWATER RETURNED TO THE YADKIN BASIN

YEAR Max. Day (mgd) Max Month (mgd) Avg. Day (mgd) Min Month (mgd)

2010 4.6 2.6 2.0 1.7

2015 5.9 3.3 2.6 2.2

2020 8.2 4.6 3.6 3.1

2030 11.3 6.4 4.9 4.3

2040 14.3 8.1 6.2 5.4

2050 18.4 10.4 8.0 7.0
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NET YADKIN RIVER TO ROCKY RIVER TRANSFER

YEAR Max. Day (mgd) Max Month (mgd) Avg. Day (mgd)

Max Month Water 

& Avg Month WW 

(mgd)

Max Month Water 

& Min Month WW 

(mgd)

2010 -1.6 -0.1 -0.2 0.5 0.7

2015 -2.9 -0.9 -0.8 -0.1 0.2

2020 -4.2 -1.4 -1.2 -0.3 0.2

2030 0.7 3.5 2.2 4.9 5.6

2040 5.7 8.3 5.6 10.2 11.0

2050 9.6 12.6 8.5 15.0 16.0

SUMMARY:
Year 2010 2050 2010 2050 2010 2050 2010 2050 2010 2050

3 28 2.5 23.0 1.8 16.5 2.5 23.0 2.5 23.0
4.6 18.4 2.6 10.4 2.0 8.0 2.0 8.0 1.7 7.0

-1.6 9.6 -0.1 12.6 0.7 8.5 0.5 15.0 0.7 16.0

USE THESE VALUES FOR IBT PLANNING PURPOSES

Note: Does not include additional WW returns from miscellaneous Union County package plants (Miscellaneous package plants include Union County operated 

facilities (Tallwood Estates WWTP, Grassy Branch WWTP, and Olde Sycamore WWTP) and privately operated facilities to neighborhoods served by Union County 

water (Country Woods WWTP and Hemby Acres WWTP).

Until new YRWSP is completed, Union County transfers more water into the Yadkin Basin through wastewater returns than it withdraws, due to it's Catawba 

IBT

Once the YRWSP is completed, Union County will withdraw more water from the Yadkin Basin than it returns through wastewater flow due the proposed 

Yadkin River to Rocky River IBT; however, the net effect of the IBT withdrawal is reduced due to wastewater returns back into the Rocky River in the Yadkin 

Service area.

Net Yadkin to Rocky River Transfer

Max Month Water & Min. Month WW (mgd)Max Day (mgd) Max Month (mgd) Max Month Water & Avg Month WW (mgd)

Water Supplied From Yadkin Basin

WW Returned to Yadkin Basin (Rocky River)

Avg Day (mgd)
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Yadkin Service Area Water - Wastewater Comparison 
Water: Max Month Avg; Wastewater: Avg. Annual Daily (mgd) 

WATER UTILIZED IN THE YADKIN BASIN

WATER SUPPLIED FROM THE YADKIN BASIN

WASTEWATER GENERATED IN THE YADKIN
BASIN

WASTEWATER RETURNED TO THE YADKIN
BASIN

NET YADKIN RIVER TO ROCKY RIVER
TRANSFER
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NC Local Water Supply Plans

Union County Wastewater Peaking Factors

Annual Average Daily to Maximum Daily

Plan Year Avg Day (mgd) Max Day (mgd) Max Day/ Avg Day Avg Day (mgd) Max Day (mgd) Max Day/ Avg Day Avg Day (mgd) Max Day (mgd) Max Day/ Avg Day Avg Day (mgd) Max Day (mgd) Max Day/ Avg Day1

2002 1.18 4 3.39 1.07 2.8 2.62 2.25 6.8 3.02 1.45 3.32 2.29

2007 1.29 2.28 1.77 2.74 5.51 2.01 4.03 7.79 1.93 1.18 2.70 2.29

2008 1.08 2.64 2.44 3.32 7.59 2.29 4.4 10.23 2.33 1.28 2.93 2.29

2009 1.02 3.05 2.99 3.55 8.4 2.37 4.57 11.45 2.51 1.25 2.86 2.29

2010 0.975 3.49 3.58 3.553 8.72 2.45 4.528 12.21 2.70 1.3 2.98 2.29

2011 0.997 2.295 2.30 3.557 6.31 1.77 4.554 8.605 1.89 1.213 2.78 2.29

2012 1.048 2.22 2.12 3.556 6.96 1.96 4.604 9.18 1.99 1.218 2.79 2.29

Avg 1.08 2.85 2.63 3.05 6.61 2.17 4.13 9.47 2.29 1.27 2.91 2.29

Notes:
1 Assumed ratio based on average of Crooked Creek WRF plus Twelve Mile WRF wastewater flows, in the absence of Union County data for max day flow sent to Monroe WWTP
2 Max day Union County wastewater flow sent to Monroe WWTP calculated as average day flow (known) multiplied by assumed max day to average day ratio as described in note 1 above

CONCLUSIONS

Use 2.3 as assumed annual average daily to maximum day wastewater flow peaking factor for wastewater projections.

Annual Average Daily to Minimum Month Daily Average

Month 2002 2007 2008 2009 2010 2011 2012

January 2.3 4.898 4.316 4.808 5.816 4.381 7.924

February 3 4.6 4.8 4.531 6.319 4.696 7.291

March 2.2 4.472 4.963 5.939 5.429 5.273 7.508

April 2.1 4.183 4.828 4.748 4.299 5.533 6.982

May 1.9 3.874 4.205 4.483 4.565 4.596 7.368

June 2 3.867 3.905 4.357 4.91 4.388 6.673

July 1.85 3.88 4.048 3.802 4.256 4.244 6.633

August 2 3.738 4.38 3.894 4.273 4.874 7.262

September 2.3 3.874 4.421 3.789 3.965 4.591 7.09

October 1.9 3.775 4.146 3.956 3.908 4.81 6.865

November 1.95 3.621 4.478 5.096 3.929 4.67 6.601

December 2.1 4.04 4.882 6.17 4.256 4.905 7.441

Annual Avg 2.13 4.07 4.45 4.63 4.65 4.75 7.14

Min Month 1.85 3.62 3.91 3.79 3.91 4.24 6.60 AVG

Min Month / Annual Avg 0.87 0.89 0.88 0.82 0.84 0.89 0.92 0.87

CONCLUSIONS

Use 0.87 as assumed annual average daily to minimum month average day wastewater flow peaking factor for wastewater projections.

NC LWSP Total Wastewater Monthly Average Wastewater Flow (mgd) by YEAR

Based on 1.3 annual average daily to maximum month daily average wastewater flow peaking factor (as communicated by Union County), the maximum month daily average to maximum day 

wastewater flow peaking factor is 1.8 (2.3 divided by 1.3).

Crooked Creek WRF Twelve Mile WRF TOTAL Monroe WWTP
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Transmission Main Take‐off to WTP Site Area A, by Alternative (not including land easement acquisition)

Length Length Pipe Dia. Cost
1

Cost/Elbow 90deg Cost/elbow Cost/valve

Alternatives (miles) (feet) (inches) ($/LF) ($/unit) Elbows ($/unit) ($/unit)

1A 24 126,720         36 $275 $34,848,000 22 $6,300 8 $8,100 25 $85,500 $2,137,500 $2,340,900 $74,377,800 $587

1B 26 137,280         36 $275 $37,752,000 21 $6,300 5 $8,100 27 $85,500 $2,308,500 $2,481,300 $80,466,600 $586

2A 35 184,800         36 $275 $50,820,000 28 $6,300 9 $8,100 37 $85,500 $3,163,500 $3,412,800 $108,465,600 $587

2B 35 184,800         36 $275 $50,820,000 26 $6,300 6 $8,100 37 $85,500 $3,163,500 $3,375,900 $108,391,800 $587

3A 29 153,120         36 $305 $46,701,600 12 $6,300 5 $8,100 31 $85,500 $2,650,500 $2,766,600 $98,936,400 $646

4 21 110,880         36 $275 $30,492,000 15 $6,300 5 $8,100 22 $85,500 $1,881,000 $2,016,000 $65,016,000 $586

5 3 15,840           36 $275 $4,356,000 2 $6,300 1 $8,100 4 $85,500 $342,000 $362,700 $9,437,400 $596

Notes:
1 Higher cost of $305/LF due to requirement for higher pressure class piping required for alternative
2 Overall costs presented for dual (2) redundant raw water tranmission mains

Summary of Project Transmission Main Costs to WTP Site Area A, by Alternative (not including land easement acquisition)

74,377,800$       108,391,800$     9,437,400$        
11,156,670$       16,258,770$       1,415,610$        
85,534,470$       124,650,570$     10,853,010$      

17,106,894$       24,930,114$       2,170,602$        
102,641,364$     149,580,684$     13,023,612$      

15,396,205$       22,437,103$       1,953,542$        
118,037,569$     172,017,787$     14,977,154$      

80,466,600$       98,936,400$       
12,069,990$       14,840,460$       
92,536,590$       113,776,860$     

18,507,318$       22,755,372$       
111,043,908$     136,532,232$     

16,656,586$       20,479,835$       
127,700,494$     157,012,067$     

108,465,600$     65,016,000$       
16,269,840$       9,752,400$         

124,735,440$     74,768,400$       

24,947,088$       14,953,680$       
149,682,528$     89,722,080$       

22,452,379$       13,458,312$       
172,134,907$     103,180,392$     
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Engineer's Design and Construction Admin Fee 

(15% ) 

Engineer's Design and Construction Admin Fee 

(15% ) 

Estimated Project Total - Transmission

Estimated Project Total - Transmission

Extended Subtotal

Contractor Overhead, Profit, General 

Conditions, and Mobilization (20%)

Estimated Project Total - Transmission

Engineer's Design and Construction Admin Fee 

(15% ) 

Extended Subtotal Extended Subtotal

Contractor Overhead, Profit, General 

Conditions, and Mobilization (20%)

Contingency (15%) 

Subtotal 

Extended Subtotal

Engineer's Design and Construction Admin 

Fee (15% ) 

Estimated Project Total - Transmission

Contingency (15%) 

Contractor Overhead, Profit, General 

Conditions, and Mobilization (20%)

Extended Subtotal

Contractor Overhead, Profit, General 

Conditions, and Mobilization (20%)

Contingency (15%) Contingency (15%) 

Extended Subtotal
Fee (15% ) 

Estimated Project Total - Transmission

Contractor Overhead, Profit, General 

Conditions, and Mobilization (20%)

Extended Subtotal

Estimated Project Total - Transmission

Estimated Project Total - Transmission

Extended Subtotal

Contingency (15%) 

Extended Subtotal

Subtotal 

Extended Subtotal

Subtotal 

Contingency (15%) 

Contingency (15%) 

Subtotal 

Extended Subtotal

Extended Subtotal

Contractor Overhead, Profit, General 

Conditions, and Mobilization (20%)

Contractor Overhead, Profit, General 

Conditions, and Mobilization (20%)

Extended Subtotal

Extended Subtotal

Subtotal 

Engineer's Design and Construction Admin 

Fee (15% ) 

(15% ) 

Subtotal 

Subtotal 

45deg 

Elbow
Total Pipe Cost

Plug 

Valves

Total Valve 

Cost

Total Fitting & 

Valve Cost
Overall Cost2

Fittings
Total 

Cost/Foot
2

Pipe
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Transmission Main Take‐off to WTP Site Area B, by Alternative (not including land easement acquisition)

Length Length Pipe Dia. Cost Cost/Elbow 90deg Cost/elbow Cost/valve

Alternative (miles) (feet) (inches) ($/LF) ($/unit) Elbows ($/unit) ($/unit)

1A 32 168,960   36 $275 $46,464,000 27 $6,300 12 $8,100 34 $85,500 $2,907,000 $3,174,300 $99,276,600 $588

1B 34 179,520   36 $275 $49,368,000 26 $6,300 9 $8,100 36 $85,500 $3,078,000 $3,314,700 $105,365,400 $587

2A 43 227,040   36 $275 $62,436,000 33 $6,300 13 $8,100 46 $85,500 $3,933,000 $4,246,200 $133,364,400 $587

2B 43 227,040   36 $275 $62,436,000 31 $6,300 10 $8,100 46 $85,500 $3,933,000 $4,209,300 $133,290,600 $587

3A 37 195,360   36 $305 $59,584,800 17 $6,300 9 $8,100 39 $85,500 $3,334,500 $3,514,500 $126,198,600 $646

4 29 153,120   36 $305 $46,701,600 20 $6,300 9 $8,100 31 $85,500 $2,650,500 $2,849,400 $99,102,000 $647

5 11 58,080      36 $275 $15,972,000 7 $6,300 5 $8,100 12 $85,500 $1,026,000 $1,110,600 $34,165,200 $588

Notes:
1 Higher cost of $305/LF due to requirement for higher pressure class piping required for alternative
2 Overall costs presented for dual (2) redundant raw water tranmission mains

Summary of Project Transmission Main Costs to WTP Site Area B, by Alternative (not including land easement acquisition)

99,276,600$       133,290,600$     34,165,200$         
14,891,490$       19,993,590$       5,124,780$           

114,168,090$     153,284,190$     39,289,980$         

22,833,618$       30,656,838$       7,857,996$           
137,001,708$     183,941,028$     47,147,976$         

20,550,256$       27,591,154$       7,072,196$           
157,551,964$     211,532,182$     54,220,172$         

105,365,400$     126,198,600$     
15,804,810$       18,929,790$       

121,170,210$     145,128,390$     

24,234,042$       29,025,678$       
145,404,252$     174,154,068$     

21,810,638$       26,123,110$       
167,214,890$     200,277,178$     

133,364,400$     99,102,000$       
20,004,660$       14,865,300$       

153,369,060$     113,967,300$     

30,673,812$       22,793,460$       
184,042,872$     136,760,760$     

27,606,431$       20,514,114$       
211,649,303$     157,274,874$     
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Engineer's Design and Construction 
Admin Fee (15% ) 

Estimated Project Total - Transmission

Admin Fee (15% ) 

Estimated Project Total - Transmission

Engineer's Design and Construction Admin 
Fee (15% ) 

Engineer's Design and Construction Admin 
Fee (15% ) 

Estimated Project Total - Transmission

Estimated Project Total - Transmission

Extended Subtotal

Contractor Overhead, Profit, General 
Conditions, and Mobilization (20%)

Extended Subtotal

Subtotal 

Contractor Overhead, Profit, General 
Conditions, and Mobilization (20%)

Extended Subtotal

Extended Subtotal

Contractor Overhead, Profit, General 
Conditions, and Mobilization (20%)

Contingency (15%) 

Extended Subtotal

Contingency (15%) 

Extended Subtotal

Subtotal 
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Extended Subtotal
Engineer's Design and Construction 
Admin Fee (15% ) 

Fee (15% ) 

Estimated Project Total - Transmission

Estimated Project Total - Transmission

Engineer's Design and Construction Admin Fee 
(15% ) 

Contractor Overhead, Profit, General 
Conditions, and Mobilization (20%)

Contractor Overhead, Profit, General 
Conditions, and Mobilization (20%)

Extended Subtotal

Extended Subtotal

Extended Subtotal

Contractor Overhead, Profit, General 
Conditions, and Mobilization (20%)

Contingency (15%) 

Subtotal Subtotal 

Extended Subtotal

Extended Subtotal

Contingency (15%) 

Subtotal 

Subtotal 

Estimated Project Total - Transmission

Subtotal 

Contingency (15%) Contingency (15%) 

Contingency (15%) 

Extended Subtotal

Contractor Overhead, Profit, General 
Conditions, and Mobilization (20%)

Extended Subtotal

Overall Cost
Total 

Cost/Foot

Pipe Fittings

Total Pipe Cost
45deg 

Elbow

Plug 

Valves

Total Valve 

Cost

Total Fitting & 

Valve Cost

C-4



Transmission Main Take‐off to WTP Site Area C, by Alternative (not including land easement acquisition)

Length Length Pipe Dia. Cost Cost/Elbow 90deg Cost/elbow Cost/valve

Alternatives (miles) (feet) (inches) ($/LF) ($/unit) Elbows ($/unit) ($/unit)

1A 31 163,680   36 $275 $45,012,000 27 $6,300 12 $8,100 33 $85,500 $2,821,500 $3,088,800 $96,201,600 $588

1B 33 174,240   36 $275 $47,916,000 26 $6,300 9 $8,100 35 $85,500 $2,992,500 $3,229,200 $102,290,400 $587

2A 42 221,760   36 $275 $60,984,000 33 $6,300 13 $8,100 44 $85,500 $3,762,000 $4,075,200 $130,118,400 $587

2B 42 221,760   36 $275 $60,984,000 31 $6,300 10 $8,100 44 $85,500 $3,762,000 $4,038,300 $130,044,600 $586

3A 36 190,080   36 $305 $57,974,400 17 $6,300 9 $8,100 38 $85,500 $3,249,000 $3,429,000 $122,806,800 $646

4 38 200,640   36 $305 $61,195,200 20 $6,300 9 $8,100 30 $85,500 $2,565,000 $2,763,900 $127,918,200 $638

5 10 52,800      36 $275 $14,520,000 7 $6,300 5 $8,100 11 $85,500 $940,500 $1,025,100 $31,090,200 $589

Notes:
1 Higher cost of $305/LF due to requirement for higher pressure class piping required for alternative
2 Overall costs presented for dual (2) redundant raw water tranmission mains

Summary of Project Transmission Main Costs to WTP Site Area C, by Alternative (not including land easement acquisition)

96,201,600$       130,044,600$     31,090,200$           
14,430,240$       19,506,690$       4,663,530$             

110,631,840$     149,551,290$     35,753,730$           

22,126,368$       29,910,258$       7,150,746$             
132,758,208$     179,461,548$     42,904,476$           

19,913,731$       26,919,232$       6,435,671$             
152,671,939$     206,380,780$     49,340,147$           

102,290,400$     122,806,800$     
15,343,560$       18,421,020$       

117,633,960$     141,227,820$     

23,526,792$       28,245,564$       
141,160,752$     169,473,384$     

21,174,113$       25,421,008$       
162,334,865$     194,894,392$     

130,118,400$     127,918,200$     
19,517,760$       19,187,730$       

149,636,160$     147,105,930$     

29,927,232$       29,421,186$       
179,563,392$     176,527,116$     

26,934,509$       26,479,067$       
206,497,901$     203,006,183$     
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Engineer's Design and Construction Admin 
Fee (15% ) 

Estimated Project Total - Transmission

Estimated Project Total - Transmission

Extended Subtotal

Extended Subtotal

Contractor Overhead, Profit, General 
Conditions, and Mobilization (20%)

Contractor Overhead, Profit, General 
Conditions, and Mobilization (20%)

Extended Subtotal

Extended Subtotal
Engineer's Design and Construction 
Admin Fee (15% ) 

Estimated Project Total - Transmission

Admin Fee (15% ) 

Estimated Project Total - Transmission

Extended Subtotal

Subtotal 

Contractor Overhead, Profit, General 
Conditions, and Mobilization (20%)

Extended Subtotal

Contractor Overhead, Profit, General 
Conditions, and Mobilization (20%)

Contingency (15%) 

Extended Subtotal

Contingency (15%) 

Extended Subtotal

Subtotal 
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Extended Subtotal
Engineer's Design and Construction 
Admin Fee (15% ) 

Fee (15% ) 

Estimated Project Total - Transmission

Estimated Project Total - Transmission

Engineer's Design and Construction Admin Fee 
(15% ) 

Contractor Overhead, Profit, General 
Conditions, and Mobilization (20%)

Contractor Overhead, Profit, General 
Conditions, and Mobilization (20%)

Extended Subtotal

Extended Subtotal

Extended Subtotal

Contractor Overhead, Profit, General 
Conditions, and Mobilization (20%)

Contingency (15%) 

Subtotal 

Extended Subtotal

Contingency (15%) 

Subtotal 

Subtotal 

Estimated Project Total - Transmission

Subtotal 

Contingency (15%) Contingency (15%) 

Contingency (15%) 

Engineer's Design and Construction Admin 
Fee (15% ) 

Overall Cost
Total 

Cost/Foot
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Pipe Fittings

Total Pipe Cost
45deg 

Elbow

Plug 

Valves

Total Valve 

Cost

Total Fitting & 

Valve Cost

Subtotal 

Extended Subtotal
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Transmission Main Take‐off to WTP Site Area D, by Alternative (not including land easement acquisition)

Length Length Pipe Dia. Cost Cost/Elbow 90deg Cost/elbow Cost/valve

Alternatives (miles) (feet) (inches) ($/LF) ($/unit) Elbows ($/unit) ($/unit)

3B 30 158,400   36 $305 $48,312,000 9 $6,300 8 $8,100 32 $85,500 $2,736,000 $2,857,500 $102,339,000 $646

8 3 12.5 66,000      36 $275 $38,808,000 $588

Notes:
1 Higher cost of $305/LF due to requirement for higher pressure class piping required for alternative
2 Overall costs presented for dual (2) redundant raw water tranmission mains
3 Cost of Alternative 8 transmission mains estimated by use of the average total cost per foot of standard class piping for all other alternatives, ($586/ft), due to relatively short length of alignment as compared with other alternatives

Summary of Project Transmission Main Costs to WTP Site Area D, by Alternative (not including land easement acquisition)

102,339,000$     
15,350,850$       

117,689,850$     

23,537,970$       
141,227,820$     

21,184,173$       
162,411,993$     

38,808,000$       
5,821,200$         

44,629,200$       

8,925,840$         
53,555,040$       

8,033,256$         
61,588,296$       

Pipe Fittings

Total Pipe Cost
45deg 

Elbow

Plug 

Valves

Total Valve 

Cost

Total Fitting & 

Valve Cost

Subtotal 

Contingency (15%) 

Overall Cost
Total 

Cost/Foot
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Extended Subtotal
Engineer's Design and Construction 
Admin Fee (15% ) 

Estimated Project Total - Transmission

Contingency (15%) 

Extended Subtotal

Contractor Overhead, Profit, General 
Conditions, and Mobilization (20%)

Subtotal 

Engineer's Design and Construction 
Admin Fee (15% ) 

Estimated Project Total - Transmission

Extended Subtotal

Contractor Overhead, Profit, General 
Conditions, and Mobilization (20%)

Extended Subtotal
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12 MGD Facility, Phase 1 20 MGD Facility, Phase 2
Raw Water Pump Station & Intake Improvements Raw Water Pump Station & Intake Improvements

UNIT QUANTITY UNIT PRICE TOTAL PRICE UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Intake, Screens and Appurtenances LS 1 1,250,000$      1,250,000$           Intake, Screens and Appurtenances LS 0 850,000$         -$                      

Raw Water Pumping Station SF 2000 200$               400,000$             Raw Water Pumping Station SF 0 150$               -$                     
6 MGD Vertical Turbine Pumps EA 2 125,000$        250,000$             12 MGD Vertical Turbine Pumps EA 1 250,000$        250,000$             

12 MGD Vertical Turbine Pumps EA 1 250,000$        250,000$             
Installation LS 1 150,000$        150,000$             Installation LS 1 50,000$          50,000$               

Emergency Generator LS 1 500,000$        500,000$             Emergency Generator LS 0 500,000$        -$                     
Piping and Valving LS 1 200,000$        200,000$             Piping and Valving LS 1 75,000$          75,000$               

Electrical and I&C Improvements LS 1 350,000$         350,000$              Electrical and I&C Improvements LS 1 75,000$           75,000$                
3,350,000$           450,000$              

3,350,000$           450,000$              

100,500$              13,500$                

3,450,500$           463,500$              

517,575$              69,525$                

3,968,075$           533,025$              

793,615$              106,605$              

4,761,690$           639,630$              

-$                      -$                      

714,254$              95,945$                

5,475,944$           735,575$              

Rapid Mix UNIT QUANTITY UNIT PRICE TOTAL PRICE Rapid Mix UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment EA 2 60,000$           120,000$              Equipment EA 0 60,000$           -$                      

Tank Construction CY 80 550$                44,000$                Tank Construction CY 0 550$                -$                      
Excavation and Backfill CY 140 35$                  4,900$                  Excavation and Backfill CY 0 35$                  -$                      
Equipment Installation LS 1 110,000$         110,000$              Equipment Installation LS 0 -$                 -$                      

42" Influent Line LF 150 300$                45,000$                42" Influent Line LF 0 300$                -$                      
 Slide Gates EA 4 25,000$           100,000$               Slide Gates EA 0 25,000$           -$                      

Electrical and I&C Improvements L S 1 84,780$           84,780$                Electrical and I&C Improvements L S 0 -$                 -$                      
508,680$              -$                     

Superpulsators UNIT QUANTITY UNIT PRICE TOTAL PRICE Superpulsators UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment EA 2 690,000$         1,380,000$           Equipment EA 1 690,000$         690,000$              

Tank Construction CY 1857 550$                1,021,350$           Tank Construction CY 980 550$                539,000$              
Excavation and Backfill CY 930 35$                  32,550$                Excavation and Backfill CY 470 35$                  16,450$                
Equipment Installation LS 1 414,000$         414,000$              Equipment Installation LS 1 207,000$         207,000$              

Miscellanous Metals LS 1 50,000$           50,000$                Miscellanous Metals LS 1 25,000$           25,000$                
Electrical and I&C Improvements LS 1 434,685$         434,685$              Electrical and I&C Improvements LS 1 221,618$         221,618$              

3,332,585$           1,699,068$           

Ozone Contactors UNIT QUANTITY UNIT PRICE TOTAL PRICE Ozone Contactors UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment (pumps, generators, etc.) EA 1 1,000,000$      1,000,000$           Equipment (pumps, generators, etc.) EA 1 500,000$         500,000$              

Tank Construction CY 1000 550$                550,000$              Tank Construction CY 500 550$                275,000$              
Excavation and Backfill CY 360 50$                  18,000$                Excavation and Backfill CY 180 50$                  9,000$                  
Equipment Installation LS 1 250,000$         250,000$              Equipment Installation LS 1 100,000$         100,000$              

Miscellanous Metals LS 1 65,000$           65,000$                Miscellanous Metals LS 1 35,000$           35,000$                
Sluice Gates EA 4 25,000$           100,000$              Sluice Gates EA 2 25,000$           50,000$                

42" DIP Effluent Line LF 380 300$                114,000$              42" DIP Effluent Line LF 50 300$                15,000$                
42" DIP Influent Line LF 60 300$                18,000$                42" DIP Influent Line LF 25 300$                7,500$                  

Electrical and I&C Improvements LS 1 223,000$         223,000$              Electrical and I&C Improvements LS 1 98,300$           98,300$                
2,338,000$           1,089,800$           

BioFilters (4 gpm/sf) UNIT QUANTITY UNIT PRICE TOTAL PRICE BioFilters (4 gpm/sf) UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Filter Building SF 1800 150$                270,000$              Filter Building SF 0 150$                -$                      

GAC Filter Media* LBS 565000 1.5$                 847,500$              GAC Filter Media* LBS 283000 1.5$                 424,500$              
 Underdrain Equipment, Troughs EA 4 180,000$         720,000$               Underdrain Equipment, Troughs EA 2 180,000$         360,000$              

Filter Box Construction CY 1000 550$                550,000$              Filter Box Construction CY 500 550$                275,000$              
Excavation and Backfill CY 1200 35$                  42,000$                Excavation and Backfill CY 600 35$                  21,000$                
Equipment Installation EA 4 100,000$         400,000$              Equipment Installation EA 2 100,000$         200,000$              

Miscellanous Metals LS 1 50,000$           50,000$                Miscellanous Metals LS 1 25,000$           25,000$                
Canopy SF 4000 40$                  160,000$              Canopy SF 2000 40$                  80,000$                

Pipe Gallery Piping/Valving EA 4 125,000$         500,000$              Pipe Gallery Piping/Valving EA 2 125,000$         250,000$              
42" Steel Effluent Line LF 200 300$                60,000$                42" Steel Effluent Line LF 100 300$                30,000$                

Electrical and I&C Improvements LS 1 496,400$         496,400$              Electrical and I&C Improvements LS 1 248,200$         248,200$              
3,825,900$           1,913,700$           

 Buildings UNIT QUANTITY UNIT PRICE TOTAL PRICE  Buildings UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Lab/Admin Building SF 6,000 200$                1,200,000$           Lab/Admin Building SF 0 150$                -$                      
Maintenance Shop SF 1,500 125$                187,500$              Maintenance Shop SF 0 125$                -$                      

1,387,500$           -$                      

Chemical Feed Facilities UNIT QUANTITY UNIT PRICE TOTAL PRICE Chemical Feed Facilities UNIT QUANTITY UNIT PRICE TOTAL PRICE 
PAC Silo EA 1 300,000$         300,000$              PAC Silo EA 0 300,000$         -$                      

Concrete Pad CY 10 600$                6,000$                  Concrete Pad CY 0 600$                -$                      
Chemical Feed Pumps EA 2 25,500$           51,000$                Chemical Feed Pumps EA 0 25,500$           -$                      

Alum Bulk Tanks - 20,000 gallon EA 2 40,000$           80,000$                Alum Bulk Tanks - 20,000 gallon EA 1 40,000$           40,000$                
Chemical Feed Pumps EA 2 25,000$           50,000$                Chemical Feed Pumps EA 0 25,000$           -$                      

Polymer Feed System EA 2 100,000$         200,000$              Polymer Feed System EA 0 100,000$         -$                      
Polymer Feed Pumps EA 4 25,000$           100,000$              Polymer Feed Pumps EA 0 25,000$           -$                      

Caustic Bulk Tanks - 10,000 gallon EA 2 25,000$           50,000$                Caustic Bulk Tanks - 10,000 gallon EA 1 25,000$           25,000$                
Caustic Feed Pumps EA 2 25,000$           50,000$                Caustic Feed Pumps EA 0 25,000$           -$                      

Hypo Bulk Storage Tank (20,000 gallons) EA 3 40,000$           120,000$              Hypo Bulk Storage Tank (20,000 gallons) EA 1 40,000$           40,000$                
Hypo Feed Pumps EA 4 25,000$           100,000$              Hypo Feed Pumps EA 0 25,000$           -$                      

Ammonia Bulk Storage Tank (1000 gallons) EA 1 35,000$           35,000$                Ammonia Bulk Storage Tank (1000 gallons) EA 1 35,000$           35,000$                
Ammonia Feed System EA 2 30,000$           60,000$                Ammonia Feed System EA 0 30,000$           -$                      

Corrosion Inhibitor Bulk Storage Tank (4,000 gallons) EA 1 15,000$           15,000$                Corrosion Inhibitor Bulk Storage Tank (4,000 gallons) EA 0 15,000$           -$                      
Corrosion Inhibitor Feed Pump EA 2 15,000$           30,000$                Corrosion Inhibitor Feed Pump EA 0 15,000$           -$                      

Fluoride Bulk Storage Tank (4,000 gallons) EA 1 15,000$           15,000$                Fluoride Bulk Storage Tank (4,000 gallons) EA 0 15,000$           -$                      
Fluoride Feed Pumps EA 2 15,000$           30,000$                Fluoride Feed Pumps EA 0 15,000$           -$                      

Chemical Building SF 15000 150$                2,250,000$           Chemical Building SF 0 150$                -$                      
Electrical and I&C Improvements LS 1 531,300$         531,300$              Electrical and I&C Improvements LS 1 21,000$           21,000$                

Equipment Installation LS 1 101,250$         101,250$              Equipment Installation LS 1 18,750$           18,750$                

4,174,550$           179,750$              

Residuals Handling UNIT QUANTITY UNIT PRICE TOTAL PRICE Residuals Handling UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equalization Tank CY 1,000 550$                550,000$              Equalization Tank CY 1,000 550$                550,000$              

Backwash Settling Units EA 2 350,000$         700,000$              Backwash Settling Units EA 1 350,000$         350,000$              
Gravity Thickener Eq. and Thickened Sludge PS  LS 1 750,000$         750,000$              Gravity Thickener Eq. and Thickened Sludge PS  LS 1 750,000$         750,000$              

Gravity Thickener Tank CY 750 550$                412,500$              Gravity Thickener Tank CY 750 550$                412,500$              
Centrifuges EA 2 500,000$         1,000,000$           Centrifuges EA 0 500,000$         -$                      

Dewatering Building SF 2,000 150$                300,000$              Dewatering Building SF 0 150$                -$                      
Thickening Polymer System LS 1 65,000$           65,000$                Thickening Polymer System LS 0 65,000$           -$                      

Centrifuge Pumps EA 2 40,000$           80,000$                Centrifuge Pumps EA 0 40,000$           -$                      
Thickened Sludge Storage CY 250 550$                137,500$              Thickened Sludge Storage CY 0 550$                -$                      

Thickened Sludge Storage Mixer EA 1 75,000$           75,000$                Thickened Sludge Storage Mixer EA 0 75,000$           -$                      
Electrical and I&C Improvements LS 1 814,000$         814,000$              Electrical and I&C Improvements LS 1 412,500$         412,500$              
Miscellanous (Yard Piping, etc.) LS 1 407,000$         407,000$              Miscellanous (Yard Piping, etc.) LS 1 206,250$         206,250$              

5,291,000$           2,681,250$           

Clearwells UNIT QUANTITY UNIT PRICE TOTAL PRICE Clearwells UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Clearwell (120-ft diameter) GAL 4,000,000 0.60$               2,400,000$           Clearwell (120-ft diameter) GAL 0 0.60$               -$                      

Electrical and I&C Improvements LS 1 240,000$         240,000$              Electrical and I&C Improvements LS 1 -$                 -$                      
Miscellanous (Yard Piping, etc.) LS 1 240,000$         240,000$              Miscellanous (Yard Piping, etc.) LS 1 -$                 -$                      

2,880,000$           -$                     

Finished Water Pump Station UNIT QUANTITY UNIT PRICE TOTAL PRICE Finished Water Pump Station UNIT QUANTITY UNIT PRICE TOTAL PRICE 
High Service Pumps EA 3 125,000$         375,000$              High Service Pumps EA 1 250,000$         250,000$              

Pumping Station Building SF 3,500 150$                525,000$              Pumping Station Building SF 0 150$                -$                      
Electrical and I&C Improvements LS 1 180,000$         180,000$              Electrical and I&C Improvements LS 1 50,000$           50,000$                

Miscellanous (Piping, etc.) LS 1 450,000$         450,000$              Miscellanous (Piping, etc.) LS 1 125,000$         125,000$              
1,530,000$           425,000$              

25,268,215$         7,988,568$           
758,046$              239,657$              

26,026,261$         8,228,225$           
1,263,411$           399,428$              

27,289,672$         8,627,653$           
6,822,418$           2,156,913$           

34,112,090$         10,784,566$         
6,822,418$           2,156,913$           

40,934,508$         12,941,479$         
40,934,508$         12,941,479$         

6,140,176$           1,941,222$           
47,074,685$         14,882,701$         

ALTERNATIVES 1‐3: Raw Water Intake, Pump Station and Water Treatment Plant Conceptual Cost Opinion, by Alternative (not including land easement 

acquisition and raw water transmission costs)

Escalation - None

Phase 1 Estimated Raw Water PS & Intake Improvements Total 

Subtotal for Construction 

Site/Civil (3%)

Subtotal

Contingency (15%) 

Subtotal

Contractor Overhead, Profit, General Conditions, and Mobilization (20%)

Subtotal

Escalation - None

Engineer's Design and Construction Admin Fee (15% ) 

Phase 2 Estimated Raw Water PS & Intake Improvements Total 

Subtotal

Contractor Overhead, Profit, General Conditions, and Mobilization (20%)

Subtotal

Escalation - None

Engineer's Design and Construction Admin Fee (15% ) 

Subtotal

Engineer's Design and Construction Admin Fee (15% ) 

Phase 2 Estimated WTP Total 

Escalation (0%)

Site/Civil (3%)

Subtotal

Contingency (25%) 

Subtotal

Contractor Overhead, Profit, General Conditions, and Mobilization (20%)

Yard Piping (5%)

Subtotal

Subtotal 

Subtotal 

Subtotal for Construction 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Treatment Plant Processes 

Subtotal 

Subtotal 

Subtotal

Contractor Overhead, Profit, General Conditions, and Mobilization (20%)

Subtotal

Subtotal 

Subtotal 

Treatment Plant Processes 

Subtotal 

Subtotal 

Subtotal 

Yard Piping (5%)

Subtotal

Subtotal for Construction 

Site/Civil (3%)

Subtotal

Contingency (15%) 

Phase 1 Estimated WTP Total 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Engineer's Design and Construction Admin Fee (15% ) 

Subtotal for Construction 

Site/Civil (3%)

Subtotal

Contingency (25%) 
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28 MGD Facility, Phase 3
Raw Water Pump Station & Intake Improvements

UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Intake, Screens and Appurtenances LS 0 850,000$            -$                       

Raw Water Pumping Station SF 0 150$                  -$                      
12 MGD Vertical Turbine Pumps EA 1 250,000$           250,000$              

Installation LS 1 50,000$             50,000$                
Emergency Generator LS 1 500,000$           500,000$              

Piping and Valving LS 1 75,000$             75,000$                
Electrical and I&C Improvements LS 1 175,000$            175,000$               

1,050,000$            

1,050,000$            

31,500$                 

1,081,500$            

162,225$               

1,243,725$            

248,745$               

1,492,470$            

-$                       

223,871$               

1,716,341$            

Phase 1-3 Total 7,927,859$            

Rapid Mix UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment EA 1 60,000$              60,000$                 

Tank Construction CY 40 550$                   22,000$                 
Excavation and Backfill CY 70 35$                     2,450$                   
Equipment Installation LS 1 40,000$              40,000$                 

42" Influent Line LF 30 300$                   9,000$                   
 Slide Gates EA 2 25,000$              50,000$                 

Electrical and I&C Improvements L S 1 36,690$              36,690$                 
220,140$              

Superpulsators UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment EA 1 690,000$            690,000$               

Tank Construction CY 980 550$                   539,000$               
Excavation and Backfill CY 470 35$                     16,450$                 
Equipment Installation LS 1 207,000$            207,000$               
Miscellanous Metals LS 1 25,000$              25,000$                 

Electrical and I&C Improvements LS 1 221,618$            221,618$               
1,699,068$           

Ozone Contactors UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment (pumps, generators, etc.) EA 1 500,000$            500,000$               

Tank Construction CY 0 550$                   -$                       
Excavation and Backfill CY 0 50$                     -$                       
Equipment Installation LS 1 100,000$            100,000$               
Miscellanous Metals LS 0 35,000$              -$                       

Sluice Gates EA 0 25,000$              -$                       
42" DIP Effluent Line LF 0 300$                   -$                       
42" DIP Influent Line LF 0 300$                   -$                       

Electrical and I&C Improvements LS 1 20,000$              20,000$                 
620,000$              

BioFilters (4 gpm/sf) UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Filter Building SF 0 150$                   -$                       

GAC Filter Media* LBS 283000 1.5$                    424,500$               
 Underdrain Equipment, Troughs EA 2 180,000$            360,000$               

Filter Box Construction CY 500 550$                   275,000$               
Excavation and Backfill CY 600 35$                     21,000$                 
Equipment Installation EA 2 100,000$            200,000$               
Miscellanous Metals LS 1 25,000$              25,000$                 

Canopy SF 2000 40$                     80,000$                 
Pipe Gallery Piping/Valving EA 2 125,000$            250,000$               

42" Steel Effluent Line LF 100 300$                   30,000$                 
Electrical and I&C Improvements LS 1 248,200$            248,200$               

1,913,700$           

 Buildings UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Lab/Admin Building SF 0 150$                   -$                       
Maintenance Shop SF 0 125$                   -$                       

-$                       

Chemical Feed Facilities UNIT QUANTITY UNIT PRICE TOTAL PRICE 
PAC Silo EA 0 300,000$            -$                       

Concrete Pad CY 0 600$                   -$                       
Chemical Feed Pumps EA 0 25,500$              -$                       

Alum Bulk Tanks - 20,000 gallon EA 1 40,000$              40,000$                 
Chemical Feed Pumps EA 0 25,000$              -$                       

Polymer Feed System EA 0 100,000$            -$                       
Polymer Feed Pumps EA 0 25,000$              -$                       

Caustic Bulk Tanks - 10,000 gallon EA 1 25,000$              25,000$                 
Caustic Feed Pumps EA 0 25,000$              -$                       

Hypo Bulk Storage Tank (20,000 gallons) EA 2 40,000$              80,000$                 
Hypo Feed Pumps EA 4 25,000$              100,000$               

Ammonia Bulk Storage Tank (1000 gallons) EA 0 35,000$              -$                       
Ammonia Feed System EA 0 30,000$              -$                       

Corrosion Inhibitor Bulk Storage Tank (4,000 gallons) EA 0 15,000$              -$                       
Corrosion Inhibitor Feed Pump EA 0 15,000$              -$                       

Fluoride Bulk Storage Tank (4,000 gallons) EA 0 15,000$              -$                       
Fluoride Feed Pumps EA 0 15,000$              -$                       

Chemical Building SF 0 150$                   -$                       
Electrical and I&C Improvements LS 1 36,750$              36,750$                 

Equipment Installation LS 1 45,000$             45,000$                

326,750$              

Residuals Handling UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equalization Tank CY 1,000 550$                   550,000$               

Backwash Settling Units EA 1 350,000$            350,000$               
Gravity Thickener Eq. and Thickened Sludge PS  LS 1 750,000$            750,000$               

Gravity Thickener Tank CY 750 550$                   412,500$               
Centrifuges EA 0 500,000$            -$                       

Dewatering Building SF 0 150$                   -$                       
Thickening Polymer System LS 0 65,000$              -$                       

Centrifuge Pumps EA 0 40,000$              -$                       
Thickened Sludge Storage CY 0 550$                   -$                       

Thickened Sludge Storage Mixer EA 0 75,000$              -$                       
Electrical and I&C Improvements LS 1 412,500$            412,500$               
Miscellanous (Yard Piping, etc.) LS 1 206,250$            206,250$               

2,681,250$           

Clearwells UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Clearwell (120-ft diameter) GAL 0 0.60$                  -$                       

Electrical and I&C Improvements LS 1 -$                    -$                       
Miscellanous (Yard Piping, etc.) LS 1 -$                    -$                       

-$                      

Finished Water Pump Station UNIT QUANTITY UNIT PRICE TOTAL PRICE 
High Service Pumps EA 1 250,000$            250,000$               

Pumping Station Building SF 0 150$                   -$                       
Electrical and I&C Improvements LS 1 50,000$              50,000$                 

Miscellanous (Piping, etc.) LS 1 125,000$            125,000$               
425,000$              

7,885,908$            
236,577$               

8,122,485$            
394,295$               

8,516,780$            
2,129,195$            

10,645,975$          
2,129,195$            

12,775,170$          
12,775,170$          

1,916,276$            
14,691,446$          

Phase 1-3 Total 76,648,831$          

(CONTINUED ) ALTERNATIVES 1‐3: Raw Water Intake, Pump Station and Water Treatment Plant Conceptual Cost 

Opinion, by Alternative (not including land easement acquisition and raw water transmission costs)

Subtotal

Engineer's Design and Construction Admin Fee (15% ) 

Phase 3 Estimated WTP Total 

Subtotal for Construction 

Site/Civil (3%)

Subtotal

Contingency (25%) 

Subtotal

Yard Piping (5%)

Subtotal

Escalation (0%)

Subtotal 

Subtotal 

Contractor Overhead, Profit, General Conditions, and Mobilization (20%)

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Treatment Plant Processes 

Subtotal 

Subtotal 

Subtotal for Construction 

Site/Civil (3%)

Subtotal

Contingency (15%) 

Subtotal

Contractor Overhead, Profit, General Conditions, and Mobilization (20%)

Subtotal

Escalation - None

Engineer's Design and Construction Admin Fee (15% ) 

Phase 3 Estimated Raw Water PS & Intake Improvements Total 
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12 MGD Facility, Phase 1 20 MGD Facility, Phase 2
Raw Water Pump Station & Intake Improvements Raw Water Pump Station & Intake Improvements

UNIT QUANTITY UNIT PRICE TOTAL PRICE UNIT QUANTITY UNIT PRICE TOTAL PRICE 
 Intake LS 1 1,250,000$      1,250,000$           Intake, Screens, and Appurtenances LS 0 850,000$         -$                      

Raw Water Pumping Station SF 2000 200$               400,000$             Raw Water Pumping Station SF 0 200$               -$                     
6 MGD Vertical Turbine Pumps EA 2 125,000$        250,000$             6 MGD Vertical Turbine Pumps EA 0 125,000$        -$                     

12 MGD Vertical Turbine Pumps EA 1 125,000$        125,000$             12 MGD Vertical Turbine Pumps EA 1 250,000$        250,000$             
Installation LS 1 150,000$        150,000$             Installation LS 1 50,000$          50,000$               

Emergency Generator LS 1 500,000$        500,000$             Emergency Generator LS 0 500,000$        -$                     
Piping and Valving LS 1 150,000$        150,000$             Piping and Valving LS 1 75,000$          75,000$               

Electrical and I&C Improvements LS 1 315,000$         315,000$              Electrical and I&C Improvements LS 1 75,000$           75,000$                
3,140,000$           450,000$              

3,140,000$           450,000$              

94,200$                13,500$                

3,234,200$           463,500$              

808,550$              115,875$              

4,042,750$           579,375$              

808,550$              115,875$              

4,851,300$           695,250$              

4,851,300$           695,250$              

727,695$              104,288$              

5,578,995$           799,538$              

Rapid Mix UNIT QUANTITY UNIT PRICE TOTAL PRICE Rapid Mix 

Equipment EA 2 60,000$           120,000$              Equipment EA 0 60,000$           -$                      
Tank Construction CY 80 550$                44,000$                Tank Construction CY 0 550$                -$                      

Excavation and Backfill CY 140 35$                  4,900$                  Excavation and Backfill CY 0 35$                  -$                      
Equipment Installation LS 1 110,000$         110,000$              Equipment Installation LS 0 -$                 -$                      

42" Influent Line LF 150 300$                45,000$                42" Influent Line LF 0 300$                -$                      
 Slide Gates EA 4 25,000$           100,000$               Slide Gates EA 0 25,000$           -$                      

Electrical and I&C Improvements L S 1 84,780$           84,780$                Electrical and I&C Improvements L S 0 -$                 -$                      
508,680$              -$                     

Superpulsators UNIT QUANTITY UNIT PRICE TOTAL PRICE Superpulsators 

Equipment EA 2 690,000$         1,380,000$           Equipment EA 1 690,000$         690,000$              
Tank Construction CY 1857 550$                1,021,350$           Tank Construction CY 980 550$                539,000$              

Excavation and Backfill CY 930 35$                  32,550$                Excavation and Backfill CY 470 35$                  16,450$                
Equipment Installation LS 1 414,000$         414,000$              Equipment Installation LS 1 207,000$         207,000$              

Miscellanous Metals LS 1 50,000$           50,000$                Miscellanous Metals LS 1 25,000$           25,000$                
Electrical and I&C Improvements LS 1 434,685$         434,685$              Electrical and I&C Improvements LS 1 221,618$         221,618$              

3,332,585$           1,699,068$           
Ozone Contactors UNIT QUANTITY UNIT PRICE TOTAL PRICE Ozone Contactors UNIT QUANTITY UNIT PRICE TOTAL PRICE 

Equipment (pumps, generators, etc.) EA 1 1,000,000$      1,000,000$           Equipment (pumps, generators, etc.) EA 1 500,000$         500,000$              
Tank Construction CY 1000 550$                550,000$              Tank Construction CY 500 550$                275,000$              

Excavation and Backfill CY 360 50$                  18,000$                Excavation and Backfill CY 180 50$                  9,000$                  
Equipment Installation LS 1 250,000$         250,000$              Equipment Installation LS 1 100,000$         100,000$              

Miscellanous Metals LS 1 65,000$           65,000$                Miscellanous Metals LS 1 35,000$           35,000$                
Sluice Gates EA 4 25,000$           100,000$              Sluice Gates EA 2 25,000$           50,000$                

42" DIP Effluent Line LF 380 300$                114,000$              42" DIP Effluent Line LF 50 300$                15,000$                
42" DIP Influent Line LF 60 300$                18,000$                42" DIP Influent Line LF 25 300$                7,500$                  

Electrical and I&C Improvements LS 1 223,000$         223,000$              Electrical and I&C Improvements LS 1 98,300$           98,300$                
2,338,000$           1,089,800$           

BioFilters (4 gpm/sf) UNIT QUANTITY UNIT PRICE TOTAL PRICE BioFilters (4 gpm/sf) UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Filter Building SF 1800 150$                270,000$              Filter Building SF 0 150$                -$                      

GAC Filter Media* LBS 565000 1.5$                 847,500$              GAC Filter Media* LBS 283000 1.5$                 424,500$              
 Underdrain Equipment, Troughs EA 4 180,000$         720,000$               Underdrain Equipment, Troughs EA 2 180,000$         360,000$              

Filter Box Construction CY 1000 550$                550,000$              Filter Box Construction CY 500 550$                275,000$              
Excavation and Backfill CY 1200 35$                  42,000$                Excavation and Backfill CY 600 35$                  21,000$                
Equipment Installation EA 4 100,000$         400,000$              Equipment Installation EA 2 100,000$         200,000$              

Miscellanous Metals LS 1 50,000$           50,000$                Miscellanous Metals LS 1 25,000$           25,000$                
Canopy SF 4000 40$                  160,000$              Canopy SF 2000 40$                  80,000$                

Pipe Gallery Piping/Valving EA 4 125,000$         500,000$              Pipe Gallery Piping/Valving EA 2 125,000$         250,000$              
42" Steel Effluent Line LF 200 300$                60,000$                42" Steel Effluent Line LF 100 300$                30,000$                

Electrical and I&C Improvements LS 1 496,400$         496,400$              Electrical and I&C Improvements LS 1 248,200$         248,200$              
3,825,900$           1,913,700$           

 Buildings UNIT QUANTITY UNIT PRICE TOTAL PRICE  Buildings UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Lab/Admin Building SF 6,000 200$                1,200,000$           Lab/Admin Building SF 0 150$                -$                      
Maintenance Shop SF 1,500 125$                187,500$              Maintenance Shop SF 0 125$                -$                      

1,387,500$           -$                      

Chemical Feed Facilities UNIT QUANTITY UNIT PRICE TOTAL PRICE Chemical Feed Facilities UNIT QUANTITY UNIT PRICE TOTAL PRICE 
PAC Silo EA 1 300,000$         300,000$              PAC Silo EA 0 300,000$         -$                      

Concrete Pad CY 10 600$                6,000$                  Concrete Pad CY 0 600$                -$                      
Chemical Feed Pumps EA 2 25,500$           51,000$                Chemical Feed Pumps EA 0 25,500$           -$                      

Alum Bulk Tanks - 20,000 gallon EA 2 40,000$           80,000$                Alum Bulk Tanks - 20,000 gallon EA 1 40,000$           40,000$                
Chemical Feed Pumps EA 2 25,000$           50,000$                Chemical Feed Pumps EA 0 25,000$           -$                      

Polymer Feed System EA 2 100,000$         200,000$              Polymer Feed System EA 0 100,000$         -$                      
Polymer Feed Pumps EA 4 25,000$           100,000$              Polymer Feed Pumps EA 0 25,000$           -$                      

Caustic Bulk Tanks - 10,000 gallon EA 2 25,000$           50,000$                Caustic Bulk Tanks - 10,000 gallon EA 1 25,000$           25,000$                
Caustic Feed Pumps EA 2 25,000$           50,000$                Caustic Feed Pumps EA 0 25,000$           -$                      

Hypo Bulk Storage Tank (20,000 gallons) EA 3 40,000$           120,000$              Hypo Bulk Storage Tank (20,000 gallons) EA 1 40,000$           40,000$                
Hypo Feed Pumps EA 4 25,000$           100,000$              Hypo Feed Pumps EA 0 25,000$           -$                      

Ammonia Bulk Storage Tank (1000 gallons) EA 1 35,000$           35,000$                Ammonia Bulk Storage Tank (1000 gallons) EA 1 35,000$           35,000$                
Ammonia Feed System EA 2 30,000$           60,000$                Ammonia Feed System EA 0 30,000$           -$                      

Corrosion Inhibitor Bulk Storage Tank (4,000 gallons) EA 1 15,000$           15,000$                Corrosion Inhibitor Bulk Storage Tank (4,000 gallons) EA 0 15,000$           -$                      
Corrosion Inhibitor Feed Pump EA 2 15,000$           30,000$                Corrosion Inhibitor Feed Pump EA 0 15,000$           -$                      

Fluoride Bulk Storage Tank (4,000 gallons) EA 1 15,000$           15,000$                Fluoride Bulk Storage Tank (4,000 gallons) EA 0 15,000$           -$                      
Fluoride Feed Pumps EA 2 15,000$           30,000$                Fluoride Feed Pumps EA 0 15,000$           -$                      

Chemical Building SF 15000 150$                2,250,000$           Chemical Building SF 0 150$                -$                      
Electrical and I&C Improvements LS 1 531,300$         531,300$              Electrical and I&C Improvements LS 1 21,000$           21,000$                

Equipment Installation LS 1 101,250$         101,250$              Equipment Installation LS 1 18,750$           18,750$                
4,174,550$           179,750$              

Residuals Handling UNIT QUANTITY UNIT PRICE TOTAL PRICE Residuals Handling UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equalization Tank CY 1,000 550$                550,000$              Equalization Tank CY 1,000 550$                550,000$              

Backwash Settling Units EA 2 350,000$         700,000$              Backwash Settling Units EA 1 350,000$         350,000$              
Gravity Thickener Eq. and Thickened Sludge PS  LS 1 750,000$         750,000$              Gravity Thickener Eq. and Thickened Sludge PS  LS 1 750,000$         750,000$              

Gravity Thickener Tank CY 750 550$                412,500$              Gravity Thickener Tank CY 750 550$                412,500$              
Centrifuges EA 2 500,000$         1,000,000$           Centrifuges EA 0 500,000$         -$                      

Dewatering Building SF 2,000 150$                300,000$              Dewatering Building SF 0 150$                -$                      
Thickening Polymer System LS 1 65,000$           65,000$                Thickening Polymer System LS 0 65,000$           -$                      

Centrifuge Pumps EA 2 40,000$           80,000$                Centrifuge Pumps EA 0 40,000$           -$                      
Thickened Sludge Storage CY 250 550$                137,500$              Thickened Sludge Storage CY 0 550$                -$                      

Thickened Sludge Storage Mixer EA 1 75,000$           75,000$                Thickened Sludge Storage Mixer EA 0 75,000$           -$                      
Electrical and I&C Improvements LS 1 814,000$         814,000$              Electrical and I&C Improvements LS 1 412,500$         412,500$              
Miscellanous (Yard Piping, etc.) LS 1 407,000$         407,000$              Miscellanous (Yard Piping, etc.) LS 1 206,250$         206,250$              

5,291,000$           2,681,250$           

Clearwells UNIT QUANTITY UNIT PRICE TOTAL PRICE Clearwells UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Clearwell (120-ft diameter) GAL 4,000,000 0.60$               2,400,000$           Clearwell (120-ft diameter) GAL 0 0.60$               -$                      

Electrical and I&C Improvements LS 1 240,000$         240,000$              Electrical and I&C Improvements LS 1 -$                 -$                      
Miscellanous (Yard Piping, etc.) LS 1 240,000$         240,000$              Miscellanous (Yard Piping, etc.) LS 1 -$                 -$                      

2,880,000$           -$                     

Finished Water Pump Station UNIT QUANTITY UNIT PRICE TOTAL PRICE Finished Water Pump Station UNIT QUANTITY UNIT PRICE TOTAL PRICE 
High Service Pumps EA 3 125,000$         375,000$              High Service Pumps EA 1 250,000$         250,000$              

Pumping Station Building SF 3,500 150$                525,000$              Pumping Station Building SF 0 150$                -$                      
Electrical and I&C Improvements LS 1 180,000$         180,000$              Electrical and I&C Improvements LS 1 50,000$           50,000$                

Miscellanous (Piping, etc.) LS 1 450,000$         450,000$              Miscellanous (Piping, etc.) LS 1 125,000$         125,000$              
1,530,000$           425,000$              

Terminal Reservoir UNIT QUANTITY UNIT PRICE TOTAL PRICE Terminal Reservoir UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Topsoil Stripping CY 66000 7.5$                 495,000$              Topsoil Stripping CY 7.5$                 -$                      

Clearing and Grubbing AC 60 6,125$             367,500$              Clearing and Grubbing AC 6,125$             -$                      
Terminal Reservoir Earthwork Cut CY 1471500 6$                    8,829,000$           Terminal Reservoir Earthwork Cut CY 6$                    -$                      
Terminal Reservoir Earthwork Fill CY 1471500 3$                    4,414,500$           Terminal Reservoir Earthwork Fill CY 3$                    -$                      

Terminal Reservoir Liner SF 3100000 0.8$                 2,325,000$           Terminal Reservoir Liner SF 0.5$                 -$                      
16,431,000$         -$                     

41,699,215$         7,988,568$           
1,250,976$           239,657$              

42,950,191$         8,228,225$           
2,084,961$           399,428$              

45,035,152$         8,627,653$           
11,258,788$         2,156,913$           
56,293,940$         10,784,566$         
11,258,788$         2,156,913$           
67,552,728$         12,941,479$         
67,552,728$         12,941,479$         
10,132,909$         1,941,222$           
77,685,638$         14,882,701$         

ALTERNATIVE 4 (Option A): Raw Water Intake, Pump Station and Water Treatment Plant Conceptual Cost Opinion, by Alternative (not including land easement 

acquisition and raw water transmission costs)

Escalation (0%)

Phase 2 Estimated Raw Water PS & Intake Improvements Total Phase 1 Estimated Raw Water PS & Intake Improvements Total 

Contractor Overhead, Profit, General Conditions, and Mobilization (20%)

Subtotal

Escalation - None

Engineer's Design and Construction Admin Fee (15% ) 

Subtotal for Construction 

Site/Civil (3%)

Subtotal

Contingency (25%) 

Yard Piping (5%) Yard Piping (5%)

Subtotal Subtotal

Phase 1 Estimated WTP Total Phase 2 Estimated WTP Total 

Subtotal Subtotal

Engineer's Design and Construction Admin Fee (15% ) Engineer's Design and Construction Admin Fee (15% ) 

Escalation - None

Subtotal Subtotal

Contractor Overhead, Profit, General Conditions, and Mobilization (20%) Contractor Overhead, Profit, General Conditions, and Mobilization (20%)

Subtotal Subtotal

Contingency (25%) Contingency (25%) 

Subtotal for Construction Subtotal for Construction 

Site/Civil (3%) Site/Civil (3%)

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Treatment Plant Processes Treatment Plant Processes 

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal

Contractor Overhead, Profit, General Conditions, and Mobilization (20%)

Subtotal

Escalation (0%)

Engineer's Design and Construction Admin Fee (15% ) 

Subtotal for Construction 

Site/Civil (3%)

Subtotal

Contingency (25%) 

Subtotal
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28 MGD Facility, Phase 3
Raw Water Pump Station & Intake Improvements

UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Intake LS 0 850,000$              -$                           

Raw Water Pumping Station SF 0 200$                    -$                          
6 MGD Vertical Turbine Pumps EA 0 125,000$             -$                          

12 MGD Vertical Turbine Pumps EA 1 250,000$             250,000$                  
Installation LS 1 50,000$               50,000$                    

Emergency Generator LS 1 500,000$             500,000$                  
Piping and Valving LS 1 75,000$               75,000$                    

Electrical and I&C Improvements LS 1 175,000$              175,000$                   
1,050,000$                

1,050,000$                

31,500$                     

1,081,500$                

270,375$                   

1,351,875$                

270,375$                   

1,622,250$                

1,622,250$                

243,338$                   

1,865,588$                

Phase 1-3 Total 8,244,120$                

Rapid Mix UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment EA 1 60,000$                60,000$                     

Tank Construction CY 40 550$                     22,000$                     
Excavation and Backfill CY 70 35$                       2,450$                       
Equipment Installation LS 1 40,000$                40,000$                     

42" Influent Line LF 30 300$                     9,000$                       
 Slide Gates EA 2 25,000$                50,000$                     

Electrical and I&C Improvements L S 1 36,690$                36,690$                     
220,140$                  

Superpulsators UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment EA 1 690,000$              690,000$                   

Tank Construction CY 980 550$                     539,000$                   
Excavation and Backfill CY 470 35$                       16,450$                     
Equipment Installation LS 1 207,000$              207,000$                   
Miscellanous Metals LS 1 25,000$                25,000$                     

Electrical and I&C Improvements LS 1 221,618$              221,618$                   
1,699,068$               

Ozone Contactors UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment (pumps, generators, etc.) EA 1 500,000$              500,000$                   

Tank Construction CY 0 550$                     -$                           
Excavation and Backfill CY 0 50$                       -$                           
Equipment Installation LS 1 100,000$              100,000$                   
Miscellanous Metals LS 0 35,000$                -$                           

Sluice Gates EA 0 25,000$                -$                           
42" DIP Effluent Line LF 0 300$                     -$                           
42" DIP Influent Line LF 0 300$                     -$                           

Electrical and I&C Improvements LS 1 20,000$                20,000$                     
620,000$                  

BioFilters (4 gpm/sf) UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Filter Building SF 0 150$                     -$                           

GAC Filter Media* LBS 283000 1.5$                      424,500$                   
 Underdrain Equipment, Troughs EA 2 180,000$              360,000$                   

Filter Box Construction CY 500 550$                     275,000$                   
Excavation and Backfill CY 600 35$                       21,000$                     
Equipment Installation EA 2 100,000$              200,000$                   
Miscellanous Metals LS 1 25,000$                25,000$                     

Canopy SF 2000 40$                       80,000$                     
Pipe Gallery Piping/Valving EA 2 125,000$              250,000$                   

42" Steel Effluent Line LF 100 300$                     30,000$                     
Electrical and I&C Improvements LS 1 248,200$              248,200$                   

1,913,700$               

 Buildings UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Lab/Admin Building SF 0 150$                     -$                           
Maintenance Shop SF 0 125$                     -$                           

-$                           

Chemical Feed Facilities UNIT QUANTITY UNIT PRICE TOTAL PRICE 
PAC Silo EA 0 300,000$              -$                           

Concrete Pad CY 0 600$                     -$                           
Chemical Feed Pumps EA 0 25,500$                -$                           

Alum Bulk Tanks - 20,000 gallon EA 1 40,000$                40,000$                     
Chemical Feed Pumps EA 0 25,000$                -$                           
Polymer Feed System EA 0 100,000$              -$                           
Polymer Feed Pumps EA 0 25,000$                -$                           

Caustic Bulk Tanks - 10,000 gallon EA 1 25,000$                25,000$                     
Caustic Feed Pumps EA 0 25,000$                -$                           

Hypo Bulk Storage Tank (20,000 gallons) EA 2 40,000$                80,000$                     
Hypo Feed Pumps EA 4 25,000$                100,000$                   

Ammonia Bulk Storage Tank (1000 gallons) EA 0 35,000$                -$                           
Ammonia Feed System EA 0 30,000$                -$                           

Corrosion Inhibitor Bulk Storage Tank (4,000 gallons) EA 0 15,000$                -$                           
Corrosion Inhibitor Feed Pump EA 0 15,000$                -$                           

Fluoride Bulk Storage Tank (4,000 gallons) EA 0 15,000$                -$                           
Fluoride Feed Pumps EA 0 15,000$                -$                           

Chemical Building SF 0 150$                     -$                           
Electrical and I&C Improvements LS 1 36,750$                36,750$                     

Equipment Installation LS 1 45,000$                45,000$                     
326,750$                  

Residuals Handling UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equalization Tank CY 1,000 550$                     550,000$                   

Backwash Settling Units EA 1 350,000$              350,000$                   
Gravity Thickener Eq. and Thickened Sludge PS  LS 1 750,000$              750,000$                   

Gravity Thickener Tank CY 750 550$                     412,500$                   
Centrifuges EA 0 500,000$              -$                           

Dewatering Building SF 0 150$                     -$                           
Thickening Polymer System LS 0 65,000$                -$                           

Centrifuge Pumps EA 0 40,000$                -$                           
Thickened Sludge Storage CY 0 550$                     -$                           

Thickened Sludge Storage Mixer EA 0 75,000$                -$                           
Electrical and I&C Improvements LS 1 412,500$              412,500$                   
Miscellanous (Yard Piping, etc.) LS 1 206,250$              206,250$                   

2,681,250$               

Clearwells UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Clearwell (120-ft diameter) GAL 0 0.60$                    -$                           

Electrical and I&C Improvements LS 1 -$                      -$                           
Miscellanous (Yard Piping, etc.) LS 1 -$                      -$                           

-$                          

Finished Water Pump Station UNIT QUANTITY UNIT PRICE TOTAL PRICE 
High Service Pumps EA 1 250,000$              250,000$                   

Pumping Station Building SF 0 150$                     -$                           
Electrical and I&C Improvements LS 1 50,000$                50,000$                     

Miscellanous (Piping, etc.) LS 1 125,000$              125,000$                   
425,000$                  

Terminal Reservoir UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Topsoil Stripping CY 7.5$                      -$                           

Clearing and Grubbing AC 6,125$                  -$                           
Terminal Reservoir Earthwork Cut CY 6$                         -$                           
Terminal Reservoir Earthwork Fill CY 3$                         -$                           

Terminal Reservoir Liner SF 0.5$                      -$                           
-$                          

7,885,908$                
236,577$                   

8,122,485$                
394,295$                   

8,516,780$                
2,129,195$                

10,645,975$              
2,129,195$                

12,775,170$              
12,775,170$              
1,916,276$                

14,691,446$              

Phase 1-3 Total 107,259,784$            

(CONTINUED ) ALTERNATIVE 4 (Option A): Raw Water Intake, Pump Station and Water Treatment Plant Conceptual Cost 

Opinion, by Alternative (not including land easement acquisition and raw water transmission costs)

Escalation (0%)

Contractor Overhead, Profit, General Conditions, and Mobilization (20%)

Subtotal

Escalation (0%)

Engineer's Design and Construction Admin Fee (15% ) 

Phase 3 Estimated Raw Water PS & Intake Improvements Total 

Subtotal for Construction 

Site/Civil (3%)

Subtotal

Contingency (25%) 

Subtotal

Yard Piping (5%)

Subtotal

Phase 3 Estimated WTP Total 

Subtotal

Engineer's Design and Construction Admin Fee (15% ) 

Subtotal

Contractor Overhead, Profit, General Conditions, and Mobilization (20%)

Subtotal

Contingency (25%) 

Subtotal for Construction 

Site/Civil (3%)

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Treatment Plant Processes 

Subtotal 

Subtotal 
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12 MGD Facility, Phase 1 20 MGD Facility, Phase 2
Raw Water Pump Station & Intake Improvements Raw Water Pump Station & Intake Improvements

UNIT QUANTITY UNIT PRICE TOTAL PRICE UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Cost of Raney Well EA 1  $      7,500,000 7,500,000 Cost of Raney Well EA 1  $      7,500,000 7,500,000

Permitting Cost LS 0 50,000$          50,000 Permitting Cost LS 0 50,000$          0

Intake LS 0 1,000,000$     -$                     Intake LS 0 850,000$        -$                     
Raw Water Pumping Station SF 0 200$               -$                     Raw Water Pumping Station SF 0 150$               -$                     

6 MGD Vertical Turbine Pumps EA 0 125,000$        -$                     8 MGD Vertical Turbine Pumps EA 2 170,000$        340,000$             
12 MGD Vertical Turbine Pumps EA 2 250,000$        500,000$             

Installation LS 1 150,000$        150,000$             Installation LS 1 50,000$          50,000$               
Emergency Generator LS 1 500,000$        500,000$             Emergency Generator LS 0 500,000$        -$                     

Piping and Valving LS 1 150,000$        150,000$             Piping and Valving LS 1 75,000$          75,000$               
Electrical and I&C Improvements LS 1 260,000$         260,000$              Electrical and I&C Improvements LS 1 93,000$           93,000$                

9,110,000$           8,058,000$           

9,110,000$           8,058,000$           

273,300$              241,740$              

9,383,300$           8,299,740$           

2,345,825$           2,074,935$           

11,729,125$         10,374,675$         

2,345,825$           2,074,935$           

14,074,950$         12,449,610$         

14,074,950$         12,449,610$         

2,111,243$           1,867,442$           

16,186,193$         14,317,052$         

Rapid Mix UNIT QUANTITY UNIT PRICE TOTAL PRICE Rapid Mix UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment EA 2 60,000$           120,000$              Equipment EA 0 60,000$           -$                      

Tank Construction CY 80 550$                44,000$                Tank Construction CY 0 550$                -$                      
Excavation and Backfill CY 140 35$                  4,900$                  Excavation and Backfill CY 0 35$                  -$                      
Equipment Installation LS 1 110,000$         110,000$              Equipment Installation LS 0 -$                 -$                      

42" Influent Line LF 150 300$                45,000$                42" Influent Line LF 0 300$                -$                      
 Slide Gates EA 4 25,000$           100,000$               Slide Gates EA 0 25,000$           -$                      

Electrical and I&C Improvements L S 1 84,780$           84,780$                Electrical and I&C Improvements L S 0 -$                 -$                      
508,680$              -$                     

Superpulsators UNIT QUANTITY UNIT PRICE TOTAL PRICE Superpulsators UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment EA 2 690,000$         1,380,000$           Equipment EA 1 690,000$         690,000$              

Tank Construction CY 1857 550$                1,021,350$           Tank Construction CY 980 550$                539,000$              
Excavation and Backfill CY 930 35$                  32,550$                Excavation and Backfill CY 470 35$                  16,450$                
Equipment Installation LS 1 414,000$         414,000$              Equipment Installation LS 1 207,000$         207,000$              

Miscellanous Metals LS 1 50,000$           50,000$                Miscellanous Metals LS 1 25,000$           25,000$                
Electrical and I&C Improvements LS 1 434,685$         434,685$              Electrical and I&C Improvements LS 1 221,618$         221,618$              

3,332,585$           1,699,068$           

Ozone Contactors UNIT QUANTITY UNIT PRICE TOTAL PRICE Ozone Contactors UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment (pumps, generators, etc.) EA 1 1,000,000$      1,000,000$           Equipment (pumps, generators, etc.) EA 1 500,000$         500,000$              

Tank Construction CY 1000 550$                550,000$              Tank Construction CY 500 550$                275,000$              
Excavation and Backfill CY 360 50$                  18,000$                Excavation and Backfill CY 180 50$                  9,000$                  
Equipment Installation LS 1 250,000$         250,000$              Equipment Installation LS 1 100,000$         100,000$              

Miscellanous Metals LS 1 65,000$           65,000$                Miscellanous Metals LS 1 35,000$           35,000$                
Sluice Gates EA 4 25,000$           100,000$              Sluice Gates EA 2 25,000$           50,000$                

42" DIP Effluent Line LF 380 300$                114,000$              42" DIP Effluent Line LF 50 300$                15,000$                
42" DIP Influent Line LF 60 300$                18,000$                42" DIP Influent Line LF 25 300$                7,500$                  

Electrical and I&C Improvements LS 1 223,000$         223,000$              Electrical and I&C Improvements LS 1 98,300$           98,300$                
2,338,000$           1,089,800$           

BioFilters (4 gpm/sf) UNIT QUANTITY UNIT PRICE TOTAL PRICE BioFilters (4 gpm/sf) UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Filter Building SF 1800 150$                270,000$              Filter Building SF 0 150$                -$                      

GAC Filter Media* LBS 565000 1.5$                 847,500$              GAC Filter Media* LBS 283000 1.5$                 424,500$              
 Underdrain Equipment, Troughs EA 4 180,000$         720,000$               Underdrain Equipment, Troughs EA 2 180,000$         360,000$              

Filter Box Construction CY 1000 550$                550,000$              Filter Box Construction CY 500 550$                275,000$              
Excavation and Backfill CY 1200 35$                  42,000$                Excavation and Backfill CY 600 35$                  21,000$                
Equipment Installation EA 4 100,000$         400,000$              Equipment Installation EA 2 100,000$         200,000$              

Miscellanous Metals LS 1 50,000$           50,000$                Miscellanous Metals LS 1 25,000$           25,000$                
Canopy SF 4000 40$                  160,000$              Canopy SF 2000 40$                  80,000$                

Pipe Gallery Piping/Valving EA 4 125,000$         500,000$              Pipe Gallery Piping/Valving EA 2 125,000$         250,000$              
42" Steel Effluent Line LF 200 300$                60,000$                42" Steel Effluent Line LF 100 300$                30,000$                

Electrical and I&C Improvements LS 1 496,400$         496,400$              Electrical and I&C Improvements LS 1 248,200$         248,200$              
3,825,900$           1,913,700$           

 Buildings UNIT QUANTITY UNIT PRICE TOTAL PRICE  Buildings UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Lab/Admin Building SF 6,000 200$                1,200,000$           Lab/Admin Building SF 0 150$                -$                      
Maintenance Shop SF 1,500 125$                187,500$              Maintenance Shop SF 0 125$                -$                      

1,387,500$           -$                      

Chemical Feed Facilities UNIT QUANTITY UNIT PRICE TOTAL PRICE Chemical Feed Facilities UNIT QUANTITY UNIT PRICE TOTAL PRICE 
PAC Silo EA 1 300,000$         300,000$              PAC Silo EA 0 300,000$         -$                      

Concrete Pad CY 10 600$                6,000$                  Concrete Pad CY 0 600$                -$                      
Chemical Feed Pumps EA 2 25,500$           51,000$                Chemical Feed Pumps EA 0 25,500$           -$                      

Alum Bulk Tanks - 20,000 gallon EA 2 40,000$           80,000$                Alum Bulk Tanks - 20,000 gallon EA 1 40,000$           40,000$                
Chemical Feed Pumps EA 2 25,000$           50,000$                Chemical Feed Pumps EA 0 25,000$           -$                      

Polymer Feed System EA 2 100,000$         200,000$              Polymer Feed System EA 0 100,000$         -$                      
Polymer Feed Pumps EA 4 25,000$           100,000$              Polymer Feed Pumps EA 0 25,000$           -$                      

Caustic Bulk Tanks - 10,000 gallon EA 2 25,000$           50,000$                Caustic Bulk Tanks - 10,000 gallon EA 1 25,000$           25,000$                
Caustic Feed Pumps EA 2 25,000$           50,000$                Caustic Feed Pumps EA 0 25,000$           -$                      

Hypo Bulk Storage Tank (20,000 gallons) EA 3 40,000$           120,000$              Hypo Bulk Storage Tank (20,000 gallons) EA 1 40,000$           40,000$                
Hypo Feed Pumps EA 4 25,000$           100,000$              Hypo Feed Pumps EA 0 25,000$           -$                      

Ammonia Bulk Storage Tank (1000 gallons) EA 1 35,000$           35,000$                Ammonia Bulk Storage Tank (1000 gallons) EA 1 35,000$           35,000$                
Ammonia Feed System EA 2 30,000$           60,000$                Ammonia Feed System EA 0 30,000$           -$                      

Corrosion Inhibitor Bulk Storage Tank (4,000 gallons) EA 1 15,000$           15,000$                Corrosion Inhibitor Bulk Storage Tank (4,000 gallons) EA 0 15,000$           -$                      
Corrosion Inhibitor Feed Pump EA 2 15,000$           30,000$                Corrosion Inhibitor Feed Pump EA 0 15,000$           -$                      

Fluoride Bulk Storage Tank (4,000 gallons) EA 1 15,000$           15,000$                Fluoride Bulk Storage Tank (4,000 gallons) EA 0 15,000$           -$                      
Fluoride Feed Pumps EA 2 15,000$           30,000$                Fluoride Feed Pumps EA 0 15,000$           -$                      

Chemical Building SF 15000 150$                2,250,000$           Chemical Building SF 0 150$                -$                      
Electrical and I&C Improvements LS 1 531,300$         531,300$              Electrical and I&C Improvements LS 1 21,000$           21,000$                

Equipment Installation LS 1 101,250$         101,250$              Equipment Installation LS 1 18,750$           18,750$                

4,174,550$           179,750$              

Residuals Handling UNIT QUANTITY UNIT PRICE TOTAL PRICE Residuals Handling UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equalization Tank CY 1,000 550$                550,000$              Equalization Tank CY 1,000 550$                550,000$              

Backwash Settling Units EA 2 350,000$         700,000$              Backwash Settling Units EA 1 350,000$         350,000$              
Gravity Thickener Eq. and Thickened Sludge PS  LS 1 750,000$         750,000$              Gravity Thickener Eq. and Thickened Sludge PS  LS 1 750,000$         750,000$              

Gravity Thickener Tank CY 750 550$                412,500$              Gravity Thickener Tank CY 750 550$                412,500$              
Centrifuges EA 2 500,000$         1,000,000$           Centrifuges EA 0 500,000$         -$                      

Dewatering Building SF 2,000 150$                300,000$              Dewatering Building SF 0 150$                -$                      
Thickening Polymer System LS 1 65,000$           65,000$                Thickening Polymer System LS 0 65,000$           -$                      

Centrifuge Pumps EA 2 40,000$           80,000$                Centrifuge Pumps EA 0 40,000$           -$                      
Thickened Sludge Storage CY 250 550$                137,500$              Thickened Sludge Storage CY 0 550$                -$                      

Thickened Sludge Storage Mixer EA 1 75,000$           75,000$                Thickened Sludge Storage Mixer EA 0 75,000$           -$                      
Electrical and I&C Improvements LS 1 814,000$         814,000$              Electrical and I&C Improvements LS 1 412,500$         412,500$              
Miscellanous (Yard Piping, etc.) LS 1 407,000$         407,000$              Miscellanous (Yard Piping, etc.) LS 1 206,250$         206,250$              

5,291,000$           2,681,250$           

Clearwells UNIT QUANTITY UNIT PRICE TOTAL PRICE Clearwells UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Clearwell (120-ft diameter) GAL 4,000,000 0.60$               2,400,000$           Clearwell (120-ft diameter) GAL 0 0.60$               -$                      

Electrical and I&C Improvements LS 1 240,000$         240,000$              Electrical and I&C Improvements LS 1 -$                 -$                      
Miscellanous (Yard Piping, etc.) LS 1 240,000$         240,000$              Miscellanous (Yard Piping, etc.) LS 1 -$                 -$                      

2,880,000$           -$                     

Finished Water Pump Station UNIT QUANTITY UNIT PRICE TOTAL PRICE Finished Water Pump Station UNIT QUANTITY UNIT PRICE TOTAL PRICE 
High Service Pumps EA 3 125,000$         375,000$              High Service Pumps EA 1 250,000$         250,000$              

Pumping Station Building SF 3,500 150$                525,000$              Pumping Station Building SF 0 150$                -$                      
Electrical and I&C Improvements LS 1 180,000$         180,000$              Electrical and I&C Improvements LS 1 50,000$           50,000$                

Miscellanous (Piping, etc.) LS 1 450,000$         450,000$              Miscellanous (Piping, etc.) LS 1 125,000$         125,000$              
1,530,000$           425,000$              

25,268,215$         7,988,568$           
758,046$              239,657$              

26,026,261$         8,228,225$           
1,263,411$           399,428$              

27,289,672$         8,627,653$           
6,822,418$           2,156,913$           

34,112,090$         10,784,566$         
6,822,418$           2,156,913$           

40,934,508$         12,941,479$         
40,934,508$         12,941,479$         

6,140,176$           1,941,222$           
47,074,685$         14,882,701$         

ALTERNATIVE 4 (Option B): Raw Water Intake, Pump Station and Water Treatment Plant Conceptual Cost Opinion, by Alternative (not including land easement 

acquisition and raw water transmission costs)

Escalation - None Escalation (0%)

Phase 1 Estimated Raw Water PS & Intake Improvements Total Phase 2 Estimated Raw Water PS & Intake Improvements Total 

Contractor Overhead, Profit, General Conditions, and Mobilization (20%)

Subtotal

Escalation - None

Engineer's Design and Construction Admin Fee (15% ) 

Subtotal for Construction 

Site/Civil (3%)

Subtotal

Contingency (25%) 

Subtotal

Contractor Overhead, Profit, General Conditions, and Mobilization (20%)

Subtotal

Escalation (0%)

Engineer's Design and Construction Admin Fee (15% ) 

Subtotal for Construction 

Site/Civil (3%)

Subtotal

Contingency (25%) 

Subtotal

Phase 1 Estimated WTP Total Phase 2 Estimated WTP Total 

Subtotal Subtotal

Engineer's Design and Construction Admin Fee (15% ) Engineer's Design and Construction Admin Fee (15% ) 

Subtotal Subtotal

Contractor Overhead, Profit, General Conditions, and Mobilization (20%) Contractor Overhead, Profit, General Conditions, and Mobilization (20%)

Subtotal Subtotal

Contingency (25%) Contingency (25%) 

Yard Piping (5%) Yard Piping (5%)

Subtotal Subtotal

Subtotal for Construction Subtotal for Construction 

Site/Civil (3%) Site/Civil (3%)

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Treatment Plant Processes Treatment Plant Processes 

Subtotal Subtotal 

Subtotal Subtotal 
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28 MGD Facility, Phase 3
Raw Water Pump Station & Intake Improvements

UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Cost of Raney Well EA 1  $            7,500,000 7,500,000

Permitting Cost LS 0 50,000$                 0

Intake LS 0 850,000$               -$                         
Raw Water Pumping Station SF 0 150$                      -$                         

8 MGD Vertical Turbine Pumps EA 2 170,000$               340,000$                 

Installation LS 1 50,000$                 50,000$                   
Emergency Generator LS 1 500,000$               500,000$                 

Piping and Valving LS 1 75,000$                 75,000$                   
Electrical and I&C Improvements LS 1 193,000$                193,000$                  

8,658,000$               

8,658,000$               

259,740$                  

8,917,740$               

2,229,435$               

11,147,175$             

2,229,435$               

13,376,610$             

13,376,610$             

2,006,492$               

15,383,102$             

Phase 1-3 Total 45,886,346$             

Rapid Mix UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment EA 1 60,000$                  60,000$                    

Tank Construction CY 40 550$                       22,000$                    
Excavation and Backfill CY 70 35$                         2,450$                      
Equipment Installation LS 1 40,000$                  40,000$                    

42" Influent Line LF 30 300$                       9,000$                      
 Slide Gates EA 2 25,000$                  50,000$                    

Electrical and I&C Improvements L S 1 36,690$                  36,690$                    
220,140$                 

Superpulsators UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment EA 1 690,000$                690,000$                  

Tank Construction CY 980 550$                       539,000$                  
Excavation and Backfill CY 470 35$                         16,450$                    
Equipment Installation LS 1 207,000$                207,000$                  
Miscellanous Metals LS 1 25,000$                  25,000$                    

Electrical and I&C Improvements LS 1 221,618$                221,618$                  
1,699,068$              

Ozone Contactors UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment (pumps, generators, etc.) EA 1 500,000$                500,000$                  

Tank Construction CY 0 550$                       -$                          
Excavation and Backfill CY 0 50$                         -$                          
Equipment Installation LS 1 100,000$                100,000$                  
Miscellanous Metals LS 0 35,000$                  -$                          

Sluice Gates EA 0 25,000$                  -$                          
42" DIP Effluent Line LF 0 300$                       -$                          
42" DIP Influent Line LF 0 300$                       -$                          

Electrical and I&C Improvements LS 1 20,000$                  20,000$                    
620,000$                 

BioFilters (4 gpm/sf) UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Filter Building SF 0 150$                       -$                          

GAC Filter Media* LBS 283000 1.5$                        424,500$                  
 Underdrain Equipment, Troughs EA 2 180,000$                360,000$                  

Filter Box Construction CY 500 550$                       275,000$                  
Excavation and Backfill CY 600 35$                         21,000$                    
Equipment Installation EA 2 100,000$                200,000$                  
Miscellanous Metals LS 1 25,000$                  25,000$                    

Canopy SF 2000 40$                         80,000$                    
Pipe Gallery Piping/Valving EA 2 125,000$                250,000$                  

42" Steel Effluent Line LF 100 300$                       30,000$                    
Electrical and I&C Improvements LS 1 248,200$                248,200$                  

1,913,700$              

 Buildings UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Lab/Admin Building SF 0 150$                       -$                          
Maintenance Shop SF 0 125$                       -$                          

-$                          

Chemical Feed Facilities UNIT QUANTITY UNIT PRICE TOTAL PRICE 
PAC Silo EA 0 300,000$                -$                          

Concrete Pad CY 0 600$                       -$                          
Chemical Feed Pumps EA 0 25,500$                  -$                          

Alum Bulk Tanks - 20,000 gallon EA 1 40,000$                  40,000$                    
Chemical Feed Pumps EA 0 25,000$                  -$                          
Polymer Feed System EA 0 100,000$                -$                          
Polymer Feed Pumps EA 0 25,000$                  -$                          

Caustic Bulk Tanks - 10,000 gallon EA 1 25,000$                  25,000$                    
Caustic Feed Pumps EA 0 25,000$                  -$                          

Hypo Bulk Storage Tank (20,000 gallons) EA 2 40,000$                  80,000$                    
Hypo Feed Pumps EA 4 25,000$                  100,000$                  

Ammonia Bulk Storage Tank (1000 gallons) EA 0 35,000$                  -$                          
Ammonia Feed System EA 0 30,000$                  -$                          

Corrosion Inhibitor Bulk Storage Tank (4,000 gallons) EA 0 15,000$                  -$                          
Corrosion Inhibitor Feed Pump EA 0 15,000$                  -$                          

Fluoride Bulk Storage Tank (4,000 gallons) EA 0 15,000$                  -$                          
Fluoride Feed Pumps EA 0 15,000$                  -$                          

Chemical Building SF 0 150$                       -$                          
Electrical and I&C Improvements LS 1 36,750$                  36,750$                    

Equipment Installation LS 1 45,000$                 45,000$                   

326,750$                 

Residuals Handling UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equalization Tank CY 1,000 550$                       550,000$                  

Backwash Settling Units EA 1 350,000$                350,000$                  
Gravity Thickener Eq. and Thickened Sludge PS  LS 1 750,000$                750,000$                  

Gravity Thickener Tank CY 750 550$                       412,500$                  
Centrifuges EA 0 500,000$                -$                          

Dewatering Building SF 0 150$                       -$                          
Thickening Polymer System LS 0 65,000$                  -$                          

Centrifuge Pumps EA 0 40,000$                  -$                          
Thickened Sludge Storage CY 0 550$                       -$                          

Thickened Sludge Storage Mixer EA 0 75,000$                  -$                          
Electrical and I&C Improvements LS 1 412,500$                412,500$                  
Miscellanous (Yard Piping, etc.) LS 1 206,250$                206,250$                  

2,681,250$              

Clearwells UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Clearwell (120-ft diameter) GAL 0 0.60$                      -$                          

Electrical and I&C Improvements LS 1 -$                        -$                          
Miscellanous (Yard Piping, etc.) LS 1 -$                        -$                          

-$                         

Finished Water Pump Station UNIT QUANTITY UNIT PRICE TOTAL PRICE 
High Service Pumps EA 1 250,000$                250,000$                  

Pumping Station Building SF 0 150$                       -$                          
Electrical and I&C Improvements LS 1 50,000$                  50,000$                    

Miscellanous (Piping, etc.) LS 1 125,000$                125,000$                  
425,000$                 

7,885,908$               
236,577$                  

8,122,485$               
394,295$                  

8,516,780$               
2,129,195$               

10,645,975$             
2,129,195$               

12,775,170$             
12,775,170$             
1,916,276$               

14,691,446$             

Phase 1-3 Total 76,648,831$             

(CONTINUED ) ALTERNATIVE 4 (Option B): Raw Water Intake, Pump Station and Water Treatment Plant Conceptual Cost 

Opinion, by Alternative (not including land easement acquisition and raw water transmission costs)

Contractor Overhead, Profit, General Conditions, and Mobilization (20%)

Subtotal

Escalation (0%)

Engineer's Design and Construction Admin Fee (15% ) 

Phase 3 Estimated Raw Water PS & Intake Improvements Total 

Subtotal for Construction 

Site/Civil (3%)

Subtotal

Contingency (25%) 

Subtotal

Phase 3 Estimated WTP Total 

Subtotal

Engineer's Design and Construction Admin Fee (15% ) 

Escalation (0%)

Subtotal

Contractor Overhead, Profit, General Conditions, and Mobilization (20%)

Subtotal

Contingency (25%) 

Yard Piping (5%)

Subtotal

Subtotal for Construction 

Site/Civil (3%)

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Treatment Plant Processes 

Subtotal 

Subtotal 
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12 MGD Facility, Phase 1 20 MGD Facility, Phase 2
Raw Water Pump Station & Intake Improvements Raw Water Pump Station & Intake Improvements

UNIT QUANTITY UNIT PRICE TOTAL PRICE UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Cost of Dam 3'x3'x200' + 2860 CF Intake Structure LS 1 7,500,000$        7,500,000

cost of permitting LS 0 50,000$             50,000

Flat Screen Intake LS 1 100,000$           100,000$                Intake LS 0 850,000$           -$                        
Raw Water Pumping Station SF 2000 200$                  400,000$                Raw Water Pumping Station SF 0 150$                  -$                        

6 MGD Vertical Turbine Pumps EA 2 125,000$           250,000$                12 MGD Vertical Turbine Pumps EA 1 250,000$           250,000$                
12 MGD Vertical Turbine Pumps EA 1 250,000$           250,000$                

Installation LS 1 150,000$           150,000$                Installation LS 1 50,000$             50,000$                  
Emergency Generator LS 1 500,000$           500,000$                Emergency Generator LS 0 500,000$           -$                        

Piping and Valving LS 1 150,000$           150,000$                Piping and Valving LS 1 75,000$             75,000$                  
Electrical and I&C Improvements LS 1 340,000$           340,000$                Electrical and I&C Improvements LS 1 75,000$             75,000$                  

9,690,000$             450,000$                

9,690,000$             450,000$                

290,700$                13,500$                  

9,980,700$             463,500$                

2,495,175$             115,875$                

12,475,875$           579,375$                

2,495,175$             115,875$                

14,971,050$           695,250$                

14,971,050$           695,250$                

2,245,658$             104,288$                

17,216,708$           799,538$                

Rapid Mix UNIT QUANTITY UNIT PRICE TOTAL PRICE Rapid Mix UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment EA 2 60,000$             120,000$                Equipment EA 0 60,000$             -$                        

Tank Construction CY 80 550$                  44,000$                  Tank Construction CY 0 550$                  -$                        
Excavation and Backfill CY 140 35$                    4,900$                    Excavation and Backfill CY 0 35$                    -$                        
Equipment Installation LS 1 110,000$           110,000$                Equipment Installation LS 0 -$                  -$                        

42" Influent Line LF 150 300$                  45,000$                  42" Influent Line LF 0 300$                  -$                        
 Slide Gates EA 4 25,000$             100,000$                 Slide Gates EA 0 25,000$             -$                        

Electrical and I&C Improvements L S 1 84,780$             84,780$                  Electrical and I&C Improvements L S 0 -$                  -$                        
508,680$               -$                       

Superpulsators UNIT QUANTITY UNIT PRICE TOTAL PRICE Superpulsators UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment EA 2 690,000$           1,380,000$             Equipment EA 1 690,000$           690,000$                

Tank Construction CY 1857 550$                  1,021,350$             Tank Construction CY 980 550$                  539,000$                
Excavation and Backfill CY 930 35$                    32,550$                  Excavation and Backfill CY 470 35$                    16,450$                  
Equipment Installation LS 1 414,000$           414,000$                Equipment Installation LS 1 207,000$           207,000$                
Miscellanous Metals LS 1 50,000$             50,000$                  Miscellanous Metals LS 1 25,000$             25,000$                  

Electrical and I&C Improvements LS 1 434,685$           434,685$                Electrical and I&C Improvements LS 1 221,618$           221,618$                
3,332,585$            1,699,068$            

Ozone Contactors UNIT QUANTITY UNIT PRICE TOTAL PRICE Ozone Contactors UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment (pumps, generators, etc.) EA 1 1,000,000$        1,000,000$             Equipment (pumps, generators, etc.) EA 1 500,000$           500,000$                

Tank Construction CY 1000 550$                  550,000$                Tank Construction CY 500 550$                  275,000$                
Excavation and Backfill CY 360 50$                    18,000$                  Excavation and Backfill CY 180 50$                    9,000$                    
Equipment Installation LS 1 250,000$           250,000$                Equipment Installation LS 1 100,000$           100,000$                
Miscellanous Metals LS 1 65,000$             65,000$                  Miscellanous Metals LS 1 35,000$             35,000$                  

Sluice Gates EA 4 25,000$             100,000$                Sluice Gates EA 2 25,000$             50,000$                  
42" DIP Effluent Line LF 380 300$                  114,000$                42" DIP Effluent Line LF 50 300$                  15,000$                  
42" DIP Influent Line LF 60 300$                  18,000$                  42" DIP Influent Line LF 25 300$                  7,500$                    

Electrical and I&C Improvements LS 1 223,000$           223,000$                Electrical and I&C Improvements LS 1 98,300$             98,300$                  
2,338,000$            1,089,800$            

BioFilters (4 gpm/sf) UNIT QUANTITY UNIT PRICE TOTAL PRICE BioFilters (4 gpm/sf) UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Filter Building SF 1800 150$                  270,000$                Filter Building SF 0 150$                  -$                        

GAC Filter Media* LBS 565000 1.5$                   847,500$                GAC Filter Media* LBS 283000 1.5$                   424,500$                
 Underdrain Equipment, Troughs EA 4 180,000$           720,000$                 Underdrain Equipment, Troughs EA 2 180,000$           360,000$                

Filter Box Construction CY 1000 550$                  550,000$                Filter Box Construction CY 500 550$                  275,000$                
Excavation and Backfill CY 1200 35$                    42,000$                  Excavation and Backfill CY 600 35$                    21,000$                  
Equipment Installation EA 4 100,000$           400,000$                Equipment Installation EA 2 100,000$           200,000$                
Miscellanous Metals LS 1 50,000$             50,000$                  Miscellanous Metals LS 1 25,000$             25,000$                  

Canopy SF 4000 40$                    160,000$                Canopy SF 2000 40$                    80,000$                  
Pipe Gallery Piping/Valving EA 4 125,000$           500,000$                Pipe Gallery Piping/Valving EA 2 125,000$           250,000$                

42" Steel Effluent Line LF 200 300$                  60,000$                  42" Steel Effluent Line LF 100 300$                  30,000$                  
Electrical and I&C Improvements LS 1 496,400$           496,400$                Electrical and I&C Improvements LS 1 248,200$           248,200$                

3,825,900$            1,913,700$            

 Buildings UNIT QUANTITY UNIT PRICE TOTAL PRICE  Buildings UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Lab/Admin Building SF 6,000 200$                  1,200,000$             Lab/Admin Building SF 0 150$                  -$                        
Maintenance Shop SF 1,500 125$                  187,500$                Maintenance Shop SF 0 125$                  -$                        

1,387,500$             -$                        

Chemical Feed Facilities UNIT QUANTITY UNIT PRICE TOTAL PRICE Chemical Feed Facilities UNIT QUANTITY UNIT PRICE TOTAL PRICE 
PAC Silo EA 1 300,000$           300,000$                PAC Silo EA 0 300,000$           -$                        

Concrete Pad CY 10 600$                  6,000$                    Concrete Pad CY 0 600$                  -$                        
Chemical Feed Pumps EA 2 25,500$             51,000$                  Chemical Feed Pumps EA 0 25,500$             -$                        

Alum Bulk Tanks - 20,000 gallon EA 2 40,000$             80,000$                  Alum Bulk Tanks - 20,000 gallon EA 1 40,000$             40,000$                  
Chemical Feed Pumps EA 2 25,000$             50,000$                  Chemical Feed Pumps EA 0 25,000$             -$                        

Polymer Feed System EA 2 100,000$           200,000$                Polymer Feed System EA 0 100,000$           -$                        
Polymer Feed Pumps EA 4 25,000$             100,000$                Polymer Feed Pumps EA 0 25,000$             -$                        

Caustic Bulk Tanks - 10,000 gallon EA 2 25,000$             50,000$                  Caustic Bulk Tanks - 10,000 gallon EA 1 25,000$             25,000$                  
Caustic Feed Pumps EA 2 25,000$             50,000$                  Caustic Feed Pumps EA 0 25,000$             -$                        

Hypo Bulk Storage Tank (20,000 gallons) EA 3 40,000$             120,000$                Hypo Bulk Storage Tank (20,000 gallons) EA 1 40,000$             40,000$                  
Hypo Feed Pumps EA 4 25,000$             100,000$                Hypo Feed Pumps EA 0 25,000$             -$                        

Ammonia Bulk Storage Tank (1000 gallons) EA 1 35,000$             35,000$                  Ammonia Bulk Storage Tank (1000 gallons) EA 1 35,000$             35,000$                  
Ammonia Feed System EA 2 30,000$             60,000$                  Ammonia Feed System EA 0 30,000$             -$                        

Corrosion Inhibitor Bulk Storage Tank (4,000 gallons) EA 1 15,000$             15,000$                  Corrosion Inhibitor Bulk Storage Tank (4,000 gallons) EA 0 15,000$             -$                        
Corrosion Inhibitor Feed Pump EA 2 15,000$             30,000$                  Corrosion Inhibitor Feed Pump EA 0 15,000$             -$                        

Fluoride Bulk Storage Tank (4,000 gallons) EA 1 15,000$             15,000$                  Fluoride Bulk Storage Tank (4,000 gallons) EA 0 15,000$             -$                        
Fluoride Feed Pumps EA 2 15,000$             30,000$                  Fluoride Feed Pumps EA 0 15,000$             -$                        

Chemical Building SF 15000 150$                  2,250,000$             Chemical Building SF 0 150$                  -$                        
Electrical and I&C Improvements LS 1 531,300$           531,300$                Electrical and I&C Improvements LS 1 21,000$             21,000$                  

Equipment Installation LS 1 101,250$          101,250$               Equipment Installation LS 1 18,750$            18,750$                 

4,174,550$            179,750$               

Residuals Handling UNIT QUANTITY UNIT PRICE TOTAL PRICE Residuals Handling UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equalization Tank CY 1,000 550$                  550,000$                Equalization Tank CY 1,000 550$                  550,000$                

Backwash Settling Units EA 2 350,000$           700,000$                Backwash Settling Units EA 1 350,000$           350,000$                
Gravity Thickener Eq. and Thickened Sludge PS  LS 1 750,000$           750,000$                Gravity Thickener Eq. and Thickened Sludge PS  LS 1 750,000$           750,000$                

Gravity Thickener Tank CY 750 550$                  412,500$                Gravity Thickener Tank CY 750 550$                  412,500$                
Centrifuges EA 2 500,000$           1,000,000$             Centrifuges EA 0 500,000$           -$                        

Dewatering Building SF 2,000 150$                  300,000$                Dewatering Building SF 0 150$                  -$                        
Thickening Polymer System LS 1 65,000$             65,000$                  Thickening Polymer System LS 0 65,000$             -$                        

Centrifuge Pumps EA 2 40,000$             80,000$                  Centrifuge Pumps EA 0 40,000$             -$                        
Thickened Sludge Storage CY 250 550$                  137,500$                Thickened Sludge Storage CY 0 550$                  -$                        

Thickened Sludge Storage Mixer EA 1 75,000$             75,000$                  Thickened Sludge Storage Mixer EA 0 75,000$             -$                        
Electrical and I&C Improvements LS 1 814,000$           814,000$                Electrical and I&C Improvements LS 1 412,500$           412,500$                
Miscellanous (Yard Piping, etc.) LS 1 407,000$           407,000$                Miscellanous (Yard Piping, etc.) LS 1 206,250$           206,250$                

5,291,000$            2,681,250$            

Clearwells UNIT QUANTITY UNIT PRICE TOTAL PRICE Clearwells UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Clearwell (120-ft diameter) GAL 4,000,000 0.60$                 2,400,000$             Clearwell (120-ft diameter) GAL 0 0.60$                 -$                        

Electrical and I&C Improvements LS 1 240,000$           240,000$                Electrical and I&C Improvements LS 1 -$                  -$                        
Miscellanous (Yard Piping, etc.) LS 1 240,000$           240,000$                Miscellanous (Yard Piping, etc.) LS 1 -$                  -$                        

2,880,000$            -$                       

Finished Water Pump Station UNIT QUANTITY UNIT PRICE TOTAL PRICE Finished Water Pump Station UNIT QUANTITY UNIT PRICE TOTAL PRICE 
High Service Pumps EA 3 125,000$           375,000$                High Service Pumps EA 1 250,000$           250,000$                

Pumping Station Building SF 3,500 150$                  525,000$                Pumping Station Building SF 0 150$                  -$                        
Electrical and I&C Improvements LS 1 180,000$           180,000$                Electrical and I&C Improvements LS 1 50,000$             50,000$                  

Miscellanous (Piping, etc.) LS 1 450,000$           450,000$                Miscellanous (Piping, etc.) LS 1 125,000$           125,000$                
1,530,000$            425,000$               

Terminal Reservoir UNIT QUANTITY UNIT PRICE TOTAL PRICE Terminal Reservoir UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Topsoil Stripping CY 99000 7.5$                   742,500$                Topsoil Stripping CY 7.5$                   -$                        

Clearing and Grubbing AC 90 6,125$               551,250$                Clearing and Grubbing AC 6,125$               -$                        
Terminal Reservoir Earthwork Cut CY 2204500 6$                      13,227,000$           Terminal Reservoir Earthwork Cut CY 6$                      -$                        
Terminal Reservoir Earthwork Fill CY 2204500 3$                      6,613,500$             Terminal Reservoir Earthwork Fill CY 3$                      -$                        

Terminal Reservoir Liner SF 2071371 0.8$                   1,553,528$             Terminal Reservoir Liner SF 0.5$                   -$                        
22,687,778$          -$                       

47,955,993$           7,988,568$             
1,438,680$             239,657$                

49,394,673$           8,228,225$             
2,397,800$             399,428$                

51,792,473$           8,627,653$             
12,948,118$           2,156,913$             
64,740,591$           10,784,566$           
12,948,118$           2,156,913$             
77,688,709$           12,941,479$           
77,688,709$           12,941,479$           
11,653,306$           1,941,222$             
89,342,015$           14,882,701$           

ALTERNATIVE 5 (Option A): Raw Water Intake, Pump Station and Water Treatment Plant Conceptual Cost Opinion, by Alternative (not including land easement 

acquisition and raw water transmission costs)

Phase 1 Estimated Raw Water PS & Intake Improvements Total Phase 2 Estimated Raw Water PS & Intake Improvements Total 

Contractor Overhead, Profit, General Conditions, and Mobilization (20%)

Subtotal

Escalation - None

Engineer's Design and Construction Admin Fee (15% ) 

Subtotal for Construction 

Site/Civil (3%)

Subtotal

Phase 1 Estimated WTP Total Phase 2 Estimated WTP Total 

Subtotal Subtotal

Engineer's Design and Construction Admin Fee (15% ) Engineer's Design and Construction Admin Fee (15% ) 

Escalation - None Escalation (0%)

Subtotal Subtotal

Contractor Overhead, Profit, General Conditions, and Mobilization (20%) Contractor Overhead, Profit, General Conditions, and Mobilization (20%)

Subtotal Subtotal

Contingency (25%) Contingency (25%) 

Yard Piping (5%) Yard Piping (5%)

Subtotal Subtotal

Subtotal for Construction Subtotal for Construction 

Site/Civil (3%) Site/Civil (3%)

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Treatment Plant Processes Treatment Plant Processes 

Subtotal Subtotal 

Subtotal Subtotal 

Contingency (25%) 

Subtotal

Contractor Overhead, Profit, General Conditions, and Mobilization (20%)

Subtotal

Escalation (0%)

Engineer's Design and Construction Admin Fee (15% ) 

Subtotal for Construction 

Site/Civil (3%)

Subtotal

Contingency (25%) 

Subtotal
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28 MGD Facility, Phase 3
Raw Water Pump Station & Intake Improvements

UNIT QUANTITY UNIT PRICE TOTAL PRICE 

Intake LS 0 850,000$               -$                          
Raw Water Pumping Station SF 0 150$                      -$                          

12 MGD Vertical Turbine Pumps EA 1 250,000$               250,000$                  

Installation LS 1 50,000$                 50,000$                    
Emergency Generator LS 1 500,000$               500,000$                  

Piping and Valving LS 1 75,000$                 75,000$                    
Electrical and I&C Improvements LS 1 175,000$               175,000$                  

1,050,000$               

1,050,000$               

31,500$                    

1,081,500$               

270,375$                  

1,351,875$               

270,375$                  

1,622,250$               

1,622,250$               

243,338$                  

1,865,588$               

Phase 1-3 Total 19,881,833$             

Rapid Mix UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment EA 1 60,000$                 60,000$                    

Tank Construction CY 40 550$                      22,000$                    
Excavation and Backfill CY 70 35$                        2,450$                      
Equipment Installation LS 1 40,000$                 40,000$                    

42" Influent Line LF 30 300$                      9,000$                      
 Slide Gates EA 2 25,000$                 50,000$                    

Electrical and I&C Improvements L S 1 36,690$                 36,690$                    
220,140$                  

Superpulsators UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment EA 1 690,000$               690,000$                  

Tank Construction CY 980 550$                      539,000$                  
Excavation and Backfill CY 470 35$                        16,450$                    
Equipment Installation LS 1 207,000$               207,000$                  
Miscellanous Metals LS 1 25,000$                 25,000$                    

Electrical and I&C Improvements LS 1 221,618$               221,618$                  
1,699,068$               

Ozone Contactors UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment (pumps, generators, etc.) EA 1 500,000$               500,000$                  

Tank Construction CY 0 550$                      -$                          
Excavation and Backfill CY 0 50$                        -$                          
Equipment Installation LS 1 100,000$               100,000$                  
Miscellanous Metals LS 0 35,000$                 -$                          

Sluice Gates EA 0 25,000$                 -$                          
42" DIP Effluent Line LF 0 300$                      -$                          
42" DIP Influent Line LF 0 300$                      -$                          

Electrical and I&C Improvements LS 1 20,000$                 20,000$                    
620,000$                  

BioFilters (4 gpm/sf) UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Filter Building SF 0 150$                      -$                          

GAC Filter Media* LBS 283000 1.5$                       424,500$                  
 Underdrain Equipment, Troughs EA 2 180,000$               360,000$                  

Filter Box Construction CY 500 550$                      275,000$                  
Excavation and Backfill CY 600 35$                        21,000$                    
Equipment Installation EA 2 100,000$               200,000$                  
Miscellanous Metals LS 1 25,000$                 25,000$                    

Canopy SF 2000 40$                        80,000$                    
Pipe Gallery Piping/Valving EA 2 125,000$               250,000$                  

42" Steel Effluent Line LF 100 300$                      30,000$                    
Electrical and I&C Improvements LS 1 248,200$               248,200$                  

1,913,700$               

 Buildings UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Lab/Admin Building SF 0 150$                      -$                          
Maintenance Shop SF 0 125$                      -$                          

-$                          

Chemical Feed Facilities UNIT QUANTITY UNIT PRICE TOTAL PRICE 
PAC Silo EA 0 300,000$               -$                          

Concrete Pad CY 0 600$                      -$                          
Chemical Feed Pumps EA 0 25,500$                 -$                          

Alum Bulk Tanks - 20,000 gallon EA 1 40,000$                 40,000$                    
Chemical Feed Pumps EA 0 25,000$                 -$                          

Polymer Feed System EA 0 100,000$               -$                          
Polymer Feed Pumps EA 0 25,000$                 -$                          

Caustic Bulk Tanks - 10,000 gallon EA 1 25,000$                 25,000$                    
Caustic Feed Pumps EA 0 25,000$                 -$                          

Hypo Bulk Storage Tank (20,000 gallons) EA 2 40,000$                 80,000$                    
Hypo Feed Pumps EA 4 25,000$                 100,000$                  

Ammonia Bulk Storage Tank (1000 gallons) EA 0 35,000$                 -$                          
Ammonia Feed System EA 0 30,000$                 -$                          

Corrosion Inhibitor Bulk Storage Tank (4,000 gallons) EA 0 15,000$                 -$                          
Corrosion Inhibitor Feed Pump EA 0 15,000$                 -$                          

Fluoride Bulk Storage Tank (4,000 gallons) EA 0 15,000$                 -$                          
Fluoride Feed Pumps EA 0 15,000$                 -$                          

Chemical Building SF 0 150$                      -$                          
Electrical and I&C Improvements LS 1 36,750$                 36,750$                    

Equipment Installation LS 1 45,000$                45,000$                    

326,750$                  

Residuals Handling UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equalization Tank CY 1,000 550$                      550,000$                  

Backwash Settling Units EA 1 350,000$               350,000$                  
Gravity Thickener Eq. and Thickened Sludge PS  LS 1 750,000$               750,000$                  

Gravity Thickener Tank CY 750 550$                      412,500$                  
Centrifuges EA 0 500,000$               -$                          

Dewatering Building SF 0 150$                      -$                          
Thickening Polymer System LS 0 65,000$                 -$                          

Centrifuge Pumps EA 0 40,000$                 -$                          
Thickened Sludge Storage CY 0 550$                      -$                          

Thickened Sludge Storage Mixer EA 0 75,000$                 -$                          
Electrical and I&C Improvements LS 1 412,500$               412,500$                  
Miscellanous (Yard Piping, etc.) LS 1 206,250$               206,250$                  

2,681,250$               

Clearwells UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Clearwell (120-ft diameter) GAL 0 0.60$                     -$                          

Electrical and I&C Improvements LS 1 -$                       -$                          
Miscellanous (Yard Piping, etc.) LS 1 -$                       -$                          

-$                         

Finished Water Pump Station UNIT QUANTITY UNIT PRICE TOTAL PRICE 
High Service Pumps EA 1 250,000$               250,000$                  

Pumping Station Building SF 0 150$                      -$                          
Electrical and I&C Improvements LS 1 50,000$                 50,000$                    

Miscellanous (Piping, etc.) LS 1 125,000$               125,000$                  
425,000$                  

Terminal Reservoir UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Topsoil Stripping CY 7.5$                       -$                          

Clearing and Grubbing AC 6,125$                   -$                          
Terminal Reservoir Earthwork Cut CY 6$                          -$                          
Terminal Reservoir Earthwork Fill CY 3$                          -$                          

Terminal Reservoir Liner SF 0.5$                       -$                          
-$                         

7,885,908$               
236,577$                  

8,122,485$               
394,295$                  

8,516,780$               
2,129,195$               

10,645,975$             
2,129,195$               

12,775,170$             
12,775,170$             

1,916,276$               
14,691,446$             

Phase 1-3 Total 118,916,162$           

(CONTINUED ) ALTERNATIVE 5 (Option A): Raw Water Intake, Pump Station and Water Treatment Plant Conceptual Cost 

Opinion, by Alternative (not including land easement acquisition and raw water transmission costs)

Phase 3 Estimated Raw Water PS & Intake Improvements Total 

Contractor Overhead, Profit, General Conditions, and Mobilization (20%)

Subtotal

Escalation (0%)

Engineer's Design and Construction Admin Fee (15% ) 

Subtotal for Construction 

Site/Civil (3%)

Subtotal

Contingency (25%) 

Subtotal

Phase 3 Estimated WTP Total 

Subtotal

Engineer's Design and Construction Admin Fee (15% ) 

Escalation (0%)

Subtotal

Contractor Overhead, Profit, General Conditions, and Mobilization (20%)

Subtotal

Contingency (25%) 

Yard Piping (5%)

Subtotal

Subtotal for Construction 

Site/Civil (3%)

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Treatment Plant Processes 

Subtotal 

Subtotal 
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12 MGD Facility, Phase 1 20 MGD Facility, Phase 2
Raw Water Pump Station & Intake Improvements Raw Water Pump Station & Intake Improvements

UNIT QUANTITY UNIT PRICE TOTAL PRICE UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Cost of Raney Well EA 1  $             7,500,000 7,500,000 Cost of Raney Well EA 1  $      7,500,000 7,500,000

Permitting Cost LS 0 50,000$                  50,000 Permitting Cost LS 0 50,000$            0

Intake LS 0 1,000,000$             -$                      Intake LS 0 850,000$          -$                      
Raw Water Pumping Station SF 0 200$                       -$                      Raw Water Pumping Station SF 0 150$                 -$                      

6 MGD Vertical Turbine Pumps EA 0 125,000$                -$                      8 MGD Vertical Turbine Pumps EA 2 170,000$          340,000$               
12 MGD Vertical Turbine Pumps EA 2 250,000$                500,000$               

Installation LS 1 150,000$                150,000$               Installation LS 1 50,000$            50,000$                 
Emergency Generator LS 1 500,000$                500,000$               Emergency Generator LS 0 500,000$          -$                      

Piping and Valving LS 1 150,000$                150,000$               Piping and Valving LS 1 75,000$            75,000$                 
Electrical and I&C Improvements LS 1 260,000$                260,000$               Electrical and I&C Improvements LS 1 93,000$            93,000$                 

9,110,000$            8,058,000$            

9,110,000$            8,058,000$            

273,300$               241,740$               

9,383,300$            8,299,740$            

2,345,825$            2,074,935$            

11,729,125$          10,374,675$          

2,345,825$            2,074,935$            

14,074,950$          12,449,610$          

14,074,950$          12,449,610$          

2,111,243$            1,867,442$            

16,186,193$          14,317,052$          

Rapid Mix UNIT QUANTITY UNIT PRICE TOTAL PRICE Rapid Mix UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment EA 2 60,000$                  120,000$               Equipment EA 0 60,000$            -$                      

Tank Construction CY 80 550$                       44,000$                 Tank Construction CY 0 550$                 -$                      
Excavation and Backfill CY 140 35$                         4,900$                   Excavation and Backfill CY 0 35$                   -$                      
Equipment Installation LS 1 110,000$                110,000$               Equipment Installation LS 0 -$                 -$                      

42" Influent Line LF 150 300$                       45,000$                 42" Influent Line LF 0 300$                 -$                      
 Slide Gates EA 4 25,000$                  100,000$                Slide Gates EA 0 25,000$            -$                      

Electrical and I&C Improvements LS 1 84,780$                  84,780$                 Electrical and I&C Improvements L S 0 -$                 -$                      
508,680$              -$                      

Superpulsators UNIT QUANTITY UNIT PRICE TOTAL PRICE Superpulsators UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment EA 2 690,000$                1,380,000$            Equipment EA 1 690,000$          690,000$               

Tank Construction CY 1857 550$                       1,021,350$            Tank Construction CY 980 550$                 539,000$               
Excavation and Backfill CY 930 35$                         32,550$                 Excavation and Backfill CY 470 35$                   16,450$                 
Equipment Installation LS 1 414,000$                414,000$               Equipment Installation LS 1 207,000$          207,000$               
Miscellanous Metals LS 1 50,000$                  50,000$                 Miscellanous Metals LS 1 25,000$            25,000$                 

Electrical and I&C Improvements LS 1 434,685$                434,685$               Electrical and I&C Improvements LS 1 221,618$          221,618$               
3,332,585$           1,699,068$           

Ozone Contactors UNIT QUANTITY UNIT PRICE TOTAL PRICE Ozone Contactors UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment (pumps, generators, etc.) EA 1 1,000,000$             1,000,000$            Equipment (pumps, generators, etc.) EA 1 500,000$          500,000$               

Tank Construction CY 1000 550$                       550,000$               Tank Construction CY 500 550$                 275,000$               
Excavation and Backfill CY 360 50$                         18,000$                 Excavation and Backfill CY 180 50$                   9,000$                   
Equipment Installation LS 1 250,000$                250,000$               Equipment Installation LS 1 100,000$          100,000$               
Miscellanous Metals LS 1 65,000$                  65,000$                 Miscellanous Metals LS 1 35,000$            35,000$                 

Sluice Gates EA 4 25,000$                  100,000$               Sluice Gates EA 2 25,000$            50,000$                 
42" DIP Effluent Line LF 380 300$                       114,000$               42" DIP Effluent Line LF 50 300$                 15,000$                 
42" DIP Influent Line LF 60 300$                       18,000$                 42" DIP Influent Line LF 25 300$                 7,500$                   

Electrical and I&C Improvements LS 1 223,000$                223,000$               Electrical and I&C Improvements LS 1 98,300$            98,300$                 
2,338,000$           1,089,800$           

BioFilters (4 gpm/sf) UNIT QUANTITY UNIT PRICE TOTAL PRICE BioFilters (4 gpm/sf) UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Filter Building SF 1800 150$                       270,000$               Filter Building SF 0 150$                 -$                      

GAC Filter Media* LBS 565000 1.5$                        847,500$               GAC Filter Media* LBS 283000 1.5$                  424,500$               
 Underdrain Equipment, Troughs EA 4 180,000$                720,000$                Underdrain Equipment, Troughs EA 2 180,000$          360,000$               

Filter Box Construction CY 1000 550$                       550,000$               Filter Box Construction CY 500 550$                 275,000$               
Excavation and Backfill CY 1200 35$                         42,000$                 Excavation and Backfill CY 600 35$                   21,000$                 
Equipment Installation EA 4 100,000$                400,000$               Equipment Installation EA 2 100,000$          200,000$               
Miscellanous Metals LS 1 50,000$                  50,000$                 Miscellanous Metals LS 1 25,000$            25,000$                 

Canopy SF 4000 40$                         160,000$               Canopy SF 2000 40$                   80,000$                 
Pipe Gallery Piping/Valving EA 4 125,000$                500,000$               Pipe Gallery Piping/Valving EA 2 125,000$          250,000$               

42" Steel Effluent Line LF 200 300$                       60,000$                 42" Steel Effluent Line LF 100 300$                 30,000$                 
Electrical and I&C Improvements LS 1 496,400$                496,400$               Electrical and I&C Improvements LS 1 248,200$          248,200$               

3,825,900$           1,913,700$           

 Buildings UNIT QUANTITY UNIT PRICE TOTAL PRICE  Buildings UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Lab/Admin Building SF 6,000 200$                       1,200,000$            Lab/Admin Building SF 0 150$                 -$                      
Maintenance Shop SF 1,500 125$                       187,500$               Maintenance Shop SF 0 125$                 -$                      

1,387,500$            -$                      

Chemical Feed Facilities UNIT QUANTITY UNIT PRICE TOTAL PRICE Chemical Feed Facilities UNIT QUANTITY UNIT PRICE TOTAL PRICE 
PAC Silo EA 1 300,000$                300,000$               PAC Silo EA 0 300,000$          -$                      

Concrete Pad CY 10 600$                       6,000$                   Concrete Pad CY 0 600$                 -$                      
Chemical Feed Pumps EA 2 25,500$                  51,000$                 Chemical Feed Pumps EA 0 25,500$            -$                      

Alum Bulk Tanks - 20,000 gallon EA 2 40,000$                  80,000$                 Alum Bulk Tanks - 20,000 gallon EA 1 40,000$            40,000$                 
Chemical Feed Pumps EA 2 25,000$                  50,000$                 Chemical Feed Pumps EA 0 25,000$            -$                      
Polymer Feed System EA 2 100,000$                200,000$               Polymer Feed System EA 0 100,000$          -$                      
Polymer Feed Pumps EA 4 25,000$                  100,000$               Polymer Feed Pumps EA 0 25,000$            -$                      

Caustic Bulk Tanks - 10,000 gallon EA 2 25,000$                  50,000$                 Caustic Bulk Tanks - 10,000 gallon EA 1 25,000$            25,000$                 
Caustic Feed Pumps EA 2 25,000$                  50,000$                 Caustic Feed Pumps EA 0 25,000$            -$                      

Hypo Bulk Storage Tank (20,000 gallons) EA 3 40,000$                  120,000$               Hypo Bulk Storage Tank (20,000 gallons) EA 1 40,000$            40,000$                 
Hypo Feed Pumps EA 4 25,000$                  100,000$               Hypo Feed Pumps EA 0 25,000$            -$                      

Ammonia Bulk Storage Tank (1000 gallons) EA 1 35,000$                  35,000$                 Ammonia Bulk Storage Tank (1000 gallons) EA 1 35,000$            35,000$                 
Ammonia Feed System EA 2 30,000$                  60,000$                 Ammonia Feed System EA 0 30,000$            -$                      

Corrosion Inhibitor Bulk Storage Tank (4,000 gallons) EA 1 15,000$                  15,000$                 Corrosion Inhibitor Bulk Storage Tank (4,000 gallons) EA 0 15,000$            -$                      
Corrosion Inhibitor Feed Pump EA 2 15,000$                  30,000$                 Corrosion Inhibitor Feed Pump EA 0 15,000$            -$                      

Fluoride Bulk Storage Tank (4,000 gallons) EA 1 15,000$                  15,000$                 Fluoride Bulk Storage Tank (4,000 gallons) EA 0 15,000$            -$                      
Fluoride Feed Pumps EA 2 15,000$                  30,000$                 Fluoride Feed Pumps EA 0 15,000$            -$                      

Chemical Building SF 15000 150$                       2,250,000$            Chemical Building SF 0 150$                 -$                      
Electrical and I&C Improvements LS 1 531,300$                531,300$               Electrical and I&C Improvements LS 1 21,000$            21,000$                 

Equipment Installation LS 1 101,250$                101,250$              Equipment Installation LS 1 18,750$           18,750$                

4,174,550$           179,750$              

Residuals Handling UNIT QUANTITY UNIT PRICE TOTAL PRICE Residuals Handling UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equalization Tank CY 1,000 550$                       550,000$               Equalization Tank CY 1,000 550$                 550,000$               

Backwash Settling Units EA 2 350,000$                700,000$               Backwash Settling Units EA 1 350,000$          350,000$               
Gravity Thickener Eq. and Thickened Sludge PS  LS 1 750,000$                750,000$               Gravity Thickener Eq. and Thickened Sludge PS  LS 1 750,000$          750,000$               

Gravity Thickener Tank CY 750 550$                       412,500$               Gravity Thickener Tank CY 750 550$                 412,500$               
Centrifuges EA 2 500,000$                1,000,000$            Centrifuges EA 0 500,000$          -$                      

Dewatering Building SF 2,000 150$                       300,000$               Dewatering Building SF 0 150$                 -$                      
Thickening Polymer System LS 1 65,000$                  65,000$                 Thickening Polymer System LS 0 65,000$            -$                      

Centrifuge Pumps EA 2 40,000$                  80,000$                 Centrifuge Pumps EA 0 40,000$            -$                      
Thickened Sludge Storage CY 250 550$                       137,500$               Thickened Sludge Storage CY 0 550$                 -$                      

Thickened Sludge Storage Mixer EA 1 75,000$                  75,000$                 Thickened Sludge Storage Mixer EA 0 75,000$            -$                      
Electrical and I&C Improvements LS 1 814,000$                814,000$               Electrical and I&C Improvements LS 1 412,500$          412,500$               
Miscellanous (Yard Piping, etc.) LS 1 407,000$                407,000$               Miscellanous (Yard Piping, etc.) LS 1 206,250$          206,250$               

5,291,000$           2,681,250$           

Clearwells UNIT QUANTITY UNIT PRICE TOTAL PRICE Clearwells UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Clearwell (120-ft diameter) GAL 4,000,000 0.60$                      2,400,000$            Clearwell (120-ft diameter) GAL 0 0.60$                -$                      

Electrical and I&C Improvements LS 1 240,000$                240,000$               Electrical and I&C Improvements LS 1 -$                 -$                      
Miscellanous (Yard Piping, etc.) LS 1 240,000$                240,000$               Miscellanous (Yard Piping, etc.) LS 1 -$                 -$                      

2,880,000$           -$                      

Finished Water Pump Station UNIT QUANTITY UNIT PRICE TOTAL PRICE Finished Water Pump Station UNIT QUANTITY UNIT PRICE TOTAL PRICE 
High Service Pumps EA 3 125,000$                375,000$               High Service Pumps EA 1 250,000$          250,000$               

Pumping Station Building SF 3,500 150$                       525,000$               Pumping Station Building SF 0 150$                 -$                      
Electrical and I&C Improvements LS 1 180,000$                180,000$               Electrical and I&C Improvements LS 1 50,000$            50,000$                 

Miscellanous (Piping, etc.) LS 1 450,000$                450,000$               Miscellanous (Piping, etc.) LS 1 125,000$          125,000$               
1,530,000$           425,000$              

25,268,215$          7,988,568$            
758,046$               239,657$               

26,026,261$          8,228,225$            
1,263,411$            399,428$               

27,289,672$          8,627,653$            
6,822,418$            2,156,913$            

34,112,090$          10,784,566$          
6,822,418$            2,156,913$            

40,934,508$          12,941,479$          
40,934,508$          12,941,479$          
6,140,176$            1,941,222$            

47,074,685$          14,882,701$          

ALTERNATIVE 5 (Option B): Raw Water Intake, Pump Station and Water Treatment Plant Conceptual Cost Opinion, by Alternative (not including land easement 

acquisition and raw water transmission costs)

Escalation - None Escalation (0%)

Phase 1 Estimated Raw Water PS & Intake Improvements Total Phase 2 Estimated Raw Water PS & Intake Improvements Total 

Contractor Overhead, Profit, General Conditions, and Mobilization (20%)

Subtotal

Escalation - None

Engineer's Design and Construction Admin Fee (15% ) 

Subtotal for Construction 

Site/Civil (3%)

Subtotal

Contingency (25%) 

Subtotal

Contractor Overhead, Profit, General Conditions, and Mobilization (20%)

Subtotal

Escalation (0%)

Engineer's Design and Construction Admin Fee (15% ) 

Subtotal for Construction 

Site/Civil (3%)

Subtotal

Contingency (25%) 

Subtotal

Phase 1 Estimated WTP Total Phase 2 Estimated WTP Total 

Subtotal Subtotal

Engineer's Design and Construction Admin Fee (15% ) Engineer's Design and Construction Admin Fee (15% ) 

Subtotal Subtotal

Contractor Overhead, Profit, General Conditions, and Mobilization (20%) Contractor Overhead, Profit, General Conditions, and Mobilization (20%)

Subtotal Subtotal

Contingency (25%) Contingency (25%) 

Yard Piping (5%) Yard Piping (5%)

Subtotal Subtotal

Subtotal for Construction Subtotal for Construction 

Site/Civil (3%) Site/Civil (3%)

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Treatment Plant Processes Treatment Plant Processes 

Subtotal Subtotal 

Subtotal Subtotal 
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28 MGD Facility, Phase 3
Raw Water Pump Station & Intake Improvements

UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Cost of Raney Well EA 1  $            7,500,000 7,500,000

Permitting Cost LS 0 50,000$                 0

Intake LS 0 850,000$              -$                         
Raw Water Pumping Station SF 0 150$                     -$                         

8 MGD Vertical Turbine Pumps EA 2 170,000$              340,000$                  

Installation LS 1 50,000$                50,000$                    
Emergency Generator LS 1 500,000$              500,000$                  

Piping and Valving LS 1 75,000$                75,000$                    
Electrical and I&C Improvements LS 1 193,000$              193,000$                  

8,658,000$                

8,658,000$                

259,740$                   

8,917,740$                

2,229,435$                

11,147,175$              

2,229,435$                

13,376,610$              

13,376,610$              

2,006,492$                

15,383,102$              

Phase 1-3 Total 45,886,346$              

Rapid Mix UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment EA 1 60,000$                 60,000$                     

Tank Construction CY 40 550$                      22,000$                     
Excavation and Backfill CY 70 35$                        2,450$                       
Equipment Installation LS 1 40,000$                 40,000$                     

42" Influent Line LF 30 300$                      9,000$                       
 Slide Gates EA 2 25,000$                 50,000$                     

Electrical and I&C Improvements L S 1 36,690$                 36,690$                     
220,140$                  

Superpulsators UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment EA 1 690,000$               690,000$                   

Tank Construction CY 980 550$                      539,000$                   
Excavation and Backfill CY 470 35$                        16,450$                     
Equipment Installation LS 1 207,000$               207,000$                   
Miscellanous Metals LS 1 25,000$                 25,000$                     

Electrical and I&C Improvements LS 1 221,618$               221,618$                   
1,699,068$               

Ozone Contactors UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment (pumps, generators, etc.) EA 1 500,000$               500,000$                   

Tank Construction CY 0 550$                      -$                          
Excavation and Backfill CY 0 50$                        -$                          
Equipment Installation LS 1 100,000$               100,000$                   
Miscellanous Metals LS 0 35,000$                 -$                          

Sluice Gates EA 0 25,000$                 -$                          
42" DIP Effluent Line LF 0 300$                      -$                          
42" DIP Influent Line LF 0 300$                      -$                          

Electrical and I&C Improvements LS 1 20,000$                 20,000$                     
620,000$                  

BioFilters (4 gpm/sf) UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Filter Building SF 0 150$                      -$                          

GAC Filter Media* LBS 283000 1.5$                       424,500$                   
 Underdrain Equipment, Troughs EA 2 180,000$               360,000$                   

Filter Box Construction CY 500 550$                      275,000$                   
Excavation and Backfill CY 600 35$                        21,000$                     
Equipment Installation EA 2 100,000$               200,000$                   
Miscellanous Metals LS 1 25,000$                 25,000$                     

Canopy SF 2000 40$                        80,000$                     
Pipe Gallery Piping/Valving EA 2 125,000$               250,000$                   

42" Steel Effluent Line LF 100 300$                      30,000$                     
Electrical and I&C Improvements LS 1 248,200$               248,200$                   

1,913,700$               

 Buildings UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Lab/Admin Building SF 0 150$                      -$                          
Maintenance Shop SF 0 125$                      -$                          

-$                          

Chemical Feed Facilities UNIT QUANTITY UNIT PRICE TOTAL PRICE 
PAC Silo EA 0 300,000$               -$                          

Concrete Pad CY 0 600$                      -$                          
Chemical Feed Pumps EA 0 25,500$                 -$                          

Alum Bulk Tanks - 20,000 gallon EA 1 40,000$                 40,000$                     
Chemical Feed Pumps EA 0 25,000$                 -$                          
Polymer Feed System EA 0 100,000$               -$                          
Polymer Feed Pumps EA 0 25,000$                 -$                          

Caustic Bulk Tanks - 10,000 gallon EA 1 25,000$                 25,000$                     
Caustic Feed Pumps EA 0 25,000$                 -$                          

Hypo Bulk Storage Tank (20,000 gallons) EA 2 40,000$                 80,000$                     
Hypo Feed Pumps EA 4 25,000$                 100,000$                   

Ammonia Bulk Storage Tank (1000 gallons) EA 0 35,000$                 -$                          
Ammonia Feed System EA 0 30,000$                 -$                          

Corrosion Inhibitor Bulk Storage Tank (4,000 gallons) EA 0 15,000$                 -$                          
Corrosion Inhibitor Feed Pump EA 0 15,000$                 -$                          

Fluoride Bulk Storage Tank (4,000 gallons) EA 0 15,000$                 -$                          
Fluoride Feed Pumps EA 0 15,000$                 -$                          

Chemical Building SF 0 150$                      -$                          
Electrical and I&C Improvements LS 1 36,750$                 36,750$                     

Equipment Installation LS 1 45,000$                 45,000$                    

326,750$                  

Residuals Handling UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equalization Tank CY 1,000 550$                      550,000$                   

Backwash Settling Units EA 1 350,000$               350,000$                   
Gravity Thickener Eq. and Thickened Sludge PS  LS 1 750,000$               750,000$                   

Gravity Thickener Tank CY 750 550$                      412,500$                   
Centrifuges EA 0 500,000$               -$                          

Dewatering Building SF 0 150$                      -$                          
Thickening Polymer System LS 0 65,000$                 -$                          

Centrifuge Pumps EA 0 40,000$                 -$                          
Thickened Sludge Storage CY 0 550$                      -$                          

Thickened Sludge Storage Mixer EA 0 75,000$                 -$                          
Electrical and I&C Improvements LS 1 412,500$               412,500$                   
Miscellanous (Yard Piping, etc.) LS 1 206,250$               206,250$                   

2,681,250$               

Clearwells UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Clearwell (120-ft diameter) GAL 0 0.60$                     -$                          

Electrical and I&C Improvements LS 1 -$                       -$                          
Miscellanous (Yard Piping, etc.) LS 1 -$                       -$                          

-$                          

Finished Water Pump Station UNIT QUANTITY UNIT PRICE TOTAL PRICE 
High Service Pumps EA 1 250,000$               250,000$                   

Pumping Station Building SF 0 150$                      -$                          
Electrical and I&C Improvements LS 1 50,000$                 50,000$                     

Miscellanous (Piping, etc.) LS 1 125,000$               125,000$                   
425,000$                  

7,885,908$                
236,577$                   

8,122,485$                
394,295$                   

8,516,780$                
2,129,195$                

10,645,975$              
2,129,195$                

12,775,170$              
12,775,170$              
1,916,276$                

14,691,446$              

Phase 1-3 Total 76,648,831$              

(CONTINUED ) ALTERNATIVE 5 (Option B): Raw Water Intake, Pump Station and Water Treatment Plant Conceptual Cost 

Opinion, by Alternative (not including land easement acquisition and raw water transmission costs)

Escalation (0%)

Contractor Overhead, Profit, General Conditions, and Mobilization (20%)

Subtotal

Escalation (0%)

Engineer's Design and Construction Admin Fee (15% ) 

Phase 3 Estimated Raw Water PS & Intake Improvements Total 

Subtotal for Construction 

Site/Civil (3%)

Subtotal

Contingency (25%) 

Subtotal

Phase 3 Estimated WTP Total 

Subtotal

Engineer's Design and Construction Admin Fee (15% ) 

Subtotal

Contractor Overhead, Profit, General Conditions, and Mobilization (20%)

Subtotal

Contingency (25%) 

Yard Piping (5%)

Subtotal

Subtotal for Construction 

Site/Civil (3%)

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Treatment Plant Processes 

Subtotal 

Subtotal 
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18 MGD Facility, Phase 1 18 MGD Facility, Phase 2

UNIT QUANTITY UNIT PRICE TOTAL PRICE UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Intake, Screens and Appurtenances LS 1 1,400,000$        1,400,000$             Intake, Screens and Appurtenances LS 0 850,000$           -$                        

Raw Water Pumping Station SF 2000 200$                  400,000$                Raw Water Pumping Station SF 0 150$                  -$                        
23 MGD Vertical Turbine Pumps EA 2 200,000$           400,000$                23 MGD Vertical Turbine Pumps EA 1 300,000$           300,000$                

Installation LS 1 150,000$           150,000$                Installation LS 1 50,000$             50,000$                  
Emergency Generator LS 1 750,000$           750,000$                Emergency Generator LS 0 750,000$           -$                        

Piping and Valving LS 1 300,000$           300,000$                Piping and Valving LS 1 75,000$             75,000$                  
Electrical and I&C Improvements LS 1 400,000$           400,000$                Electrical and I&C Improvements LS 1 85,000$             85,000$                  

48-Inch Raw Water Transmission Main LF 2000 400$                  800,000$                48-Inch Raw Water Transmission Main LF 2000 400$                  800,000$                
4,600,000$             1,310,000$             

 33 MGDTurbine Pumps EA 1 300,000$           300,000$                 33 MGDTurbine Pumps EA 0 300,000$           -$                        
Piping and Valving LS 1 150,000$           150,000$                Piping and Valving LS 0 150,000$           -$                        

Installation LS 1 75,000$             75,000$                  Installation LS 0 75,000$             -$                        
Electrical and I&C Improvements LS 1 105,000$           105,000$                Electrical and I&C Improvements LS 0 -$                   -$                        

48-Inch Raw Water Transmission Main LF 200 400$                  80,000$                  48-Inch Raw Water Transmission Main LF 200 400$                  80,000$                  
710,000$               80,000$                 

5,310,000$             1,390,000$             

159,300$                41,700$                  

5,469,300$             1,431,700$             

820,395$                214,755$                

6,289,695$             1,646,455$             

1,257,939$             329,291$                

7,547,634$             1,975,746$             

-$                        -$                        

1,132,145$             296,362$                

8,679,779$             2,272,108$             

Rapid Mix UNIT QUANTITY UNIT PRICE TOTAL PRICE Rapid Mix UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment EA 2 60,000$             120,000$                Equipment EA 1 60,000$             60,000$                  

Tank Construction CY 120 550$                  66,000$                  Tank Construction CY 60 550$                  33,000$                  
Excavation and Backfill CY 210 35$                    7,350$                    Excavation and Backfill CY 105 35$                    3,675$                    
Equipment Installation LS 1 110,000$           110,000$                Equipment Installation LS 1 55,000$             55,000$                  

48" Influent Line LF 150 400$                  60,000$                  48" LF 150 400$                  60,000$                  
 Slide Gates EA 4 25,000$             100,000$                 Slide Gates EA 2 25,000$             50,000$                  

Electrical and I&C Improvements L S 1 92,670$             92,670$                  Electrical and I&C Improvements L S 1 52,335$             52,335$                  
556,020$               314,010$               

Superpulsators UNIT QUANTITY UNIT PRICE TOTAL PRICE Superpulsators UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment EA 2 690,000$           1,380,000$             Equipment EA 2 690,000$           1,380,000$             

Tank Construction CY 1960 550$                  1,078,000$             Tank Construction CY 1960 550$                  1,078,000$             
Excavation and Backfill CY 940 35$                    32,900$                  Excavation and Backfill CY 940 35$                    32,900$                  
Equipment Installation LS 1 414,000$           414,000$                Equipment Installation LS 1 414,000$           414,000$                

Piping EA 2 250,000$           500,000$                Piping EA 2 250,000$           500,000$                
Miscellanous Metals LS 1 25,000$             25,000$                  Miscellanous Metals LS 1 25,000$             25,000$                  

Electrical and I&C Improvements LS 1 514,485$           514,485$                Electrical and I&C Improvements LS 1 514,485$           514,485$                
3,944,385$            3,944,385$            

GAC Contactors UNIT QUANTITY UNIT PRICE TOTAL PRICE GAC Contactors UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Filter Building SF 10000 150$                  1,500,000$             Filter Building SF 0 150$                  -$                        

GAC Filter Media $1.55 per pound LBS 312500 1.6$                   484,375$                GAC Filter Media* LBS 312500 1.6$                   484,375$                
 Underdrain Equipment, Troughs EA 4 180,000$           720,000$                 Underdrain Equipment, Troughs EA 4 180,000$           720,000$                

Filter Box Construction CY 1000 550$                  550,000$                Filter Box Construction CY 1000 550$                  550,000$                
Excavation and Backfill CY 1200 35$                    42,000$                  Excavation and Backfill CY 1200 35$                    42,000$                  
Equipment Installation EA 4 100,000$           400,000$                Equipment Installation EA 4 100,000$           400,000$                
Miscellanous Metals LS 1 50,000$             50,000$                  Miscellanous Metals LS 1 50,000$             50,000$                  

Canopy SF 0 40$                    -$                        Canopy SF 0 40$                    -$                        
Pipe Gallery Piping/Valving EA 4 125,000$           500,000$                Pipe Gallery Piping/Valving EA 4 125,000$           500,000$                

48" Steel Effluent Line LF 200 400$                  80,000$                  48" Steel Effluent Line LF 200 400$                  80,000$                  
Electrical and I&C Improvements LS 1 468,400$           468,400$                Electrical and I&C Improvements LS 1 468,400$           468,400$                

4,794,775$            3,294,775$            

Filters (4 gpm/sf) UNIT QUANTITY UNIT PRICE TOTAL PRICE Filters (4 gpm/sf) UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Filter Building SF 10000 150$                  1,500,000$             Filter Building SF 0 150$                  -$                        
Filter Media* LBS 320000 0.5$                   160,000$                Filter Media* LBS 320000 0.5$                   160,000$                

 Underdrain Equipment, Troughs EA 6 180,000$           1,080,000$              Underdrain Equipment, Troughs EA 6 180,000$           1,080,000$             
Filter Box Construction CY 1500 550$                  825,000$                Filter Box Construction CY 1500 550$                  825,000$                
Excavation and Backfill CY 1800 35$                    63,000$                  Excavation and Backfill CY 1800 35$                    63,000$                  
Equipment Installation EA 6 100,000$           600,000$                Equipment Installation EA 6 100,000$           600,000$                
Miscellanous Metals LS 1 50,000$             50,000$                  Miscellanous Metals LS 1 50,000$             50,000$                  

Canopy SF 0 40$                    -$                        Canopy SF 0 40$                    -$                        
Pipe Gallery Piping/Valving EA 6 125,000$           750,000$                Pipe Gallery Piping/Valving EA 6 125,000$           750,000$                

48" Steel Effluent Line LF 100 400$                  40,000$                  48" Steel Effluent Line LF 100 400$                  40,000$                  
Electrical and I&C Improvements LS 1 681,600$           681,600$                Electrical and I&C Improvements LS 1 681,600$           681,600$                

5,749,600$            4,249,600$            

 Buildings UNIT QUANTITY UNIT PRICE TOTAL PRICE  Buildings UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Lab/Admin Building SF 200$                  -$                        Lab/Admin Building SF 0 150$                  -$                        
Maintenance Shop SF 5,000 125$                  625,000$                Maintenance Shop SF 0 125$                  -$                        

625,000$               -$                       

Chemical Feed Facilities UNIT QUANTITY UNIT PRICE TOTAL PRICE Chemical Feed Facilities UNIT QUANTITY UNIT PRICE TOTAL PRICE 
PAC Silo EA 1 300,000$           300,000$                PAC Silo EA 1 300,000$           300,000$                

Concrete Pad CY 10 600$                  6,000$                    Concrete Pad CY 10 600$                  6,000$                    
Chemical Feed Pumps EA 2 25,500$             51,000$                  Chemical Feed Pumps EA 2 25,500$             51,000$                  

Alum Bulk Tanks - 20,000 gallon EA 2 40,000$             80,000$                  Alum Bulk Tanks - 20,000 gallon EA 2 40,000$             80,000$                  
Chemical Feed Pumps EA 2 25,000$             50,000$                  Chemical Feed Pumps EA 2 25,000$             50,000$                  

Polymer Feed System EA 2 100,000$           200,000$                Polymer Feed System EA 1 100,000$           100,000$                
Polymer Feed Pumps EA 4 25,000$             100,000$                Polymer Feed Pumps EA 2 25,000$             50,000$                  

Caustic Bulk Tanks - 10,000 gallon EA 2 25,000$             50,000$                  Caustic Bulk Tanks - 10,000 gallon EA 2 25,000$             50,000$                  
Caustic Feed Pumps EA 2 25,000$             50,000$                  Caustic Feed Pumps EA 2 25,000$             50,000$                  

Hypo Bulk Storage Tank (20,000 gallons) EA 2 40,000$             80,000$                  Hypo Bulk Storage Tank (20,000 gallons) EA 2 40,000$             80,000$                  
Hypo Feed Pumps EA 4 25,000$             100,000$                Hypo Feed Pumps EA 4 25,000$             100,000$                

Ammonia Bulk Storage Tank (4000 gallons) EA 1 35,000$             35,000$                  Ammonia Bulk Storage Tank (4000 gallons) EA 1 35,000$             35,000$                  
Ammonia Feed System EA 2 30,000$             60,000$                  Ammonia Feed System EA 1 30,000$             30,000$                  

Corrosion Inhibitor Bulk Storage Tank (4,000 gallons) EA 1 15,000$             15,000$                  Corrosion Inhibitor Bulk Storage Tank (4,000 gallons) EA 0 15,000$             -$                        
Corrosion Inhibitor Feed Pump EA 2 15,000$             30,000$                  Corrosion Inhibitor Feed Pump EA 0 15,000$             -$                        

Fluoride Bulk Storage Tank (4,000 gallons) EA 1 15,000$             15,000$                  Fluoride Bulk Storage Tank (4,000 gallons) EA 1 15,000$             15,000$                  
Fluoride Feed Pumps EA 2 15,000$             30,000$                  Fluoride Feed Pumps EA 1 15,000$             15,000$                  

Chemical Building SF 17500 150$                  2,625,000$             Chemical Building SF 0 150$                  -$                        
Electrical and I&C Improvements LS 1 581,550$           581,550$                Electrical and I&C Improvements LS 1 151,800$           151,800$                

Equipment Installation LS 1 91,250$            91,250$                 Equipment Installation LS 1 68,750$            68,750$                 

4,549,800$            1,232,550$            

Residuals Handling UNIT QUANTITY UNIT PRICE TOTAL PRICE Residuals Handling UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equalization Tank CY 0 550$                  -$                        Equalization Tank CY 0 550$                  -$                        

Backwash Settling Units EA 0 350,000$           -$                        Backwash Settling Units EA 0 350,000$           -$                        
Gravity Thickener Eq. and Thickened Sludge PS  LS 1 750,000$           750,000$                Gravity Thickener Eq. and Thickened Sludge PS  LS 0 750,000$           -$                        

Gravity Thickener Tank CY 750 550$                  412,500$                Gravity Thickener Tank CY 0 550$                  -$                        
Centrifuges EA 2 500,000$           1,000,000$             Centrifuges EA 2 750,000$           1,500,000$             

Dewatering Building SF 3,500 150$                  525,000$                Dewatering Building SF 0 150$                  -$                        
Thickening Polymer System LS 1 100,000$           100,000$                Thickening Polymer System LS 0 65,000$             -$                        

Centrifuge Pumps EA 3 40,000$             120,000$                Centrifuge Pumps EA 3 50,000$             150,000$                
Thickened Sludge Storage CY 250 550$                  137,500$                Thickened Sludge Storage CY 250 550$                  137,500$                

Thickened Sludge Storage Mixer EA 1 75,000$             75,000$                  Thickened Sludge Storage Mixer EA 1 75,000$             75,000$                  
Electrical and I&C Improvements LS 1 624,000$           624,000$                Electrical and I&C Improvements LS 1 372,500$           372,500$                
Miscellanous (Yard Piping, etc.) LS 1 312,000$           312,000$                Miscellanous (Yard Piping, etc.) LS 1 186,250$           186,250$                

4,056,000$            2,421,250$            

Clearwells UNIT QUANTITY UNIT PRICE TOTAL PRICE Clearwells UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Clearwell (120-ft diameter) GAL 0.60$                 -$                        Clearwell (120-ft diameter) GAL 0 0.60$              -$                    

Electrical and I&C Improvements LS -$                   -$                        Electrical and I&C Improvements LS 1 -$                -$                    
Miscellanous (Yard Piping, etc.) LS -$                   -$                        Miscellanous (Yard Piping, etc.) LS 1 -$                -$                    

-$                       -$                       

Finished Water Pump Station UNIT QUANTITY UNIT PRICE TOTAL PRICE Finished Water Pump Station UNIT QUANTITY UNIT PRICE TOTAL PRICE 
High Service Pumps EA 2 200,000$           400,000$                High Service Pumps EA 2 200,000$           400,000$                

Generator LS 1 1,000,000$        1,000,000$             Generator LS 1 1,000,000$        1,000,000$             
Pumping Station Building SF 0 150$                  -$                        Pumping Station Building SF 0 150$                  -$                        

Electrical and I&C Improvements LS 1 80,000$             80,000$                  Electrical and I&C Improvements LS 1 80,000$             80,000$                  
Miscellanous (Piping, etc.) LS 1 200,000$           200,000$                Miscellanous (Piping, etc.) LS 1 200,000$           200,000$                

1,680,000$            1,680,000$            

25,955,580$           17,136,570$           
778,667$                514,097$                

1,297,779$             856,829$                
28,032,026$           18,507,496$           
7,008,007$             4,626,874$             

35,040,033$           23,134,370$           
7,008,007$             4,626,874$             

42,048,040$           27,761,243$           
-$                        -$                        

6,307,206$             4,164,187$             
48,355,246$           31,925,430$           

Subtotal Subtotal

Site/Civil (3%) Site/Civil (3%)

Yard Piping (5%) Yard Piping (5%)

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Contingency (25%) Contingency (25%) 

ALTERNATIVE 6: CRWSP Expansion (Catawba) Raw Water Intake, Pump Station and Water Treatment Plant Expansion Conceptual Cost Opinion

Subtotal Subtotal

Subtotal Subtotal

Subtotal for Construction Subtotal for Construction 

Engineer's Design and Construction Admin Fee (15% ) Engineer's Design and Construction Admin Fee (15% ) 

Phase 1 Estimated WTP Total Phase 2 Estimated WTP Total 

Contractor Overhead, Profit, General Conditions and Mobilization (20%) Contractor Overhead, Profit and Mobilization (20%)

Subtotal Subtotal

Escalation (none) Escalation (0%)

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Subtotal Subtotal 

Treatment Plant Processes Treatment Plant Processes 

Phase 1 Estimated Raw Water PS & Intake Improvements Total 

Engineer's Design and Construction Admin Fee (15% ) 

Site/Civil (3%)

Subtotal for Construction Subtotal for Construction 

Site/Civil (3%)

Subtotal

Contingency (15%) 

Escalation (none)

Subtotal

Contractor Overhead, Profit and Mobilization (20%)

Subtotal

Escalation (none)

Engineer's Design and Construction Admin Fee (15% ) 

Phase 3 Estimated Raw Water PS & Intake Improvements Total 

Raw Water Pump Station & Intake Improvements Raw Water Pump Station & Intake Improvements

Reservoir Pump Station & Transmission Improvements Reservoir Pump Station & Transmission Improvements

Subtotal Subtotal 

Contingency (15%) 

Subtotal

Subtotal

Contractor Overhead, Profit and Mobilization (20%)

Subtotal
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18 MGD Facility, Phase 2

UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Intake, Screens and Appurtenances LS 1 1,400,000$                 1,400,000$                 

Raw Water Pumping Station SF 2000 200$                           400,000$                     
23 MGD Vertical Turbine Pumps EA 2 200,000$                    400,000$                     

Installation LS 1 150,000$                    150,000$                     
Emergency Generator LS 1 750,000$                    750,000$                     

Piping and Valving LS 1 300,000$                    300,000$                     
Electrical and I&C Improvements LS 1 400,000$                    400,000$                     

48-Inch Raw Water Transmission Main LF 2000 400$                           800,000$                     
4,600,000$                 

 33 MGDTurbine Pumps EA 1 300,000$                    300,000$                     
Piping and Valving LS 1 150,000$                    150,000$                     

Installation LS 1 75,000$                      75,000$                       
Electrical and I&C Improvements LS 1 105,000$                    105,000$                     

48-Inch Raw Water Transmission Main LF 200 400$                           80,000$                       
710,000$                    

5,310,000$                 

159,300$                     

5,469,300$                 

820,395$                     

6,289,695$                 

1,257,939$                 

7,547,634$                 

-$                            

1,132,145$                 

8,679,779$                 

Phase 1-3 Total 19,631,666$               $10,179,382

Rapid Mix UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment EA 1 60,000$                      60,000$                       

Tank Construction CY 60 550$                           33,000$                       
Excavation and Backfill CY 105 35$                             3,675$                         
Equipment Installation LS 1 55,000$                      55,000$                       

48" Influent Line LF 150 400$                           60,000$                       
 Slide Gates EA 2 25,000$                      50,000$                       

Electrical and I&C Improvements L S 1 52,335$                      52,335$                       
314,010$                    

Superpulsators UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equipment EA 2 690,000$                    1,380,000$                 

Tank Construction CY 1960 550$                           1,078,000$                 
Excavation and Backfill CY 940 35$                             32,900$                       
Equipment Installation LS 1 414,000$                    414,000$                     

Piping EA 2 250,000$                    500,000$                     
Miscellanous Metals LS 1 25,000$                      25,000$                       

Electrical and I&C Improvements LS 1 514,485$                    514,485$                     
3,944,385$                 

GAC Contactors UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Filter Building SF 0 150$                           -$                            

GAC Filter Media $1.55 per pound LBS 312500 1.6$                            484,375$                     
 Underdrain Equipment, Troughs EA 4 180,000$                    720,000$                     

Filter Box Construction CY 1000 550$                           550,000$                     
Excavation and Backfill CY 1200 35$                             42,000$                       
Equipment Installation EA 4 100,000$                    400,000$                     
Miscellanous Metals LS 1 50,000$                      50,000$                       

Canopy SF 0 40$                             -$                            
Pipe Gallery Piping/Valving EA 4 125,000$                    500,000$                     

48" Steel Effluent Line LF 200 400$                           80,000$                       
Electrical and I&C Improvements LS 1 468,400$                    468,400$                     

3,294,775$                 

Filters (4 gpm/sf) UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Filter Building SF 0 150$                           -$                            
Filter Media* LBS 320000 0.5$                            160,000$                     

 Underdrain Equipment, Troughs EA 6 180,000$                    1,080,000$                 
Filter Box Construction CY 1500 550$                           825,000$                     
Excavation and Backfill CY 1800 35$                             63,000$                       
Equipment Installation EA 6 100,000$                    600,000$                     
Miscellanous Metals LS 1 50,000$                      50,000$                       

Canopy SF 0 40$                             -$                            
Pipe Gallery Piping/Valving EA 6 125,000$                    750,000$                     

48" Steel Effluent Line LF 100 400$                           40,000$                       
Electrical and I&C Improvements LS 1 681,600$                    681,600$                     

4,249,600$                 

 Buildings UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Lab/Admin Building SF 200$                           -$                            
Maintenance Shop SF 0 125$                           -$                            

-$                            

Chemical Feed Facilities UNIT QUANTITY UNIT PRICE TOTAL PRICE 
PAC Silo EA 1 300,000$                    300,000$                     

Concrete Pad CY 10 600$                           6,000$                         
Chemical Feed Pumps EA 2 25,500$                      51,000$                       

Alum Bulk Tanks - 20,000 gallon EA 2 40,000$                      80,000$                       
Chemical Feed Pumps EA 2 25,000$                      50,000$                       

Polymer Feed System EA 1 100,000$                    100,000$                     
Polymer Feed Pumps EA 2 25,000$                      50,000$                       

Caustic Bulk Tanks - 10,000 gallon EA 2 25,000$                      50,000$                       
Caustic Feed Pumps EA 2 25,000$                      50,000$                       

Hypo Bulk Storage Tank (20,000 gallons) EA 2 40,000$                      80,000$                       
Hypo Feed Pumps EA 4 25,000$                      100,000$                     

Ammonia Bulk Storage Tank (4000 gallons) EA 1 35,000$                      35,000$                       
Ammonia Feed System EA 1 30,000$                      30,000$                       

Corrosion Inhibitor Bulk Storage Tank (4,000 gallons) EA 0 15,000$                      -$                            
Corrosion Inhibitor Feed Pump EA 0 15,000$                      -$                            

Fluoride Bulk Storage Tank (4,000 gallons) EA 1 15,000$                      15,000$                       
Fluoride Feed Pumps EA 1 15,000$                      15,000$                       

Chemical Building SF 0 150$                           -$                            
Electrical and I&C Improvements LS 1 151,800$                    151,800$                     

Equipment Installation LS 1 68,750$                      68,750$                      

1,232,550$                 

Residuals Handling UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Equalization Tank CY 0 550$                           -$                            

Backwash Settling Units EA 0 350,000$                    -$                            
Gravity Thickener Eq. and Thickened Sludge PS  LS 1 750,000$                    750,000$                     

Gravity Thickener Tank CY 750 550$                           412,500$                     
Centrifuges EA 1 750,000$                    750,000$                     

Dewatering Building SF 0 150$                           -$                            
Thickening Polymer System LS 1 100,000$                    100,000$                     

Centrifuge Pumps EA 1 50,000$                      50,000$                       
Thickened Sludge Storage CY 250 550$                           137,500$                     

Thickened Sludge Storage Mixer EA 1 75,000$                      75,000$                       
Electrical and I&C Improvements LS 1 455,000$                    455,000$                     
Miscellanous (Yard Piping, etc.) LS 1 227,500$                    227,500$                     

2,957,500$                 

Clearwells UNIT QUANTITY UNIT PRICE TOTAL PRICE 
Clearwell (120-ft diameter) GAL 3,000,000 0.60$                          1,800,000$                 

Electrical and I&C Improvements LS 180,000$                    -$                            
Miscellanous (Yard Piping, etc.) LS 180,000$                    -$                            

1,800,000$                 

Finished Water Pump Station UNIT QUANTITY UNIT PRICE TOTAL PRICE 
High Service Pumps EA 2 200,000$                    400,000$                     

Generator LS 1 1,000,000$                 1,000,000$                 
Pumping Station Building SF 0 150$                           -$                            

Electrical and I&C Improvements LS 1 80,000$                      80,000$                       
Miscellanous (Piping, etc.) LS 1 200,000$                    200,000$                     

1,680,000$                 

19,472,820$               
584,185$                     
973,641$                     

21,030,646$               
5,257,661$                 

26,288,307$               
5,257,661$                 

31,545,968$               
-$                            

4,731,895$                 
36,277,864$               

Phase 1-3 Total 116,558,539$             $60,437,761

Subtotal

Engineer's Design and Construction Admin Fee (15% ) 

Phase 3 Estimated Raw Water PS & Intake Improvements Total 

Subtotal for Construction 

Yard Piping (5%)

Subtotal 

Subtotal 

Contingency (25%) 

(CONTINUED) ALTERNATIVE 6: CRWSP Expansion (Catawba) Raw Water Intake, Pump Station and Water Treatment 

Plant Expansion Conceptual Cost Opinion

Subtotal

Site/Civil (3%)

Subtotal

Engineer's Design and Construction Admin Fee (15% ) 

Phase 3 Estimated WTP Total 

Contractor Overhead, Profit, General Conditions and Mobilization (20%)

Subtotal

Escalation (none)

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Treatment Plant Processes 

Raw Water Pump Station & Intake Improvements

Reservoir Pump Station & Transmission Improvements

Subtotal 

Subtotal for Construction 

Site/Civil (3%)

Subtotal

Contingency (15%) 

Subtotal

Contractor Overhead, Profit and Mobilization (20%)

Subtotal

Escalation (none)

Prorated  raw water pump station,intake , 
reservoir pump station and raw water 
transmission improvements for 28 MGD YRWSP 
2050 demand (28 MGD out of total 54 MGD 
expansion to WTP)

Prorated  WTP improvements for 28 MGD
YRWSP 2050 demand (28 MGD out of total 54 
MGD expansion to WTP) 
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Alternative 7 Cost Development ‐ Finished Water Supply From Charlotte Water

Raw Water Intake and Transmission Improvements
Intake Improvements = $9.1 M

Tranmission Improvements = $21.3 M

Length 1 Length 1 Capacity 2 Capacity Cost 
4

Alternative (miles) (feet) (mgd) Ratio 
3

($/LF)

7 6 31,680      20.2 0.57 $336 $10,635,300

Notes:
1 Raw water transmission improvement length assumed as distance from Charlotte Water's Catawba River Pump Station (Mountain Island Lake) to Franklin WTP.
2
 Raw water transmission capacity assumed to be the max day demand required from Charlotte‐Water by Union County under Alternative 7.

3 Capacity Ratio is the ratio of the Union County max day demand from Charlotte Water as a ratio of the overall Yadkin Service Area demand (35.2 MGD, max day).
4 Cost per linear foot of transmission main is equal to the average transmission cost per foot for other alternatives (approx. $585/ft) times the Capacity Ratio.

10,635,300$     
1,595,295$       

12,230,595$     
2,446,119$       

14,676,714$     
2,201,507$       

16,878,221$     

Water Treatment Plant Improvements

Capacity 2 Capacity Cost 
4

Alternative (mgd) Ratio 
3

($M)

20.2 0.57           39.3$                 

15.0 0.43           25.7$                 

Finished Water Transmission Main Take‐off to WTP Site Area C and D, by Alternative (not including land easement acquisition) 1

Length 1 Length 1 Capacity 2 Capacity Cost 
4

Alternative (miles) (feet) (mgd) Ratio 
3

($/LF)

6 37 195,360    35.2 1.00 $585 $114,285,600 Alt 6 Total
33 174,240    20.2 0.57 $336 $58,494,150 Alt 7 Total

37 195,360    15 0.43 $249 $48,701,250 $107,195,400

Notes:

2
 Finished water transmission capacity assumed to be the max day demand Union County in the Yadkin Service Area under the applicable alternative.

3
 Capacity Ratio is the ratio of the Union County max day demand from the applicable WTP, as a ratio of the overall Yadkin Service Area demand (35.2 MGD, max day).

114,285,600$   107,195,400$     
17,142,840$     16,079,310$       

131,428,440$   123,274,710$     
26,285,688$     24,654,942$       

157,714,128$   147,929,652$     
23,657,119$     22,189,448$       

181,371,247$   170,119,100$     

1
 Finished water transmission improvement length assumed as distance from applicable WTP to average of YRWSP proposed WTP Site Area C and D, to give an approximation to the 

center of the service area.

4 Cost per linear foot of transmission main is equal to the average transmission cost per foot for raw water tranmission for other alternatives (approx. $585/ft) times 

the Capacity Ratio.

Intake and raw water tranmission improvements to Charlotte Water's raw water intake are assumed to be required to fulfill a water supply agreement 

with Union County.  This would equate to a capacity fee for infrastructure relative to quantity of water to be provided to Union County.  For purposes of 

this cost estimate, these costs have been assumed to be the average cost of the lowest ($7.9 M) and highest ($10.2 M) traditional intake options 

developed for all other alternatives.  These estimates include applicable contractor overhead, contingency, and engineering cost estimates.

Water treatment facility improvements to Charlotte Water's WTP(s) are assumed to be required to fulfill a water supply agreement with Union County.  

This would equate to a capacity fee for infrastructure relative to quantity of water to be provided to Union County.  For purposes of this cost estimate, 

these costs have been assumed to be the average cost of the Yadkin River WTP options ($76.6 M) and the CRWTP Expansion option ($60.4 M), as 

developed for other alternatives.  Additionally, costs for the required expansion of the CRWTP to meet the additional demand under this alternative are 

included.  These estimates include applicable contractor overhead, contingency, and engineering cost estimates.

For Alternative 7, finished water distribution improvements to Charlotte Water's WTP(s) are assumed to be required to fulfill a water supply agreement 

with Union County.  This would equate to a capacity fee for infrastructure relative to quantity of water to be provided to Union County.

A
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 7

Subtotal 

Contingency (15%) 

Extended Subtotal

Mobilization (20%)

Extended Subtotal

) 

Estimated Project Total - Transmission

A
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e
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e
 6

Subtotal 

Contingency (15%) 

Extended Subtotal

Conditions, and Mobilization (20%)

Extended Subtotal

Fee (15% ) 

Estimated Project Total - Transmission

CRWTP
7 65.0$           

Overall Cost

7

From WTP

CRWTP
Charlotte Water

CRWTP

Fee (15% ) 

Estimated Project Total - Transmission

Overall Cost 

($M)WTP

Charlotte‐Water

A
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e
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at
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e
 7

Subtotal 

Contingency (15%) 

Extended Subtotal

Conditions, and Mobilization (20%)

Extended Subtotal

Overall Cost
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Summary of Project Water Treatment Plant Land Acquisition Costs

WTP Site Area

 Parcel Market 
value 

 Parcel Size 
(acres) 

Cost per 

Acre

WTP Area 

Needed (acres)

Prorated 

WTP Land 

Cost

WTP Cost plus 

Land

Terminal 

Reservoir Land 

Cost (Alt 4a)1

Terminal 

Reservoir Land 

Cost (Alt 5a)2

Site A 837,400$           102 8,210$        50 410,490$ 77,059,322$  492,588$             738,882$            
Site B 882,820$           56 15,765$      50 788,232$ 77,437,064$  945,879$             1,418,818$         
Site C 696,630$           50 13,933$      50 696,630$ 77,345,461$  835,956$             1,253,934$         
Site D 1,058,330$        158 6,700$        50 334,999$ 76,983,831$  401,999$             602,999$            

Notes:
1 Terminal reservoir land cost for Alternative 4 (option A) based on estimated 60 acre reservoir requirement
2 Terminal reservoir land cost for Alternative 5 (option A) based on estimated 90 acre reservoir requirement

Summary of Project Raw Water Transmission Land/Easement Acquisition Costs

Alternative

Transmission 

Length (feet)1
Easement 

Width (feet)2
Easement 

Size (sq. ft)

Easement Size 

(acres)

Easement 

Land Cost 

($/acre)

Total 

Easement 

Land Cost 

($Million)

1 163,680 60 9,820,800 225.5 8,000$     1.8$                

2A 221,760 60 13,305,600 305.5 8,000$     2.4$                

2B 221,760 60 13,305,600 305.5 8,000$     2.4$                

3A 190,080 60 11,404,800 261.8 8,000$     2.1$                

3B 158,400 60 9,504,000 218.2 8,000$     1.7$                

4 200,640 60 12,038,400 276.4 8,000$     2.2$                

5 52,800 60 3,168,000 72.7 8,000$     0.6$                

Notes:
1 Transmission length based on distance from intake to WTP Site Area C, except for Alternative 3B which is to WTP Site Area D.
2 Easement width assumed based on 10-15 feet between dual pipes and 15 feet outside of pipes, with space for 3rd future pipe if needed
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Exhibit 3
Union County, NC - Yadkin River Basin Service Area (Rocky River Sub-Basin) Projected Maximum Day Water Supply & Demand
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IN ADDITION 

28:05                                                              NORTH CAROLINA REGISTER                               SEPTEMBER 3, 2013 
377 

Union County - Proposed Interbasin Transfer 

NOTICE OF PUBLIC MEETINGS 

October 3, 2013, 4:30 PM 
Stanly County Public Library 

133 East Main Street 
Albemarle, NC 28001 

October 14, 5:00 PM 
Rowan-Cabarrus Community College – Salisbury Campus 

1333 Jake Alexander Blvd. South 
Salisbury, NC 28146-1595 

October 15, 2013, 5:00 PM 
Northeast Technical College – Cheraw Campus 

1201 Chesterfield Highway 
Cheraw, SC 29520 

Union County will hold public meetings to receive comments on their request for an interbasin transfer (IBT) certificate from the
source river basin of the Yadkin River Sub-Basin to the receiving river basin of the Rocky River Sub-Basin, both of which are part of 
the Yadkin River Basin.  Union County currently serves customers in the Catawba River Basin and the Rocky River Sub-Basin of the
Yadkin River Basin.  Union County is requesting an IBT certificate for a maximum daily flow of 28 million gallons per day (mgd)
from the Yadkin River Sub-Basin to the Rocky River Sub-Basin.  The requested transfer amount is based on 2050 water demand 
projections in Union County's Yadkin River Basin service area. 
These meetings are being held to provide stakeholders and the public an opportunity to participate in this project through an open and 
active public process, and in accordance with North Carolina General Statute 143-215.22. This statute requires that one public meeting 
be held in the source river basin (i.e. the Yadkin River Sub-Basin) both upstream and downstream from the proposed point of 
withdrawal, and that one public meeting be held in the receiving river basin (i.e. the Rocky River Sub-Basin). 
The meetings will be at the times listed above.  The format of the meetings will include a short overview presentation (~30 minutes) of 
the IBT request at the beginning and 90 minutes into the session (e.g. at 5:00 PM and 6:30 PM for meetings scheduled at 5:00 PM).  
The presentation will be the same at each venue.  The remaining time will be utilized for public questions and comment.  Based on the 
number of people who desire to comment, the length of the verbal presentations may be limited. All statements made at the meeting 
will be audio recorded, but will not be transcribed to prepare a written record of the event.  Verbal comments will be given equal 
consideration as written comments. The North Carolina Division of Water Resources staff may be in attendance.  Individuals who 
prefer to enter written comments need to submit these comments no later than November 15, 2013. 
These meetings are being conducted as part of the scoping phase of the project where Union County, the North Carolina Department
of Environment and Natural Resources, and other agencies are considering the alternatives to be evaluated, and the scope of impacts to 
be evaluated in an environmental impact statement (EIS). 

Written comments should be mailed to: 

Union County – YRWSP – IBT Comments 
HDR Engineering Inc. of the Carolinas 
Attn:  Mr. Kevin Mosteller, PE 
440 South Church Street 
Charlotte, NC 28202 

Comments may also be submitted electronically to unioncountyYRWSP@hdrinc.com.  Mailed and emailed comments will be given 
equal consideration.  The public comment period for this phase of the project closes on November 15, 2013. Interested parties will
have future opportunities to provide input during the overall IBT certificate request process. 
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Union County YRWSP – Public Scoping Meeting #1 (10-3-2013) Albemarle-Stanly County Public Library 
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Union County YRWSP – Public Scoping Meeting #2 (10-14-2013) Rowan-Cabarrus Community College-North 
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Union County YRWSP – Public Scoping Meeting #2 (10-14-2013) Rowan-Cabarrus Community College-North 
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Union County YRWSP – Public Scoping Meeting #3 (10-15-2013) Northeast Technical College, Cheraw, SC 
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C:\Users\jowillia\Desktop\Meeting #3_10-15-2013\Meeting #3_10-15-2013\Photographs_Meeting #3_10-15-2013.docx 
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Union County YRWSP – Public Scoping Meeting #3 (10-15-2013) Northeast Technical College, Cheraw, SC 
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Exhibit 3
Union County, NC - Yadkin River Basin Service Area (Rocky River Sub-Basin) Projected Maximum Day Water Supply & Demand
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North Carolina Department of Cultural Resources 
State Historic Preservation Office 

Ramona M. Bartos, Administrator 
Governor Pat McCrory                             Office of Archives and History  
Secretary Susan Kluttz                    Deputy Secretary Kevin Cherry 

Location: 109 East Jones Street, Raleigh NC 27601     Mailing Address: 4617 Mail Service Center, Raleigh NC 27699-4617   Telephone/Fax: (919) 807-6570/807-6599 

 
February 12, 2015 
 
Vickie M. Miller                                                                     vickie.miller@hdrinc.com 
HDR, Inc. 
3733 National Drive, Suite 207 
Raleigh, NC 27612-4845 
 
Re: Yadkin River Water Supply Project, Interbasin Transfer, Union County, ER 13-2841 
 
Dear Ms. Miller: 
 
Thank you for your email of December 3, 2014, concerning the above-referenced undertaking. We have 
reviewed the materials submitted and offer the following comments.  
 
As we stated in our letter of December 20, 2013, we will await the selection of the preferred alternative before 
we issue our comments detailing the need for an archaeological investigation.  However, based on the 
additional information provided, it is extremely unlikely that our office will request an archaeological survey if 
the chosen alternative is confined to existing, previously disturbed right-of-way. 
 
We understand you are considering numerous alternatives for the installation of water lines and water 
treatment plants. These alternatives are included below with our comments.  
 
Alternatives 1A and B: These alternatives have the potential to adversely affect the State Study-listed Norwood 
Commercial Historic District (ST0531), which is considered eligible for listing in the National Register of 
Historic Places (NRHP). However, if the undertaking occurs wholly within existing DOT or utility Right-of-
Ways, it is unlikely the work will adversely affect the historic district.  
 
Alternative 2A: Although the State Study-listed Carter House (ST0199), determined eligible for listing in the 
NRHP, is located in close proximity to the work proposed along Pumphouse Road, northwest of where it 
intersects with Old Whitney Farm Road, the undertaking will not adversely affect the property due to the 
distance and trees which separate the project area from the property.  
 
Alternative 2B: This alternative has the potential to adversely affect the State Study-listed C.V. Ritchie House 
(ST0254) and Culp Bungalow (ST0209) which are considered eligible for listing in the NRHP. However, if the 
undertaking occurs wholly within existing DOT or utility Right-of-Ways, it is unlikely the work will adversely 
affect the properties located along South Main Street.  
 
Alternative 3A: Because this alternative seeks to utilize gas and power line easements to minimize possible 
disturbance to private property it is unlikely the work would adversely affect any historic properties located 
within the project Area of Potential Effect (APE).  However, additional information is required in order to 
appropriately determine possible effects this alternative may have on historic properties.  
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Alternative 3B: Although a portion of the project is located within view of the National Register-listed 
Wadesboro Downtown Historic District (AN0554), it will not adversely affect the historic district, if work is 
performed in existing Right-of-Ways along Caswell Street. We also feel, work performed along US Highway 74 
will not adversely affect the Polkton Historic District (AN0575), which is determined eligible for listing in the 
NRHP, due to the distance separating the property from the project area.  
 
Alternative 4: The work proposed along Dunlap Road will not affect the Bridge (AN----), determined eligible 
for listing in the NRHP, due to the distance separating the bridge from the project area.  
 
Alternative 5: Although it does not appear this alternative will adversely affect historic properties, additional 
information is required to appropriately determine the possible effects this alternative may have on historic 
properties.  
 
Alternatives 1, 2, 3A, 4 & 5: These alternatives will not adversely affect the State Study-listed Marshall 
Baucom House and Store (UN0025), which is considered eligible for listing in the NRHP, due to the 
distance that separates the property from the project area.   
 
Alternative 6: This alternative has the potential to adversely affect the State Study-listed Broom Cotton Gin 
(UN0066). However, if the work is performed in existing DOT or utility Right-of-Ways it is unlikely to 
adversely affect the property.  
 
Alternative 7: This alternative will not affect the Long House (UN0217), which is determined eligible for 
listing in the NRHP due to the distance separating the property from the project area. It is unlikely the 
undertaking will adversely affect the State Study-listed Uriah Tilden Belk House (UN0038) determined 
eligible for listing in the NRHP if work is performed within existing DOT and utility Right-of-Ways.  
 
Alternative 8: This alternative will not affect the State Study-listed James Austin House (UN0012) and the 
Reverend Joseph Bennett House (UN0041) which are determined eligible for listing in the NRHP due to the 
distance separating the properties from the project area.  As your map demonstrates, there is a question 
regarding the current existence of the Bennett House. It is unlikely the undertaking will adversely affect the 
State Study-listed Faulks Baptist Church and Cemetery (UN0117) determined eligible for listing in the 
NRHP if work is performed within existing DOT and utility Right-of-Ways.  
 
Alternative 11: It is unlikely this alternative would adversely affect the James B. Garrison Bridge (ST0688), 
which is determined eligible for listing in the NRHP. However, additional information is required in order to 
appropriately determine the possible effects this alternative may have on historic properties.  
 
We look forward to reviewing additional information once a project alternative has been decided.  
 
The above comments are made pursuant to Section 106 of the National Historic Preservation Act and the 
Advisory Council on Historic Preservation’s Regulations for Compliance with Section 106 codified at 36 CFR 
Part 800. 
 
Thank you for your cooperation and consideration. If you have questions concerning the above comment, 
contact Renee Gledhill-Earley, environmental review coordinator, at 919-807-6579 or 
environmental.review@ncdcr.gov. In all future communication concerning this project, please cite the above 
referenced tracking number. 

Sincerely, 
 

 
Ramona M. Bartos 
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November 25, 2014 
 
Mrs. Renee Gledhill-Earley, Environmental Review Coordinator 
North Carolina Department of Cultural Resources 
State Historic Preservation Office 
4617 Mail Service Center 
Raleigh, North Carolina 27699-4617 
 
RE: Supplemental Scoping Information – Union County Yadkin River Water Supply Project – 

Interbasin Transfer Environmental Impact Statement – ER 13-2841 

Dear Mrs. Gledhill-Earley, 

Union County (County) has retained HDR Engineering, Inc. of the Carolinas (HDR) to prepare an 
Environmental Impact Statement (EIS), in accordance with the State Environmental Policy Act, for the 
interbasin transfer (IBT) certificate request for their proposed Yadkin River Water Supply Project (the 
Project).  The purpose of this supplemental scoping information letter is to provide additional alternative 
information in order to gather relevant comments on historic and cultural resources related to the 
proposed action and incorporate them into the water supply alternatives evaluation and environmental 
analyses for the Project. 

The previously circulated scoping letter dated November 8, 2013 included information on project 
background, purpose and need, project action, and area of impact.  Since that time, additional information 
regarding alternative transmission route corridors has been developed and is provided below along with 
mapping.  HDR also reviewed historic resources documented in the HPOWEB GIS Service database and 
has provided that information below and on the attached mapping in order to facilitate review and 
comments. 

Proposed Alternatives 

Twelve (12) proposed alternatives have been identified for evaluation in the EIS as noted in the original 
scoping letter.  Of the 12 alternatives proposed, nine (Alternatives 1-8 and 11) have transmission line 
corridors associated with them, which are discussed below.  There are also several water treatment 
facility sites (Sites A, B, C, and D) under consideration. These locations are described below and shown 
on the attached mapping.   

Alternative 1:  Yadkin River raw water supply from Lake Tillery (intra-basin IBT from Yadkin River 
Sub-basin to Rocky River Sub-basin) with a new water treatment plant in Union County 

There are two proposed raw water transmission main alignments being evaluated for Alternative 1. 
Alternative 1A predominately utilizes roadway right-of-way corridors through Stanly County, into Union 
County. This alignment extends approximately 24 miles from the raw water pump station on Lake Tillery 
to the proposed North Union County Water Treatment Plant. Alternative 1B utilizes an existing power 
utility easement that extends northwestward out of Norwood and then southwestward through Oakboro.  
This alignment length is approximately 26 miles from the raw water pump station on Lake Tillery to the 

hdrinc.com  
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proposed North Union Water Treatment Plant.  The proposed routes are reflected as Alternative 1A and 
1B on the attached Figures. 

Alternative 1A: The proposed route would begin in Stanly County at the proposed Raw Water Pump 
Station on the shores of Lake Tillery near the intersection of Allentown Street and Bayshore Drive in 
Norwood.  The line would extend westward along Allenton Street and then briefly travel northward along 
Alberta Street.  The alignment would travel westward to Story Street.  The transmission main would turn 
southward onto Vincent Street, and then westward on Lily Street.  The line would then turn 
southwestward onto East Whitley Street, following this road out of Norwood where it becomes Whitley 
Road, eventually merging with Mt Zion Church Road.  The line would follow Mt Zion Church Road to 
Hardy Road, at which it would travel northwestward along Hardy Road until reaching Plank Road.  At the 
Hardy Road intersection with Plank Road, the line would continue in a northwestward direction along 
Plank Road through Cottonville and then northward toward Aquadale. At the intersection of Plank Road 
and Rocky Springs Road, the alignment would turn westward and briefly follow Rocky River Springs 
Road, then cutting overland to NC-138. The line would follow NC-138 west toward Oakboro.  At the 
intersection of NC-138 with Richard Sandy Road, just east of Oakboro, the line would briefly travel 
southward on Richard Sandy Road before turning southwest and traveling overland to American Drive. 
The line would continue along American Drive, crossing NC-742 and continuing along an existing service 
drive to Rocky River Road. The line would turn southward and follow Rocky River Road to Old Sandbar 
Road.  The line would then briefly follow Old Sandbar Road westward to NC-205, at which point it would
follow NC-205 south into Union County, while crossing the Rocky River.  The line would continue 
southward along NC-205 to the proposed Site A for the North Union County Water Treatment Plant, 
located just north of New Salem, near Old Kennedy Fork Road.

Alternative 1B: The proposed route would begin in Stanly County at the proposed Raw Water Pump 
Station on the shores of Lake Tillery near the intersection of Allentown Street and Bayshore Drive in 
Norwood.  The line would extend westward along Allenton Street and then briefly travel northward along 
Alberta Street.  The alignment would travel westward to Story Street.  The transmission main would turn 
southward onto Vincent Street, and then westward on Lily Street.  The line would then turn 
southwestward onto East Whitley Street, following this road to the intersection of North Kendall Street.  
The alignment would follow North Kendal Street (eventually becoming Brickyard Road) northwestward to 
South Stanly School Road.  The alignment would briefly follow an existing railroad right-of-way to a power 
utility easement belonging to Pee Dee Electric.  The alignment would then follow this utility easement to 
the northwest to a point near NC 24/27.  At this point, the alignment would follow the utility easement to 
the southwest into Oakboro.  The transmission main would continue to follow the easement through 
Oakboro along 7th Street and then cut overland, near the site of an existing power sub-station, to NC-
205. At this point the alignment would follow NC-205 south into Union County, while crossing the Rocky 
River.  The line would continue southward along NC-205 to the proposed Site A for the North Union 
County Water Treatment Plant, located just north of New Salem, near Old Kennedy Fork Road.

Alternative 2:  Yadkin River raw water supply from Tuckertown Reservoir (intra-basin IBT from 
Yadkin River Sub-Basin to Rocky River Sub-Basin) with a new water treatment plant in Union 
County 

Alternative 2A: The 2A proposed 35-mile route would begin in Stanly County at the City of Albemarle’s 
existing intake on the shores of Badin Lake and would travel along the same corridor as Albemarle’s 
existing raw water line from Badin Lake to their US-52 Water Treatment Plant, before being directed 
through Stanly County and into Union County to a proposed new water treatment plant location.  The 
existing City of Albemarle intake site is located at the end of Pumphouse Road northwest of New London.  
The proposed Union County raw transmission main would follow the path of Albemarle’s raw water line 
easement, which roughly follows Old Whitney Road southwest to Mountain Creek Road, and continues 
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southwest to Airport Road.  At Airport Road, the proposed alignment turns west and travels to US-52, 
near the City of Albemarle’s US-52 Water Treatment Plant.

From the existing water treatment plant, the Union County raw water line would continue  turn westward, 
cross US-52 and follow Bethany Road to Old Salisbury Road where it would then turn southward and 
travel along Old Salisbury Road to Mann Road.  At this intersection, the line would briefly travel westward 
on Mann Road before turning southward onto Charlie Road to extend to Pennington Road.  The line 
would follow Pennington Road (eventually becoming Laurel Street) south to the intersection with Concord 
Road (NC-73).  The line would follow NC-73 southeast to Church Street in Albemarle and turn southward 
to West Main Street.  The alignment would follow West Main Street southwestward to St. Martin Road 
(NC-1963).  The line would then follow St. Martin Road south into Oakboro, where the road becomes 
East First Street.  The line would continue to follow East First Street to the intersection of South Main 
Street (NC-742), where it would then cross South Main Street and briefly follow Railroad Street westward 
to West Second Street (NC-205).  The line would then travel south along NC-205 to the Union County line 
where it would cross the Rocky River.  The line would continue south along NC-205 in Union County to 
the proposed Site A for the North Union County Water Treatment Plant, located just north of New Salem, 
near Old Kennedy Fork Road.

Alternative 2B:   The approximately 35-mile proposed 2B alternative would begin at the northernmost part 
of Stanly County at the site of the City of Albemarle’s existing intake and Tuckertown Water Treatment 
Plant.  This site is located near the intersection of NC-49 and NC-8 northeast of Richfield.  The line would
extend south along NC-8 and then follow US-52 south once NC-8 merges with US-52 in New London.  
The line would extend south along US-52 to the north side of the City of Albemarle and the existing City 
of Albemarle US-52 Water Treatment Plant and then follow the same alignment as described for 
Alternative 2A above. 

Alternative 3:  Yadkin River raw water supply from Blewett Falls Lake (intra-basin IBT from Yadkin 
River Sub-Basin to Rocky River Sub-Basin) with a new water treatment plant in Union County

Two options for the proposed transmission main route are considered for this alternative.  One proposed 
route (Alternative 3A) parallels gas and power line easements in Anson County, while a second proposed 
route (Alternative 3B) parallels existing roadways to minimize easements.

Alternative 3A:  This proposed alignment extends approximately 29 miles from the raw water pump 
station on Blewett Falls Lake to the proposed North Union County Water Treatment Plant.  The proposed 
route for Alternative 3A seeks to utilize existing gas and power line easements in Anson County to 
minimize disturbances to private property and major traffic corridors. This alternative would begin in 
Anson County at the site of the existing Anson County raw water intake on the shores of Blewett Falls 
Lake at the end of Filtration Plant Road, northeast of Lilesville.  The line would extend westward along 
Filtration Plant Road and then briefly travel southward along Clark Mountain Road, where would the turn 
westward onto a Duke Energy Progress power line easement and adjacent gas line easement.  The line 
would continue to follow these easements in a northwest direction through Anson County, crossing 
NC109, US-52, and NC-742 near the northeastern corner of Union County.  At Pine Log, Road, the 
alignment would turn westward and cross overland, crossing Bonnie Ross Road to Fish Road, where it 
would then continue westward along Fish Road. The alignment would continue along Fish Road towards 
New Salem.  Just north of the intersection of NC-205 and NC-218 in New Salem, the main would briefly 
travel overland to NC 205 and Old Kennedy Ford Road to the proposed Site A for the North Union County 
Water Treatment Plant.

Alternative 3B:   This proposed alignment extends approximately 30 miles beginning in Anson County at 
the site of the existing Anson County raw water intake on the shores of Blewett Falls Lake at the end of 
Filtration Plant Road, northeast of Lilesville.  The proposed line would extend westward along Filtration 
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Plant Road and then travel southward along Clark Mountain Road to the intersection with Vintage Road.  
At this intersection, the line would travel west along Vintage Road to Hailey’s Ferry Road, where it would
briefly travel southward to meet US-74.  The line would turn west at the intersection of Hailey’s Ferry 
Road with US-74 and would then follow US 74 west in Anson County through Lilesville, Wadesboro, 
Polkton, and Peachland into eastern Union County.  This line would briefly continue west on US-74 in 
Union County and then turn south at Marshville Water Plant Road.  The line would follow Marshville 
Water Plant Road to Hasty Road.  At this intersection, the line would travel west along Hasty Road to the 
proposed site of the East Union County Water Treatment Plant, located just southeast of Marshville. 

Alternative 4:  Raw water supply from the main stem of the Yadkin River (intra-basin IBT from 
Yadkin River Sub-Basin to Rocky River Sub-Basin) with a new water treatment plant in Union 
County 

This proposed alignment would extend approximately 21 miles through Anson County from a new raw 
water intake and pump station on the Pee Dee River approximately ½ mile downstream of the confluence 
of the Rocky River with the Pee Dee River.  The line would extend westward to Pinkston River Road 
where it would then travel southward along Pinkston River Road to Dunlap Road.  The line would travel 
westward along Dunlap Road to US-52 and would then travel southward along US- 52 towards 
Ansonville.  The alignment would turn west along Fries Boulevard and briefly travels overland before 
reconnecting with Fries Boulevard. At the intersection with Plank Road, the alignment turns northward 
and travels along Plank Road to the intersection of Randall Road.  At this intersection, the line would
travel northwestward along Randall Road which eventually becomes Rocky Mount Church Road.  The 
line would turn westward and travel along Burnsville Church Road to NC-742 and would then travel 
northward along NC-742 to Pine Logging Road, where it would turn westward.  The alignment would
follow Pine Logging Road and then cross overland to Fish Road and travel westward along Fish Road.  
Just north of the intersection of NC-205 and NC-218 in New Salem, the alignment would cross overland 
to NC-205 and Old Kennedy Ford Road to the proposed Site A for the North Union County Water 
Treatment Plant.

Alternative 5:  Raw water supply from the Rocky River within Union County with a new water 
treatment plant in Union County

Alternative 5 would extend approximately 3 miles beginning at the proposed raw water intake and pump 
station on the Rocky River at the Union-Stanly County line at NC-205. The raw water transmission line 
would then follow NC-205 south to the proposed Site A for the North Union County Water Treatment 
Plant, located just north of New Salem, near Old Kennedy Fork Road.

Alternative 6:  Expansion of the Catawba River Water Supply Project (modification to existing 
grandfathered IBT amount for a larger inter-basin IBT from the Catawba River Basin to the Rocky 
River Sub-Basin of the Yadkin River Basin)

The existing route for finished water transmission from the Catawba River Water Treatment Plant
(CRWTP) to Union County begins at the CRWTP in Lancaster County, SC near the town of Van Wyck.  
There are two mains which carry water from the CRWTP to two finished water storage tanks owned by 
Union County near Sims Road.  The 42-inch ductile iron main travels northeastward along Steel Hill Road 
through the Town of Van Wyck, across US Highway 521, following Niven Road to the intersection of 
Rehobeth Road (Alternative 6).  At this point both mains travel in parallel eastward along Rehobeth Road 
and continue to follow this road to the north and intersect with Sims Road.  

From the storage tanks at Sims Road, the 24-inch transmission main continues northward along 
Rehobeth Road into the western portion of the County’s Catawba River Basin water service area
including the municipalities of Waxhaw, Marvin, and Weddington.  The 42-inch transmission main 
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continues from the Sims Road storage tanks eastward along Sims Road and then eastward along Old 
Waxhaw-Monroe Road.  The main continues to follow Old-Waxhaw-Monroe Road northeastward, 
crossing over Waxhaw Road (NC-75), where the road then becomes Rocky River Road.  The 42-inch 
main briefly continues along Rocky River Road to a pump station located at the intersections of Rocky 
River Road with Watkins Road and Price Shortcut Road, at which point the transmission mains are 
reduced in size and branched in multiple directions.  The two main lines leaving the pump station are a 
24-inch service line to the north along Price Shortcut Road and a 16-inch service line traveling north 
along Rocky River Road.  The 16-inch line continues along Rocky River Road to US Highway 74 (W. 
Roosevelt Blvd.), where it then travels westward along US-74.  The 42-inch main and its associated 
branches serve eastern portion of the County’s Catawba River Basin service area and western portion of 
the Yadkin River Basin service area including the municipalities of Mineral Springs, Wesley Chapel, 
Indian Trail, Stallings, Lake Park and Hemby Bridge.

Alternative 7:  Interconnection with CMUD (inter-basin IBT from Catawba River Basin to the Rocky 
River Sub-basin of the Yadkin River Basin).

CMUD has several 16-inch finished water transmission mains which approach the Mecklenburg-Union 
County line.  Of these mains, the northernmost main is the most logical tie-in point for Union County to 
supply water to their Rocky River Sub-Basin service area.  CMUD’s main extends along NC 218 (Fairview 
Road).  The proposed tie-in location for Union County would be just southeast of the intersection of 
Whitmire Lane with Fairview Road, near Mint Hill, on the east side of I-485. The proposed extension of a
proposed finished water main into Union County would extend through the Goose Creek Watershed and 
the Town of Fairview along NC 218.

Alternative 8:  Raw Water Supply through Groundwater Withdrawal within Union County  

The raw water supply alternative (Alternative 8) includes approximately 28,300 acres of area designated 
as a groundwater well field development area south of Monroe.  Specific well locations and pipe corridor 
routes have not been developed at this time.  Should this alternative be selected as the preferred, 
additional information will be provided.  Numerous Study List and Surveyed Only structures were noted 
within this well field area as well as the nearby Center United Methodist Church which was Determined 
Eligible at the northern boundary of the well field.

The transmission corridor proposed with this alternative begins at the intersection of Snyders Store Road 
and Faulks Church Road.  The alignment follows Faulks Church Road to the northeast to Old Pageland 
Marshville Road.  The alignment then follows Old Pageland Marshville Road to the north to West Main 
Street for a short distance before turning onto Hasty Road.  The alignment then follows Hasty Road to the 
east to the proposed East Union County Water Treatment Plant (Site D). 

Alternative 11: Wastewater Returns to the Yadkin-Pee Dee River Basin

The proposed transmission alignment for Alternative 11 would begin at the Monroe WWTP.  From the 
Monroe WWTP, the transmission alignment would follow Monroe-Ansonville Road (SR1751) east to 
Ansonville Road (SR1002).  The alignment would follow Ansonville Road to the northeast to NC 205 at 
which point it would travel northward along NC 205 towards New Salem.  Where the alignment reaches 
the proposed Alternative 1 alignment, the wastewater conveyance alignment would follow an identical 
alignment as the raw water transmission alignment for Alternative 1 northeastward to Norwood. Once 
reaching US 52 in Norwood, the wastewater conveyance alignment would diverge from the raw water 
conveyance alignment and travel northward toward the headwaters of Lake Tillery.  The proposed 
alignment for Alternative 11 would cross over US 52 in Norwood and follow Pee Dee Avenue northward.  
Pee Dee Avenue eventually becomes Indian Mound Road, and the proposed alignment would continue 
northward along Indian Mound Road to the intersection with Troy Road (NC 24/27/73), southeast of 
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Albemarle.  At this location, the alignment would travel eastward along Troy Road approximately 1 mile to 
the upstream reach of Lake Tillery, where it would discharge into the river.  

Water Treatment Plant Sites B and C (Associated with Alternatives 1, 2, 3A, 4, and 5)

Three proposed Water Treatment Plant Sites are being included for study in the EIS which include Site A 
as described in the above alternatives as well as two additional study locations, Sites B and C.  
Alternative alignments 1, 2, 3A, 4, and 5 are all described above to a common location ending at Site A.  
The following description details the additional transmission routes that would be necessary to get to 
proposed Sites B and C from Site A.

The Site B alignment would continue an additional 8 miles southward along NC-205 to NC-218 at New 
Salem.  The alignment would turn southwest on NC-218 and travel to Haigler Gin Road, where it would 
turn onto this road.  The alignment would follow Haigler Gin Road to the southwest and travel to Morgan 
Mill Road (NC-200), where it would turn and continue south on Morgan Mill Road.  The line would then 
turn west off of Morgan Mill Road onto Henry Baucom Road to the proposed Site B for the Yadkin River 
Water Treatment Plant.

The Site C alignment would continue an additional 7 miles southward along NC-205 to the southwest 
onto New Salem Road.  The alignment would continue to follow New Salem Road to the southwest to the 
proposed Site Area C for the Yadkin River Water Treatment Plant, in the proximity of Mullis Newsome 
Road, Baucom Tarleton Road, and Lawyers Road.

Water Treatment Plant Site D (Associated with Alternatives 3B and 8)

This site is being included in the EIS and is associated with Alternative 3B and Alternative 8 described 
earlier.  This plant is being referred to as the East Union County Water Treatment Plant and is just 
southeast of Marshville.  Both of these alternative end at a location just south of US 74 in the proximity of 
Hasty Road near the intersection with Landsford Road.

Nearby Historic Resources

The following table includes a list of historic resources/properties identified in or near the proposed project 
corridors described above and from the information available in the HPOWEB Database.  The attached 
mapping also illustrates the locations of these resources.  Properties that were “Surveyed Only” (SO) and
those noted as “Gone” or “Replaced” (a bridge designation) in the database are not included on the 
attached mapping for clarity.  Resources within 1 mile of the project corridors are labeled on the mapping.

Alternatives Name of Resource County National Register 
Listing Status Site ID See 

Figure:
1A, 1B, 11 Norwood Commercial District Stanly Study List ST0531 3a
1A, 1B, 11 Norwood Railroad Complex Stanly Blockface ST0538 3a
1A, 1B, 11 Efrid-Skidmore House Stanly Study List ST0512 3a

1A, 11 Cottonville Crossroads Stanly Surveyed Area ST0323 3j
2A Carter House (The Farmhouse) Stanly Study List ST0199 3b
2B C.V. Ritchie House Stanly Study List ST0254 3c
2B Culp Bungalow Stanly Study List ST0209 3c

3B Wadesboro Downtown Historic 
District Anson Listed AN0554 3d 

3B Polkton Historic District Anson Determined 
Eligible AN0575 3k

4 Bridge Anson Determined 
Eligible AN---- 3e

6 Broom Cotton Gin Union Study List UN0066 3f
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Alternatives Name of Resource County National Register 
Listing Status Site ID See 

Figure:

7 Long House Union Determined 
Eligible UN0217 3g 

7 Uriah Tilden Belk House Union Study List UN0038 3h
1, 2, 3a, 4, 5, 

& Site B 
Marshall Baucom House and 

Stores Union Study List UN0025 3i 

8 Faulks Baptist Church and 
Cemetery Union Study List UN0117 3n

8 James Bivens House Union Study List UN0052 3m
8 James Austin House Union Study List UN0012 3l

11 James B. Garrison Bridge Stanly Determined 
Eligible ST0688 3o

Only one nearby resource, the Wadesboro Downtown Historic District, is currently listed on the National 
Register of Historic Places.  The historic district appears to be very close to the proposed alignment for 
Alternative 3B in Wadesboro.  Additional guidance related to this district as well as other historic/cultural 
resources determined to be nearby is requested.  We look forward to your comments and appreciate your 
participation in this project. Should you need additional information or more detailed mapping, please 
contact me at 919.232.6637 or vickie.miller@hdrinc.com. 

Sincerely,

HDR Engineering, Inc. of the Carolinas

Vickie Miller, AICP, PWS
Senior Environmental Scientist

Figure 1: Union County IBT Alternatives Overview
Figure 2: Union County IBT Alternative Corridors Overview (6 Sheets)
Figure 3: Union County IBT Alternatives and SHPO Resources (15 Sheets) 
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Yadkin River Water Supply Project - Alternatives Overview
Figure 1

Union County Public Works | Yadkin River Water Supply Project Planning & Preliminary Engineering
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Yadkin River Water Supply Project - Alternatives Overview - Potential Siting Areas A, B, C
Figure 2a

Union County Public Works | Yadkin River Water Supply Project Planning & Preliminary Engineering
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Yadkin River Water Supply Project - Alternatives Overview - Potential Siting Areas A
Figure 2b

Union County Public Works | Yadkin River Water Supply Project Planning & Preliminary Engineering
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Yadkin River Water Supply Project - Alternatives Overview - Potential Siting Areas B
Figure 2b

Union County Public Works | Yadkin River Water Supply Project Planning & Preliminary Engineering
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Yadkin River Water Supply Project - Alternatives Overview - Potential Siting Areas C
Figure 2b

Union County Public Works | Yadkin River Water Supply Project Planning & Preliminary Engineering

\\C
lts

m
ai

n\
gi

s_
da

ta
\G

IS
\P

ro
je

ct
s\

00
02

40
_U

ni
on

C
ou

nt
y\

02
14

32
3_

U
C

Y
R

W
S

P
Pe

rm
it-

P
re

lim
E

ng
\m

ap
_d

oc
s\

m
xd

\S
H

PO
\S

H
P

O
 S

he
et

s 
7_

9_
14

_P
ot

en
tia

lS
iti

ng
A

re
as

.m
xd

 | 
La

st
 U

pd
at

ed
: 0

1.
16

.2
01

4

Alt 1

Alt 2

Alt 3

Alt 4

Alt 6

Alt 7

Alt 11

Multiple Overlapping Alts

Potential Siting Areas

Local District Boundaries

NR Boundaries
DOE

NR

NRD

SL

SLDOE

NR Points

!! NR individual listing

"!! NR and Local Landmark

^̂ NRHD Center Point

"" SL individual entry

""" SL and Landmark

## SL and DOE

"## SL, DOE, and Landmark

*# Determined Eligible - DOE

"*# DOE and Landmark

^̂ DOEHD, None, None

"$$ Surveyed, Local Landmark

$$ Surveyed in NRHD

"$$ Surveyed, Landmark, in NRHD

"$$$ Surveyed, Landmark, NRHD, Gone

GG Blockface

GG Blockface in NRHD

^̂ Surveyed Area Center Point

^̂ Local Distric Center Point

0 2 4

Miles

1 in = 2 miles

[

D-86



Yadkin River Water Supply Project - Alternatives Overview - Potential Siting Areas A, B, C, D
Figure 2c

Union County Public Works | Yadkin River Water Supply Project Planning & Preliminary Engineering
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Yadkin River Water Supply Project - Alternatives Overview - Potential Siting Areas A
Figure 2d

Union County Public Works | Yadkin River Water Supply Project Planning & Preliminary Engineering
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Yadkin River Water Supply Project - Alternatives Overview - Potential Siting Areas B
Figure 2d

Union County Public Works | Yadkin River Water Supply Project Planning & Preliminary Engineering

\\C
lts

m
ai

n\
gi

s_
da

ta
\G

IS
\P

ro
je

ct
s\

00
02

40
_U

ni
on

C
ou

nt
y\

02
14

32
3_

U
C

Y
R

W
S

P
Pe

rm
it-

P
re

lim
E

ng
\m

ap
_d

oc
s\

m
xd

\S
H

PO
\S

H
P

O
 S

he
et

s 
7_

9_
14

_P
ot

en
tia

lS
iti

ng
A

re
as

.m
xd

 | 
La

st
 U

pd
at

ed
: 0

1.
16

.2
01

4

Alt 1

Alt 2

Alt 3

Alt 4

Alt 6

Alt 7

Alt 11

Multiple Overlapping Alts

Potential Siting Areas

Local District Boundaries

NR Boundaries
DOE

NR

NRD

SL

SLDOE

NR Points

!! NR individual listing

"!! NR and Local Landmark

^̂ NRHD Center Point

"" SL individual entry

""" SL and Landmark

## SL and DOE

"## SL, DOE, and Landmark

*# Determined Eligible - DOE

"*# DOE and Landmark

^̂ DOEHD, None, None

"$$ Surveyed, Local Landmark

$$ Surveyed in NRHD

"$$ Surveyed, Landmark, in NRHD

"$$$ Surveyed, Landmark, NRHD, Gone

GG Blockface

GG Blockface in NRHD

^̂ Surveyed Area Center Point

^̂ Local Distric Center Point

0 2 4

Miles

1 in = 2 miles

[

D-89



Yadkin River Water Supply Project - Alternatives Overview - Potential Siting Areas C
Figure 2d

Union County Public Works | Yadkin River Water Supply Project Planning & Preliminary Engineering
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Yadkin River Water Supply Project - Alternatives Overview - Potential Siting Areas A, B, C
Figure 2e

Union County Public Works | Yadkin River Water Supply Project Planning & Preliminary Engineering
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Yadkin River Water Supply Project - Alternatives Overview - Potential Siting Areas A, B, C, D
Figure 2f

Union County Public Works | Yadkin River Water Supply Project Planning & Preliminary Engineering
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Yadkin River Water Supply Project - Alternatives and SHPO Resources
Figure 3a

Union County Public Works | Yadkin River Water Supply Project Planning & Preliminary Engineering
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Yadkin River Water Supply Project - Alternatives and SHPO Resources
Figure 3b

Union County Public Works | Yadkin River Water Supply Project Planning & Preliminary Engineering
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Yadkin River Water Supply Project - Alternatives and SHPO Resources
Figure 3c

Union County Public Works | Yadkin River Water Supply Project Planning & Preliminary Engineering
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Yadkin River Water Supply Project - Alternatives and SHPO Resources
Figure 3d

Union County Public Works | Yadkin River Water Supply Project Planning & Preliminary Engineering
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Yadkin River Water Supply Project - Alternatives and SHPO Resources
Figure 3e

Union County Public Works | Yadkin River Water Supply Project Planning & Preliminary Engineering

\\c
lts

m
ai

n\
gi

s_
da

ta
\G

IS
\P

ro
je

ct
s\

00
02

40
_U

ni
on

C
ou

nt
y\

02
14

32
3_

U
C

Y
R

W
SP

P
er

m
it-

P
re

lim
E

ng
\m

ap
_d

oc
s\

m
xd

\S
H

P
O

\S
H

P
O

 In
di

vi
du

al
 S

ite
s 

20
14

11
25

_J
T.

m
xd

 | 
La

st
 U

pd
at

ed
: 0

1.
16

.2
01

4

Alt 1

Alt 2

Alt 3

Alt 4

Alt 6

Alt 7

Alt 8

Multiple Overlapping Alts

Alt 11

NR Boundaries
DOE

NR

NRD

SL

SLDOE

NR Points

!! NR individual listing

"!! NR and Local Landmark

^̂ NRHD Center Point

"" SL individual entry

""" SL and Landmark

## SL and DOE

"## SL, DOE, and Landmark

*# Determined Eligible - DOE

"*# DOE and Landmark

^̂ DOEHD, None, None

"$$ Surveyed, Local Landmark

$$ Surveyed in NRHD

"$$ Surveyed, Landmark, in NRHD

"$$$ Surveyed, Landmark, NRHD, Gone

GG Blockface

GG Blockface in NRHD

^̂ Surveyed Area Center Point

^̂ Local Distric Center Point

0 200 400

Feet

1 inch = 200 feet

[

D-97



Yadkin River Water Supply Project - Alternatives and SHPO Resources
Figure 3f

Union County Public Works | Yadkin River Water Supply Project Planning & Preliminary Engineering
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Yadkin River Water Supply Project - Alternatives and SHPO Resources
Figure 3g

Union County Public Works | Yadkin River Water Supply Project Planning & Preliminary Engineering
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Yadkin River Water Supply Project - Alternatives and SHPO Resources
Figure 3h

Union County Public Works | Yadkin River Water Supply Project Planning & Preliminary Engineering
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Yadkin River Water Supply Project - Alternatives and SHPO Resources
Figure 3i

Union County Public Works | Yadkin River Water Supply Project Planning & Preliminary Engineering
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Yadkin River Water Supply Project - Alternatives and SHPO Resources
Figure 3j

Union County Public Works | Yadkin River Water Supply Project Planning & Preliminary Engineering

\\c
lts

m
ai

n\
gi

s_
da

ta
\G

IS
\P

ro
je

ct
s\

00
02

40
_U

ni
on

C
ou

nt
y\

02
14

32
3_

U
C

Y
R

W
SP

P
er

m
it-

P
re

lim
E

ng
\m

ap
_d

oc
s\

m
xd

\S
H

P
O

\S
H

P
O

 In
di

vi
du

al
 S

ite
s 

20
14

11
25

_J
T.

m
xd

 | 
La

st
 U

pd
at

ed
: 0

1.
16

.2
01

4

Alt 1

Alt 2

Alt 3

Alt 4

Alt 6

Alt 7

Alt 8

Multiple Overlapping Alts

Alt 11

NR Boundaries
DOE

NR

NRD

SL

SLDOE

NR Points

!! NR individual listing

"!! NR and Local Landmark

^̂ NRHD Center Point

"" SL individual entry

""" SL and Landmark

## SL and DOE

"## SL, DOE, and Landmark

*# Determined Eligible - DOE

"*# DOE and Landmark

^̂ DOEHD, None, None

"$$ Surveyed, Local Landmark

$$ Surveyed in NRHD

"$$ Surveyed, Landmark, in NRHD

"$$$ Surveyed, Landmark, NRHD, Gone

GG Blockface

GG Blockface in NRHD

^̂ Surveyed Area Center Point

^̂ Local Distric Center Point

0 200 400

Feet

1 inch = 200 feet

[

D-102



Yadkin River Water Supply Project - Alternatives and SHPO Resources
Figure 3k

Union County Public Works | Yadkin River Water Supply Project Planning & Preliminary Engineering
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Yadkin River Water Supply Project - Alternatives and SHPO Resources
Figure 3l

Union County Public Works | Yadkin River Water Supply Project Planning & Preliminary Engineering
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Yadkin River Water Supply Project - Alternatives and SHPO Resources
Figure 3m

Union County Public Works | Yadkin River Water Supply Project Planning & Preliminary Engineering
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Yadkin River Water Supply Project - Alternatives and SHPO Resources
Figure 3n

Union County Public Works | Yadkin River Water Supply Project Planning & Preliminary Engineering
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Yadkin River Water Supply Project - Alternatives and SHPO Resources
Figure 3o

Union County Public Works | Yadkin River Water Supply Project Planning & Preliminary Engineering
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From: Miller, Vickie M
To: renee.gledhill -earley@ncdcr.gov
Subject: Yadkin River Water Supply Project, Interbasin Transfer, Union County, ER 13-2841
Date: Tuesday, November 25, 2014 4:04:15 PM
Attachments: Supplemental Scoping_Yadkin River IBT_Union_ER 13-2814_reduced.pdf

Hello Renee,

I have been working on the Yadkin River Water Supply project and several alternatives and water
treatment plant options have been developed.  We have created mapping with the HPOWEB Database
information on it and a detailed description of the alternatives/alignments in the attached letter.  I know
there are a lot of options detailed but any direction on these would be greatly appreciated.  The letter
outlines the transmission line corridors being assessed as well as 4 treatment plant sites.  Hopefully the
mapping and table helps narrow down the resources around the transmission lines and proposed
treatment plant options.  If you have any questions or comments, please feel free to call or email me.

Thanks,
Vickie

Vickie M. Miller, AICP, PWS
Senior Environmental Scientist / Planner

HDR
3733 National Drive, Suite 207
Raleigh, NC 27612-4845
D 919.232.6637 M 919.559.2632
vickie.miller@hdrinc.com

hdrinc.com/follow-us
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From: Miller, Vickie M
To: "Gledhill-earley, Renee"
Subject: RE: Yadkin River Water Supply Project, Interbasin Transfer, Union County, ER 13-2841
Date: Wednesday, December 03, 2014 1:58:00 PM

Hi Renee,

That isn’t a problem. I just sent it to you based on the previous response letter which had your email
on it.  I will send it to the environmental review address today.

Thanks,
Vickie

Vickie Miller, AICP, PWS
D 919.232.6637 M 919.559.2632

hdrinc.com/follow-us

From: Gledhill-earley, Renee [mailto:renee.gledhill-earley@ncdcr.gov] 
Sent: Monday, December 01, 2014 4:08 PM
To: Miller, Vickie M
Subject: RE: Yadkin River Water Supply Project, Interbasin Transfer, Union County, ER 13-2841
 
Vickie:
I hate to ask, but will you please send your email to our environmental review emailbox at:               
environmental.review@ncdcr.gov
 
You will get an autoreply to let you know we got it. By following the advice in the note below my
signature, you can help us expedite your project.
 
Thanks,
R
 
--
Renee Gledhill-Earley
Environmental Review Coordinator
NC State Historic Preservation Office
4617 Mail Service Center
Raleigh, NC 27699-4617
Phone: 919-807-6579  Fax: 919-807-6599
http://www.hpo.dcr.state.nc.us
Please Note: Requests for project review or responses to our review comments should be sent to our
Environmental Review emailbox at environmental.review@ncdcr.gov not to this personal mailbox. Otherwise, I
will have to return your request and ask that you send it to the proper mailbox. This will cause delays in your
project. Information on email project submittal is at: http://www.hpo.ncdcr.gov/er/er_email_submittal.html
*This message does not necessarily represent the policy of the Department of Cultural Resources. E-Mail to and
from me, in connection with the transaction of public business, is subject to the North Carolina Public Records Law
(N.C.G.S. 132) and may be disclosed to third parties.*
 

From: Miller, Vickie M [mailto:Vickie.Miller@hdrinc.com]
Sent: Tuesday, November 25, 2014 4:04 PM
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To: Gledhill-earley, Renee
Subject: Yadkin River Water Supply Project, Interbasin Transfer, Union County, ER 13-2841
 
Hello Renee,

I have been working on the Yadkin River Water Supply project and several alternatives and water
treatment plant options have been developed.  We have created mapping with the HPOWEB Database
information on it and a detailed description of the alternatives/alignments in the attached letter.  I know
there are a lot of options detailed but any direction on these would be greatly appreciated.  The letter
outlines the transmission line corridors being assessed as well as 4 treatment plant sites.  Hopefully the
mapping and table helps narrow down the resources around the transmission lines and proposed
treatment plant options.  If you have any questions or comments, please feel free to call or email me.

Thanks,
Vickie

Vickie M. Miller, AICP, PWS
Senior Environmental Scientist / Planner

HDR
3733 National Drive, Suite 207
Raleigh, NC 27612-4845
D 919.232.6637 M 919.559.2632
vickie.miller@hdrinc.com

hdrinc.com/follow-us
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From: DCR - Environmental_Review
To: Miller, Vickie M
Subject: DCR Environmental Review
Date: Wednesday, December 03, 2014 2:03:39 PM

Thank you for your email submission.  We will log it into our tracking system for review.

D-111



From: DCR - Environmental_Review
To: Miller, Vickie M
Subject: Automatic reply: Yadkin River Water Supply Project, Interbasin Transfer, Union County, ER 13-2841
Date: Wednesday, December 03, 2014 2:04:10 PM

Thank you for your email submission. We will log it into our tracking system for review. 

We prefer receiving attachments. All attachments should be in .pdf, .doc (or
.docx), or .jpeg formats.

Please do not send .zip, .tif files, downloads, or links to websites as we are not
able to process these types of items. The message size, including all
attachments, should be NO larger than 10 megabytes.
Please allow 30 days for a response.
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Williams, Jonathan

From: Union County YRWSP
Sent: Thursday, September 19, 2013 9:33 AM
To: Michael S. Acquesta
Cc: Union County YRWSP
Subject: RE: Union County IBT
Attachments: UC-YRWSP_NOI Exhibit 1.pdf; UC-YRWSP_NOI Exhibit 2.pdf

Mr.�Acquesta,�
�
Thank�you�for�interest�in�this�project.��Per�your�request,�two�figures�are�attached,�which�were�previously�submitted�with�
the�Notice�of�Intent�to�the�North�Carolina�Environmental�Management�Commission.��Exhibit�1�reflects�the�current�water�
supply�sources�for�Union�County,�denoted�in�blue,�and�the�proposed�future�Yadkin�River�water�supply�to�serve�its�Yadkin�
River�Basin�service�area�(Rocky�River�Sub�basin)�denoted�in�purple.��Exhibit�2�reflects�the�Catawba�River�Basin�and�Yadkin�
River�Basin�service�areas�for�Union�County’s�water�system.��As�part�of�these�public�meetings�Union�County�is�in�the�
process�of�scoping�alternatives�to�evaluate�as�part�of�the�Environmental�Impact�Study.�
�
Regards,�
�
Union�County�Yadkin�River�Water�Supply�Project�
�
From: Michael S. Acquesta [mailto:macquesta@mesco.com]
Sent: Tuesday, September 10, 2013 3:33 PM 
To: Union County YRWSP 
Subject: Union County IBT 

Can you provide me with a map showing where the water withdrawal will take place? I would like to have this 
map prior to any of the public hearings.  Thanks. 

Michael S. Acquesta, PE, PhD 
Municipal Engineering Services Co., PA 
671 West King Street 
PO Box 349 
Boone, NC. 28607 
(828)262-1767 (O) 
(919)971-5859 (C) 
macquesta@mesco.com
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Exhibit 1

\\cltsmain\gis_data\GIS\Projects\000240_UnionCounty\0214323_UCYRWSPPermit-PrelimEng\map_docs\mxd\IBTBasemap.mxd | Last Updated: 08.06.2013
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County’s Yadkin River  
Service Area
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(mmmggddd)))
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Exhibit 2

\\cltsmain\gis_data\GIS\Projects\000240_UnionCounty\0214323_UCYRWSPPermit-PrelimEng\map_docs\mxd\WSA_2010.mxd | Last Updated: 08.07.2013
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UNION COUNTY, NC – WATER SUPPLY SERVICE AREAS

D-117



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This page intentionally left blank. 

D-118



1

Williams, Jonathan

From: Angela Williams <angelaw@lcwasd.org>
Sent: Thursday, November 14, 2013 2:42 PM
To: Union County YRWSP; Edward. Goscicki
Cc: Steven White; Mike Bailes (mbailes@crwtp.org); Brad Bucy
Subject: Union County Yadkin River Water Supply Project Public Comments
Attachments: DOC.PDF

Please read the attached letter from Stephen White at Lancaster County Water and Sewer District.  

Thanks,  
Angela Williams 
Administrative Assistant  
Lancaster County Water & Sewer  
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United States Department of the Interior    

FISH AND WILDLIFE SERVICE 
Asheville Field Office 160 

Zillicoa Street                           

Asheville, North Carolina 

28801  

    July 17, 2015    

    

    

    

Mr. Harold M. Brady 

NCDENR, Division of Water 

Resources  

1601 Mail Service Center 

Raleigh, NC  27699-1601    

    

Dear Mr. Brady:    

    

Subject: Draft Union County Interbasin Transfer Environmental Impact Statement 

    

We received your letter dated June 23, 2015 (received June 25, 2015), transmitting and 
requesting our comments on the subject project.  We have reviewed the information presented 
and we are providing the following comments in accordance with the provisions of the Fish and 
Wildlife Coordination Act, as amended (16 U.S.C. 661-667e); the National Environmental 

Policy Act (42 U.S.C.§ 4321 et seq.);  and section 7 of the Endangered Species Act of 1973, as 
amended (16 U.S.C. 1531-1543) (Act). 

 
Union County (County) is requesting an Interbasin Transfer (IBT) certificate for a maximum 

month average daily amount of 23 million gallons per day (mgd) (maximum day amount of 28 

mgd) from the Yadkin River basin to the Rocky River basin.  The County serves customers in 

the Catawba River basin and the Rocky River basin of the Yadkin River basin. The County has a 

5 mgd IBT from the Catawba River basin to the Rocky River basin, and a 4 mgd water purchase 

agreement with Anson County.  The requested IBT certificate would meet the 2050 water supply 

needs of the County. 

 
Twelve alternatives were evaluated and Alternative 1 (raw water supply from Lake Tillery) is the 

preferred alternative.  Lake Tillery and Rocky River and its tributaries in the Yadkin-Pee Dee 

River basin flow through the Alternative 1 project area.  However, it is unclear which 

Alternative 1 – A or B, or which water treatment plant (WTP) site (A, B, or C) will be part of the 

preferred alternative.  We have no objection to the selection of Alternative 1.  However, we 

support the selection of Alternative 1A and WTP A site. When compared to Alternative 1B and 

WTP B and C, Alternative 1A and WTP A site have less impact to forested lands, the 100-year 

floodplain, wetlands, perennial streams, and riparian buffers. 
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We are concerned with the stream-crossing technique (open-cut trenching) that is being proposed 
for this project.  From our past experiences with similar projects, we believe this technique 
increases the likelihood of future lateral movement of the stream (which could undercut or erode 

around the utility line), and the correction of these problems could result in additional future 
maintenance and impacts to the stream.  Therefore, we recommend the use of directional boring 
under the stream in order to prevent stream impacts.  All utility crossings should be kept to a 
minimum, and all utility infrastructures should be kept out of riparian buffer areas.  Directional 

boring under streams significantly minimizes impacts to aquatic resources and riparian buffers.  
If this method cannot be used and trenching is determined to be the only viable method, the 
crossing should be made perpendicular to the stream flow, and we recommend the development 
of a stream-bank monitoring and maintenance program that would allow for the prompt 

stabilization of stream banks near the utility crossing (should any stream-bank erosion or 
destabilization occur) throughout the life of this project.  If any water lines will be installed 
parallel to stream channels, then a minimum 100 foot setback for perennial streams and a 50-foot 
setback for intermittent streams and wetlands should be maintained.  

 
The draft EIS mistakenly refers to “Federal Species of Concern” as “federally listed species .”  

Federal Species of Concern (FSC) are not only not federally listed species but they are not 

legally protected under the Endangered Species Act and are not subject to any of its provisions, 

including section 7.  Including FSCs in the comparison of alternatives as listed species does not 

provide an accurate representation of potential impacts on species listed under the Endangered 

Species Act. 

 

All of the alternatives have the potential to impact one or more federally listed species 

(Michaux’s sumac, Carolina heelsplitter, Schweinitz’s sunflower, smooth coneflower, red-

cockaded woodpecker, or northern long-eared bat) and any selected alternative will thus, as 

noted in the EIS, require a survey of suitable habitat within the selected route.  Of particular 

concern is the possible direct effects of Alternative 7 on the federally endangered Carolina 

heelsplitter.  This alternative would cross both Goose and Duck Creeks – two of the last three 

streams known to harbor this extremely rare species in North Carolina (Waxhaw Creek in Union 

County is the third location).  Alternative 7 would likely require formal consultation with our 

agency. 

 

Of as much concern as the potential adverse impacts of the direct impacts of this project are the 

secondary impacts, particularly the increase in impervious surfaces.  Additional impervious 
surface associated with new development results in an increase in stormwater runoff that can 
exert significant impacts on stream morphology.  This will cause further degradation of aquatic 
habitats through accelerated stream bank erosion, channel and bedload changes, altered 

substrates, and scouring of the stream channel.  In addition, pollutants (e.g., sediment, heavy 
metals, pesticides, and fertilizers) washed from roads and urban landscapes can adversely affect 
and extirpate species downstream of developed areas. 
 

We acknowledge that the County and local governments within the service area have some 
measures to protect riparian buffers and manage stormwater and impervious surfaces, mainly 
through NPDES Phase II Post Construction requirements and/or Water Supply Watershed Rules.  
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However, most allow development within the 100-year floodplain.  In addition, the Site Specific 
Water Quality Management Plan for the Goose Creek Watershed applies to portions of the 
service area. While some of these measures provide protection for aquatic and terrestrial wildlife 

resources, we are concerned that many of the measures may not be adequate to protect aquatic 
and terrestrial wildlife resources from impacts associated with additional new development 
facilitated by the project. 
 

We recommend the County and local governments in the service area consider integrating 

additional measures to address the issues of development and its impact on water quality and 

aquatic and terrestrial wildlife habitat before degradation of area streams occurs, particularly in 

the Goose, Duck, and Waxhaw Creek watersheds.  Adopting ordinances that protect wide 

forested riparian corridors and the 100-year floodplain and that adequately treat stormwater in 

development areas are essential to protect water quality and aquatic habitat in developing 

landscapes.  The North Carolina Wildlife Resource Commission’s (NCWRC) Guidance 

Memorandum to Address and Mitigate Secondary and Cumulative Impacts to Aquatic and 

Terrestrial Wildlife Resources and Water Quality (August 2002; 

http://www.ncwildlife.org/Portals/0/Conserving/documents/2002_GuidanceMemorandumforSec

ondaryandCumulativeImpacts.pdf) details measures to minimize secondary and cumulative 

impacts to aquatic and terrestrial wildlife resources.  The “Specific Mitigation Measures for 

Waters Containing Federally Listed Species” applies to those watersheds that support the 

Carolina heelsplitter.  Also, the Green Growth Toolbox 

(http://www.ncwildlife.org/Conserving/Programs/GreenGrowthToolbox.aspx) provides 

information on nature-friendly planning. 

 

Thank you for allowing us to comment on this project.  If you have any questions, please contact 

Mr. Allen Ratzlaff of our staff at 828/258-3939, Ext. 229.  In any future correspondence 
concerning this project, please reference our Log Number 4-2-15-425.  

 

 

cc:  

Ms. Shari L. Bryant, Eastern Piedmont Region Permit Reviewer, North Carolina Wildlife Resources 

Commission, P.O. Box 129, Sedalia, NC 27342-0129 
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Draft Environmental Impact Statement Comments and Response to Comments  
(From Public Comment Period 8/31/2015 to 11/16/2015) 

A. Commenter(s): Duke Energy (Date 10/14/2015) 

Comment 
# 

Request or Comment Response to Comment 

A.1 Executive Summary and Numerous Places in the 
Document: There are incorrect references to the Yadkin 
River in the Draft EIS which should correctly refer to the 
Pee Dee River. The Yadkin River becomes the Pee Dee 
River at the confluence of the Uwharrie River and the 
Yadkin River in the headwaters of Lake Tillery. The 
intake location for the preferred alternative is in Lake 
Tillery, downstream of the Uwharrie River, and therefore 
in the Pee Dee section of the river. We understand the 
entire source basin is called the Yadkin River in the 
State regulation governing IBTs, thus the references to 
the Yadkin IBT River Basin; however, many other 
references should be changed to either the Yadkin-Pee 
Dee River or the Pee Dee River. 

References to the “Yadkin River” and “Pee Dee River” have been 
updated throughout the document to more accurately reflect the 
appropriate river name, based on location, in response to the 
reviewer’s comment. 

A.2 Executive Summary, page ES-1: Water needs in the 
County’s Yadkin IBT River Basin Service Area are 
projected to increase from a current (2013) maximum 
month average daily demand of 7.7 million gallons per 
day (mgd) to 28.9 mgd by 2050 (equivalent to a current 
maximum daily demand of 9 mgd to 35.3 mgd by 2050). 
This equates to an Annual Growth Rate (AGR) of 3.5% 
per year. This number is higher than the projections for 
some comparable neighboring Catawba-Wateree River 
Basin water suppliers (e.g., Town of Mooresville, 1.47% 
annual growth rate, etc.). This larger growth rate should 
be explained in greater detail (e.g., service area 
expansion, etc.). 

Water demand growth rates are based on both Union County 
population growth projections and projected service area expansion of 
Union County’s water system within its Yadkin River Basin Service 
Area.  These projections, assumptions and growth rates are presented 
in Section 2.3.  Additionally, Tables 2-1 and 2-2 reflect the service 
area growth projections for Union County’s water system.  The 
Executive Summary has been updated to include a brief reference to 
the water demand increase being a result of projected county 
population growth and Union County water system service area 
growth, while also referencing Section 2.3 for additional details on the 
basis for the projections. 
 
It is important to note that comparison of the Union County water 
system to the Town of Mooresville is not a “best fit” comparison.  
Several distinct differences between these two water systems exist 
which affect the potential for future system demand growth.  The Town 
of Mooresville is a municipal (city) system, with its customer base 
essentially limited to the jurisdiction of the city limits.  Thus, there is 
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Comment 
# 

Request or Comment Response to Comment 

limited ability for system expansion and new customer growth will be 
limited to either infill development or annexation.   
 
Union County, however, is a county-wide system, which currently 
serves a limited portion of the county in its Yadkin River Basin Service 
Area (Rocky River IBT Basin).  Over the last 15 years, Union County 
has been one of the fastest growing counties in North Carolina and, at 
times, one of the fastest growing counties in the nation.  With the 
extent of growth having previously occurred in the County’s Catawba 
River Basin Service Area, growth is now being experienced within the 
County’s Yadkin River Basin Service Area.  Such growth in this area is 
projected to intensify and also presents the need for system expansion 
within this area to serve both current and future residents. 
 
Such considerations have been made in the development of Union 
County’s water demand projections within the EIS and are indicative of 
sustained growth Union County has experienced in the past and is 
expected to experience in the future. 

A.3 For Illustration ES-1 and other similar images, the 
2050 12-mile Water Reclamation Facility (WRF) return to 
the Catawba River Basin combined with the 2050 IBT 
from the Catawba Basin is confusing and seems to imply 
a net increase to the Catawba River Basin. 

While Illustrations ES-1 and 2-3 may seem to indicate a net increase 
to the Catawba River Basin, it should be considered that the 
illustrations are simply intended to reflect representative water supply 
and wastewater discharge rates for current and future (2050) years.  
Based on water and wastewater demand projections established for 
this EIS, there is not necessarily a proposed net increase to the 
Catawba River Basin as part of this project. The projected water 
transfer from the Catawba to Yadkin River Basins under Union 
County’s existing grandfathered IBT is projected to remain between 0 
and 5 mgd over the course of the planning period for the Yadkin River 
Water Supply project.  
 
The values shown within these two illustrations are not necessarily 
intended to represent net transfer amounts due the following 
considerations: 

1) The illustrations present maximum month average day water 
supply volumes and average annual daily wastewater return 
values.  A true water transfer amount is calculated based on 
actual water supplied form a source basin on a given day 
minus the amount returned on a given day.  Therefore, the full 
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Comment 
# 

Request or Comment Response to Comment 

impact of a water transfer amount is estimated by maximum 
month average day water supply (typically a hot, dry month 
when water use is highest) minus minimum month sewer flow 
(corresponding hot, dry month when sewer flow is lowest due 
to reduced inflow and infiltration). 

2) Wastewater return values depicted in the illustrations are 
based on Union County assumptions for future scalping of 
wastewater flow from the Crooked Creek WRF and pumping 
of wastewater from the Poplin Road Pump Station to the 12 
Mile WRF.  Actual future transfer amounts will be based on 
decisions of Union County Public Works made in the future 
related to infrastructure expansion, with due consideration 
given to transfer limits. 

A.4 Alternative 3A relies on running a water transmission 
line along Duke Energy electric transmission rights-of-
way for a portion of the route. Duke Energy's 
transmission line crossing guidelines do not allow water 
transmission lines to run along electric transmission line 
rights-of-way at angles greater than 30 degrees from the 
perpendicular line to the electric transmission right-of-
way. 

Based on this comment, it appears Alternative 3A will not be possible 
based on Duke Energy transmission line crossing guidelines.  A brief 
discussion outlining these requirements, as indicated in the comment, 
has been added to the EIS document for discussion of Alternative 3A. 

A.5 In Section 2.3, there is a conservative assumption that 
the "per-capita" demand rate will remain at 120 gallons 
per capita per day (gpcd). This rate is higher than the 
Catawba-Wateree Water Management Group 
(CWWMG) Water Supply Master Plan current residential 
use (85 gpcd) and reduction target (70 gpcd) for the next 
fifty years. A brief discussion should be included 
comparing the assumptions for the two different numbers 
(e.g., residential versus total water use, etc.). 

As indicated in Section 2.3, the 120 gallons per capita per day (gpcd) 
water demand rate used for Union County’s projections in the EIS are 
based upon the total water demand (inclusive of all categorical uses 
(residential, industrial, institutional, etc.), process uses (water 
treatment backwash, line flushing, etc.) and unaccounted system 
losses.  
 
The 85 gpcd and reduction target of 70 gpcd referenced in the 
CWWMG Water Supply Master Plan are residential category water 
demand rates, and therefore, comparison between the 120 gpcd used 
for the Union County total water demand and the CWWMG Water 
Supply Master Plan residential water demand are not applicable. 
 
However, Section 2.3 has been updated to include a brief comparison 
of how the Union County residential water demand projection 
compares to the CWWMG Water Supply Master Plan residential water 
use values, as requested by the commenter. 
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# 

Request or Comment Response to Comment 

A.6 Section 2.6.3 - Low Inflow Protocol (LIP) for the 
Yadkin & Yadkin-Pee Dee River 
Hydroelectric Projects: Clarification is needed as to 
who would be required to abide by the Yadkin-Pee Dee 
LIP (i.e., the intake owner and/or some other entity). 

The text within the Draft EIS, Section 2.6.3, currently includes a 
statement of the following, “If granted an IBT certificate to transfer 
water from one of the reservoirs of the Yadkin-Pee Dee River Basin 
governed by the LIP, Union County would also be required to abide by 
such LIP requirements.” 
 
While this statement clearly indicates Union County would be required 
to abide by this LIP, for the purposes of this LIP, a “Public Water 
System” is any publicly or privately owned water system that supplies 
potable water to the public having an instantaneous withdrawal 
capacity of one million gallons per day or more, and withdraws from 
storage in the projects’ reservoirs. 
 
Further, the LIP defines membership of Public Water Systems to the 
Yadkin-Pee Dee River Basin Drought Management Advisory Group 
(YPD-DMAG) as “all owners of a Public Water System intake or a 
Non-Public Water User’s intake that 
withdraw from storage in one of the projects’ reservoirs.” Members of 
the YPD-DMAG agree to comply with this LIP. 
 
Under the provisions of the 2013 Interlocal Intake and Transmission 
Agreement between Union County and the Town of Norwood, both 
parties would jointly own the expanded raw water intake in Lake Tillery 
and the above ground structure (pump station) housing each of Union 
County’s and Norwood’s raw water pumps.  Based on this joint 
ownership of the raw water intake, both Union County and Norwood 
would be members of the YPD-DMAG and required to comply with the 
Low Inflow Protocol for the Yadkin & Yadkin-Pee Dee River 
Hydroelectric Projects. 
 
These additional clarifications have been added to Section 2.6.3, as 
recommended by the commenter. 

A.7 Section 4.12 – Water Resources (Surface Water and 
Groundwater): Reservoir levels and hydropower 
production should appropriately be listed as “affected 
environments”. 

A new subsection (4.12.4) has been included in Section 4.12 to 
address Existing Surface Water Quantity including reservoir levels and 
hydropower production as affected environments. 
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Request or Comment Response to Comment 

A.8 Section 5.8 - Air Quality: The effects of less 
hydropower production on air quality should be 
discussed briefly (e.g., relatively minor impact, etc.) 

Section 5.8.1 has been updated to indicate the negligible to minor 
impacts to hydropower generation and thus the minimal impacts to air 
quality in this regard. 

A.9 Section 5.12.2.6 - Direct Impacts – Yadkin River 
Basin Water Quantity: 

a. In Table 5-11 Period of Record (1955 to 2013) 
Lake Aesthetics (Elevation) Impacts, Based 
on % of Time End of Day Elevations within 
Particular Range of Rule/Guide Curve or Full 
Pond Elevation, (along with Tables 5-12 and 5-
13), the actual range analyzed should be added 
to each table. Also, this section characterizes 
impacts on lake level in tabular form, assigning 
designations of impact such as 'negligible' or 
'minor', etc. Lake level duration curves should be 
provided for each of the alternatives showing 
differences between scenarios in impacts on 
lake levels. Additionally, simulated lake levels for 
Blewett Falls Lake and Lake Tillery should be 
shown graphically for all IBT scenarios during 
the drought of record and assuming future 
demands. 

b. In the Reservoir Discharge discussion for Lake 
Tillery (page 262), the statement “Even 
withdrawals from the Rocky River would have a 
minor impact to Lake Tillery releases…” is an 
unclear conclusion given the Rocky River 
discharge is downstream of Lake Tillery. This 
should be removed or explained in more detail. 

c. Tables 5.26 – 5.28 (page 268) discuss 
hydropower generation impacts due to the IBT 
withdrawals. The lost hydropower would result in 
a slight increase in fossil generation that should 
be mentioned as a minor impact. 

a. Graphical output for CHEOPS modeling results is included in 
Appendix E, CD-2 for Yadkin River Basin modeling results and 
in Appendix E, CD-3 for Catawba River Basin modeling 
results.  These appendices contain the quantitative results of 
the modeling in Performance Measure Sheets (PMS) as 
referenced in the body of the EIS document, as well as 
Reservoir Operational Detail Histograms, Hydropower 
Generation Detail Histograms, Elevation Exceedance Curves, 
Storage Exceedance Curves, Elevation and Storage 
Comparison Charts, Outflow Exceedance Curves, and 
Hydropower Generation Comparison Charts for each reservoir 
and all modeling scenarios.  We believe these appendices 
sufficiently address the commenter’s request. 

b. This conclusion is accurate, as withdrawals from the Rocky 
River would reduce inflow to Blewett Falls Lake.  Per 
operational rules of the Yadkin-Pee Dee Hydroelectric Project, 
the reduced inflow of the Rocky River into the Pee Dee River 
upstream of Blewett Falls Lake would subsequently result in 
impacts to the Lake Tillery releases, according to the 
CHEOPS model results.   
 
The following additional explanation has been added to this 
section to more clearly explain this conclusion: “In the 
CHEOPS model and in actual operation, any required 
operating parameter for Blewett Falls will be supported by 
Tillery since they are the same licensee.  An example is when 
the total Blewett Falls outflows (continuous flow requirement, 
withdrawals and losses due to evaporation and leakage) 
cannot be met on any given day from the sum of Blewett Falls 
usable storage and inflows, Tillery will be scheduled to release 
sufficient flow to allow Blewett Falls to make the required 
release without having to violate its minimum elevation rule.  
Thus, when inflows to Blewett Falls are reduced due to 
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withdrawals from Rocky River, Tillery may need to release 
additional flows during low flow periods to ensure Blewett 
Falls’ outflows are met.” 

c. The following text (see underlined) has been added to the 
discussion before Tables 5.26 – 5.28 to address the comment: 
“Increases in system water withdrawals can reduce the 
available water storage by which APGI and Duke Energy 
Progress are able to access from the reservoirs they operate, 
in order to produce hydropower. Such reductions to 
hydropower production would result in slight increases in 
fossil-based power generation to continue meeting energy 
demands. As such, this is an important metric to evaluate in 
the comparison of IBT alternatives for Union County. 

A.10 Section 5.12.3.6. Direct Impacts – Catawba River 
Basin Water Quantity - In Table 5-34, 
Lake Aesthetics (Elevation) Impacts, Alternative 6 
(presumed increased withdrawal from the lower Catawba 
River Basin) shows a small impact in the upper Catawba 
River Basin, but Alternative 7 does not. The result may 
be modeling “noise”, but does seem unusual. 

The model output files show that Alternative 6 (UC-
Alt6_UC2050_2012) and Alternative 7 (UC-Alt7_UC2050_2012) both 
spend 3 months in LIP stage 2, the most severe stage of LIP during 
these scenario runs.  The next most severe LIP stage with different 
flow requirements than LIP “normal” (-1) is LIP stage 1, and Alternative 
7 spends three additional months in this LIP stage than Alternative 6.  
This causes the withdrawals, required reservoir outflows, bypass flows 
and other requirements to be reduced when compared to their default 
(LIP “normal” and LIP “monitor” (LIP stage = -1 or 0)) conditions.  Due 
to less required outflows in Alternative 7, the reservoirs are able to 
retain more water in storage, staying closer to the reservoir target 
elevation.  This is represented as no end of day elevation differences 
between Alternative 7 when compared to Base Case.  Since 
Alternative 6 has higher outflow requirements, its end of day 
elevations differ slightly when compared to Base Case. 
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B. Commenter(s): Anson County (Date 10/19/2015) 

Comment 
# 

Request or Comment Response to Comment 

B.1 On behalf of Anson County, I am writing to express our 
concerns regarding Union County’s request for a 23.0 
million gallons per day (MGD) Interbasin Transfer (IBT) 
from the Yadkin River basin to the Rocky River basin. 

Comment is noted. 

B.2 Anson County draws all of its water from Blewett Falls 
Lake on the Yadkin-Pee Dee River.  We understand that 
Union County’s proposed point of transfer is Lake Tillery 
above Anson County’s water intake.  We have reviewed 
the draft Environmental Impact Statement (EIS) for the 
project and understand that the document concludes that 
under normal conditions the proposed project is not likely 
to adversely impact our ability to withdraw needed water 
at our raw water intake.  However, during drought 
conditions and prolonged low flow period we are greatly 
concerned about the potential impact on our ability to 
serve citizens of Anson County and neighboring 
Richmond County. 

The results of the CHEOPS water quantity modeling evaluations for 
the Yadkin-Pee Dee River Basin for this EIS, as summarized within 
Section 5.12 of the EIS, and as presented, in detail, in Appendix E, 
CD-2, identify the impacts of the proposed Union County IBT under 
both normal and low flow periods.  In fact, model evaluations and 
impacts were assessed for three distinct hydrologic periods: 1) Period 
of Record (1955 to 2013), Drought 1 (significant low flow period in the 
basin from 1999 to 2003) and Drought 2 (significant low flow period in 
the basin from 2006 to 2009). 
 
In regards to the commenter’s concern for its water interests in Blewett 
Falls Lake, the results for lake elevations and water withdrawal ability 
for existing intakes, as presented in Section 5.12.2.6, indicate no 
adverse impact to Anson County’s ability to withdraw water from 
Blewett Falls lake under normal or low flow conditions, both now and 
in the future, even as basin-wide water demands grow.  Quantitative 
modeling results to substantiate this conclusion is contained in the 
approximately 900-plus pages of model output (Performance Measure 
Sheets and model output charts) contained in Appendix E, CD-2 of 
this EIS. 

B.3 Anson County has recently assumed the role of sole 
water supplier for the Town of Wadesboro in addition to 
other communities that rely solely on Anson County for 
their potable water supply.  We are also seeing signs of 
increased agribusiness development within our county.  
So, just like Union County, we want to be sure we have 
adequate water resources to meet the needs of our 
citizens and businesses now and into the future. 

Comment is noted.  To account for this projected population, economic 
and water demand growth throughout the Yadkin-Pee Dee River 
Basin, the CHEOPS water quantity modeling for the proposed Union 
County IBT evaluated two conditions for water use through the basin: 
1) Basin-wide water demands under current (Year 2013) water use) 
and 2) Basin-wide water demands under future (Year 2050) water use.  
In doing this, the EIS is able to evaluate the potential impacts of the 
Union County IBT both now and in the future, while accounting for 
projected future increases in water needs by other entities which may 
currently withdraw water from Yadkin-Pee Dee River and its 
impounded reservoirs or others who may have needs for water in the 
future.  Under both scenarios, the modeling indicates Anson County’s 
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ability to obtain its needed water from Blewett Falls Lake will not be 
adversely impacted. 
 
The basis for the water demand projections is summarized in Sections 
5.12.2.2 and 5.12.2.3 and described in detail in Appendix E, CD-4. 

B.4 The draft EIS includes summary data from CHEOPS 
modeling performed for various IBT scenarios.  The 
conclusion of the report is that there would only be a 
“negligible” (as defined in the draft) impact to the 
downstream water intakes within Blewett Falls Lake and 
“minor” impacts to lake elevations and lake discharges, 
even under drought conditions.  While the Yadkin Basin 
has not recently been in a period of severe drought, a 
September 18, 2015 release from ALCOA states that 
“Water inflow into the Yadkin Basin is down nearly 50 
percent from historical average” and “APGI requested 
and received a temporary variance from the Federal 
Energy Regulatory Commission (FERC) to conserve 
water by reducing required minimum flows out of the 
Yadkin Project”. 
 
Statements like these raise doubts in our minds as to 
what will happen in the future during periods of drought.  
ALCOA and Duke Energy work in conjunction to manage 
water levels and flows in the Yadkin River Basin.  When 
low flow characteristics become more severe and 
prolonged droughts returns, will adequate water still be 
available for release from Lake Tillery to maintain 
Blewett Falls Lake levels and releases below the dam?  
With competing demands for the water in the Yadkin 
system from its many users, long term future water 
demands have to be considered. 

The system operating rules defined in the Federal Energy Regulatory 
Commission (FERC) relicensing applications and Settlement 
Agreements for the two Yadkin-Pee Dee River Basin hydropower 
projects, including the Alcoa (APGI) operated Yadkin Hydroelectric 
Project and Duke Energy Progress operated Yadkin-Pee Dee 
Hydroelectric Project, are incorporated into the CHEOPS model used 
as part of the extensive water quantity modeling completed for this 
EIS. These operating rules define the required operational parameters 
for reservoirs between High Rock Lake and Blewett Falls Lake, with 
consideration given to minimum lake levels, required downstream 
releases and operations during periods of normal, high and low inflow. 
For operation of the reservoirs during low inflow periods (drought), the 
modeling specifically incorporates the approved basin-wide drought 
plan, the Low Inflow Protocol (LIP). 
 
The modeling for this EIS evaluated each Union County water supply 
alternative from the Yadkin River Basin under these defined reservoir 
operating rules, for the full period of hydrology from 1955 to 2013, with 
consideration given to two very significant drought periods (1999 to 
2003 (Drought of Record) and 2006 to 2009).  Furthermore, the effect 
of potentially more severe future droughts was also evaluated as part 
of the water quantity modeling effort through the incorporation of future 
climate change impacts to water by modeling increased reservoir 
evaporation due to future increasing temperatures. Modeling results 
incorporating these factors indicates that, under the proposed Union 
County withdrawal, there currently is and will continue to be sufficient 
available water for release from Lake Tillery to maintain Blewett Falls 
Lake levels and releases below the dam. 
 
With respect to competing demands for water in the Yadkin system, 
long term future water demands have been considered as part of the 
modeling effort for this EIS. In fact, a special effort was made to 
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develop basin-wide water demand projections (withdrawals and 
projections) through the year 2060 were made for all current and 
potential future water uses throughout the basin, and not solely for 
Union County.  The effects of these future water uses have been 
modeled as part of this EIS.  Detailed information on the basin-wide 
water demand projections for this EIS may be found as part of 
Appendix E, CD-4, Section 4.2. 

B.5 In Figure A (reference Anson County letter dated 
10/19/2015), the USGS stream gauge 02129000 near 
Rockingham shows stream flows varying from a normal 
high of approximately 8,000 CFS (5,169 MGD) to a low 
of less than 200 CFS (129 MGD).  23 MGD is an 
insignificant percentage of 5,169 MGD but it’s over 10 
percent of the 129 MGD low flow.  This again gives us 
concern about the impact of the proposed IBT request.  
Anson County undertook a significant project in the past 
to create a new, emergency intake at a lower elevation in 
Blewett Falls Lake due to drought conditions, but it might 
not be possible to accomplish this type of project again 
should the lake levels be even lower than experienced in 
the past. 

The use of the gaged river flows at USGS 02129000 for estimating 
likely future availability of water in Blewett Falls reservoir does not take 
into account future operating conditions under which Duke and Alcoa 
operate, including the Low Inflow Protocol and other components of 
the Comprehensive Settlement Agreement (CSA).  Per the CSA, 
Tillery will receive no less than 1000 cfs daily average flow from Falls 
during normal conditions (June through December), and will receive 
no less than 770 cfs during LIP stage 4 (June through December).  
Since Duke Energy operates Tillery and Blewett Falls powerhouses, 
Duke is required to ensure that any flow requirement from Blewett 
Falls, whether minimum streamflows, storage support for withdrawals, 
or elevation requirements, are supported through coordinating 
operations with Tillery.   
 
The modeled inflow into Blewett Falls reservoir in scenario Alternative 
1 with 2050 consumptive withdrawal rate, including Tillery discharge 
and incremental accretions, plus the usable storage from Blewett Falls 
reservoir, shows sufficient water to support approximately 2,530 MGD 
on a single day, not including usable water in Tillery that could be 
released to provide additional support.  This is shown as the blue 
series in the below graph.  During periods of LIP stage 4, where the 
minimum instantaneous flow requirement at Blewett Falls drops to 925 
cfs (598 MGD), there is enough water in Blewett Falls to support 1,932 
MGD for a single day, not including storage in Tillery.  This is shown 
as the green series in the graph below.   
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From this usable storage less minimum instantaneous river flow time 
series, the requirements of water withdrawals and losses to 
evaporation would be met.  Any inflow in excess of withdrawal 
requirements, evaporative losses, or retention in storage would be 
released as additional river flow, either through turbines or the 
spillways. 

B.6 As referenced previously, we understand that the draft 
EIS concludes that under normal circumstances, the 
proposed IBT should not have an adverse impact on 
Anson County’s water consumers.  While we view this as 
a reasonably supported conclusion, we want to be 
assured that as both Union and Anson County 
populations grow and business activity in the region 
increases in the future; that both jurisdictions are able to 
meet future water supply demands. 

Comment noted.   
 
Through the incorporation of future basin-wide water demand 
projections for current and potential future water withdrawers and 
returners to the Yadkin River Basin, this EIS effectively evaluates the 
impact of Union County’s proposed IBT, with due consideration given 
to other projected future water uses throughout the basin to conclude 
that all jurisdictions are able to meet current and future water supply 
needs from the Yadkin-Pee Dee River and its associated reservoirs 
through the period of study for this document. 
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C. Commenter(s): North Carolina Department of Public Safety – Emergency Management (Date 9/9/2015) 

Comment 
# 

Request or Comment Response to Comment 

C.1 The Draft Environmental Impact Statement (DEIS) 
clearly and thoroughly outlines the impacts within the 
Special Flood Hazard Areas due to the proposed project. 
As noted in the DEIS, a floodplain development permit 
issued by the local jurisdiction will be required for all 
work within the SFHA. Please note that although 
mitigation or hydraulic analysis may not be required, 
permitting is still required for all work within the SFHA. 

Comment noted. 

C.2 A hydraulic analysis will be required for new grading, 
construction, or the storage of equipment or materials 
within a floodway or non-encroachment area. A No-Rise 
Certification is required if the proposed element of the 
project does not increase flood levels during the base 
flood discharge. A Conditional Letter of Map Revision 
(CLOMR) will be required if the project results in an 
increase in flood levels during the base flood discharge. 
No structures may be impacted by an increase in flood 
levels. 

Comment noted. 

C.3 Critical facilities should be protected to the 0.2% (500-
year) flood level or the Regulatory Flood Protection 
Elevation, whichever is higher. 

Comment noted. 

C.4 Please coordinate with this office if the project results in 
any changes to the hydrology of the Yadkin River or 
adjoining basins. 

Comment noted. 
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D. Commenter(s): North Carolina Department of Cultural Resources – State Historic Preservation Office (Date 9/25/2015) 

Comment 
# 

Request or Comment Response to Comment 

D.1 The preferred alternative chosen for the proposed 
undertaking is Alternative 1A. As stated in our previous 
letter, this alternative has the potential to adversely affect 
the Norwood Commercial Historic District (ST0531), 
which is considered eligible for listing in the National 
Register of Historic Places. However, if the undertaking 
is conditioned to occur wholly within existing DOT or 
utility rights-of-way, it is unlikely the work will adversely 
affect the historic district or archaeological resources. 
However, if earth moving activities associated with the 
project impinges on previously undisturbed areas then 
an archaeological investigation may be warranted. 

Comment noted.   
 
It is anticipated that the project would occur, to the extend feasible, in 
existing rights-of-way; however, final design will address 
constructability.  Union County commits to additional coordination with 
SHPO if the final project footprint impacts previously undisturbed 
areas. 
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E. Commenter(s): North Carolina Department of Environmental Quality – Division of Water Resources (Date 10/28/2015) 

Comment 
# 

Request or Comment Response to Comment 

E.1 Section 5.12: Please identify the source of the 
performance measures criteria for the hydrologic 
modeling and document the background information on 
the source. As well, please provide the source for the 
interpretation criteria of the results from the hydrologic 
modeling. In particular the source for the ranges selected 
for the minor, moderate, and major categories used 
needs to be documented. Additional explanation for each 
table related to the hydrologic modeling needs to be 
included to avoid misinterpretations of the data 
presented. This should be done in the text prior to or 
following each table. This information will provide the 
reader as well as the lead agency with confidence in the 
presentation of the results from the hydrologic modeling 
activities and allow for greater understanding of any 
hydrologic impacts. 

Per 10/29/2015 follow-up phone conversation with the commenter 
(Harold Brady at NCDWR), the basis of this comment was the result of 
the reviewer not having received access (from other NCDWR staff) to 
Appendix E CD-2, CD-3, and CD-4 which contain all the performance 
measure sheets, modeling results and model logic information.  These 
were included in the deliverables provided to the State.  
 
These appendices contain all the quantitative data to support the 
conclusions and summary of impacts as presented in the body of the 
EIS document and are the basis from which the impact summary 
tables were developed. 
 
Additional text has been added in the body of the EIS to clearly 
indicate how the Performance Measures were developed (i.e. through 
a rigorous stakeholder process during Federal Energy Regulatory 
Commission relicensing of the respective hydroelectric projects, 
whereby stakeholders provided input into the development of these 
mutually agreed upon performance measures).   
 
It is important to note these measures are not arbitrarily developed 
measures by the EIS authors.  The additional text added to Section 
5.12 seeks to more clearly reflect the historical background behind the 
development of the Performance Measures and appropriately 
reference their location within the EIS appendices. 
 
The following text has been added to Section 5.12: The original 
concept of the Performance Measures Sheet (PMS) was developed 
during the relicensing process for the Duke Energy Catawba-Wateree 
Hydroelectric Project.  Since the 11 reservoirs and numerous diverse 
stakeholders to the system all had different metrics of interest and 
differing opinions on how to rate differences between operating 
regimes (as computed and measured as output to model scenarios), 
the PMS concept was developed.  In this concept, each reservoir 
basin is evaluated with general criteria such as reservoir elevations, 
outflows, powerhouse generation, and time spent in Low Inflow 
Protocol (LIP) stages.  Since recreational boaters and parties who 
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Comment 
# 

Request or Comment Response to Comment 

withdraw water for consumptive uses have different criteria, general 
categories were developed.  These different categories allow for the 
setting of the elevation or flow of interest, and the variance around that 
value which is considered acceptable, moderately acceptable, or not 
acceptable.  Each stakeholder in the CW relicensing process had an 
opportunity to participate in the identification of categories and setting 
of the metric values to best represent their interests. 
 
Additional experience in the PMS development process was gained 
during the Keowee-Toxaway relicensing for Duke Energy’s Jocassee, 
and Keowee developments.  During this relicensing process, 
stakeholder inputs were sought and utilized in measuring the impacts 
from one operating regime to another. 
 
During the Union County IBT model development process, HDR 
worked with Union County, Duke Energy and NCDWR representatives 
to identify likely metrics and conditions which may be of concern to 
other stakeholders.  The metrics of this PMS contain the licensed flow 
requirements, likely areas of concern such as the amount of time 
spent at or near the maximum pool elevation(s), target elevation(s), 
and minimum elevation(s).  The determination of what was considered 
a “minor” versus a “moderate” category were based on experience 
from the previously noted regional hydroelectric relicensing efforts, 
taking into consideration the possible concerns of stakeholders 
throughout the Yadkin-Pee Dee River Basin. 

E.2 Section 5.12.1.4, second paragraph, last sentence: 
Please change “UFWS” to “USFWS”. 

The acronym “UFWS” has been changed to “USFWS” as requested. 
 

E.3 Appendices: Please include water balance tables for 
current year (or year used for baseline within document) 
and each ten‐year increment for 30‐years, at a minimum. 

Water balance tables have been added to Appendix B, as requested. 
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F. Commenter(s): Tom Okel, Executive Director, Catawba Lands Conservancy (Date 11/16/2015) 

Comment 
# 

Request or Comment Response to Comment 

F.1 I am the Executive Director for the Catawba Lands 
Conservancy.   As it relates to the proposed inter-basin 
transfer agreement between Lake Tillery and Union 
County, CLC would be pleased to work with Union 
County, the Town of Norwood and others to increase 
protection of Lake Tillery and the Yadkin/Pee Dee River 
Basin to ensure that the environmental impact is 
minimized and that the quantity and quality of basin is 
protected through land conservation.   Please feel free to 
contact me if you would like to discuss. 

Comment noted and will be taken under advisement as this proposed 
project moves forward. 
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G. Commenter(s): Bill Holman, North Carolina Director, The Conservation Fund (Date 11/16/2015) 

Comment 
# 

Request or Comment Response to Comment 

G.1 The Fund commends Union County for planning for its 
water supply needs for 2050 and beyond and for 
collaborating with the Town of Norwood on a solution 
with mutual benefits. 

Comment noted. 

G.2 The Fund will be respectfully urging Union County and 
the Town of Norwood to build upon their regional water 
supply planning collaboration to work with land 
conservation organizations and other local governments: 
1) to develop a plan to increase protection and 
restoration of Lake Tillery and other important reservoirs 
in the Yadkin/Pee Dee River Basin, and 2) to begin to 
reserve and invest funds in land conservation and 
restoration in the Lake Tillery watershed. Their 
investments in land conservation and restoration will 
increase source water protection and would leverage 
other public and private funds. 

Comment noted and will be taken under advisement as this proposed 
project moves forward. 

G.3 The Fund respectfully asks the Division of Water 
Resources and the Environmental Management 
Commission to also urge Union County and Norwood to 
work with land conservation organizations, such as The 
Fund, the Land Trust for Central North Carolina, and the 
Catawba Lands Conservancy to develop a plan to 
increase protection of Lake Tillery and to invest in 
protecting Lake Tillery. 

Comment noted and will be taken under advisement as this proposed 
project moves forward. 

G.4 The Fund also recommends that Union County, 
Norwood, other water utilities, Duke Energy and Alcoa 
consider creating an organization similar to the Catawba-
Wateree Water Management Group (CWWMG) to 
facilitate long term planning and collaboration on water 
supply and water quality problems. CWWMG updated its 
50-year Water Supply Master Plan in June, 2015. It’s a 
great model for river basin wide planning and 
collaboration by water utilities, electric utilities and key 
stakeholders. 

Comment noted. 
 
It is our understanding that a group of water users within the Yadkin 
River Basin are in the initial planning phase of establishing a group 
within this basin similar to Catawba-Wateree Water Management 
Group (CWWMG). Further, Union County has participated in the initial 
discussions being held by these water users and regulatory agencies. 
Union County recognizes the benefits this type of organization could 
bring to the Yadkin River Basin, as it actively participates in the 
CWWMG. 

G.5 The Fund notes that CWWMG plans to study and model 
the benefits of land conservation in reducing 

Comment noted. 
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sedimentation/preserving reservoir capacity and in 
maintaining stream flows in 2016 as it begins to 
implement the options identified in its Water Supply 
Master Plan. The Fund recommends that Union County, 
Norwood and other utilities consider a similar study and 
model in the Yadkin/Pee Dee River Basin. 

G.6 The Fund has reviewed the DEIS prepared by HDR in 
August, 2015 and agrees with many of its conclusions. 
The Fund believes that the environmental assessment 
and review process conducted under the State 
Environmental Policy Act (SEPA) worked well.  The 
environmental and economic costs and benefits of many 
alternatives were carefully considered. 

Comment noted. 

G.7 The preferred alternative takes advantage of Lake 
Tillery, an existing reservoir, and avoids building a new 
reservoir and the environmental damage associated with 
building new impoundments. The preferred alternative 
also avoids increasing water withdrawals and interbasin 
transfers from the stressed Catawba-Wateree River 
Basin. The preferred alternative requires collaboration 
between Union County and The Town of Norwood and 
will provide benefits to both local governments.   

Comment noted. 

G.8 Under the preferred alternative Union County will make 
substantial investments in a new intake on Lake Tillery 
and in a new water distribution and treatment system. 
The DEIS does not adequately address policies and 
measures to protect the source water, Lake Tillery, or 
other reservoirs in the Yadkin/Pee Dee River Basin. 

Comment noted and will be taken under advisement as this proposed 
project moves forward.  However, the service area for Union County’s 
proposed IBT is not located within the source watershed and therefore 
permanent impacts within the source watershed due to this project are 
not expected.  Temporary impacts due to construction within the 
source watershed will be mitigated in accordance with the Lake Tillery 
Shoreline Management Plan (see Appendix E, CD-1) and applicable 
state and federal permits which will be required for the project (see 
Section 8.0). 

G.9 The DEIS also does not adequately address policies and 
measures to reduce and mitigate the secondary 
environmental impacts that will be the result of the new 
growth in Union County enabled by new water capacity 
and infrastructure. 
 

Comment respectfully received.  However, mitigation measures to 
address both direct and indirect (secondary and cumulative) 
environmental impacts are adequately addressed in Section 6.0 of the 
Draft EIS document. Furthermore, the new water capacity and 
infrastructure proposed Yadkin River Water Supply project is intended 
as a proactive County response to expected growth in the Yadkin 
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Union County is one of the fastest growing counties in 
North Carolina. The NC Office of State Budget & 
Management projects that Union County’s population will 
increase to 243,620 from 201,307 or by 21.0% between 
2010 – 2020 and will increase to 289,766 from 243,620 
or by 18.9% between 2020 – 2030. 

River Basin Service Area, and not a mechanism by which to create 
growth. 

G.10 A variety of preventable disasters threatened drinking 
water supplies across the United States in 2014. In 
response to these threats Representative Rick Catlin 
from New Hanover County and others sponsored HB 
894, An Act to Improve Source Water Protection 
Planning, in the 2014 General Assembly. The General 
Assembly enacted and Governor McCrory signed SL 
2014-41.  GS 130A-320 strengthens the State’s existing 
source water protection program and requires public 
water suppliers to develop source water protection plans. 
Investments in land conservation and restoration will 
help Union County, Norwood and other local 
governments comply with GS 130A-320. 

Comment noted and will be taken under advisement as this proposed 
project moves forward. 

G.11 North Carolina’s Source Water Assessment Program in 
the Division of Water Resources considers Lake Tillery 
to have a moderate inherent vulnerability rating, a 
moderate contaminant rating and a moderate 
susceptibility rating. Land conservation will reduce the 
risk of potential contamination. 

Comment noted and will be taken under advisement as this proposed 
project moves forward. 

G.12 The Environmental Management Commission has 
classified Lake Tillery as WS-IV, which provides minimal 
protection from stormwater pollution and land use 
change.  Local initiatives and investments will be 
required to enhance source water protection in Lake 
Tillery. 

Comment noted and will be taken under advisement as this proposed 
project moves forward. 

G.13 The EMC may require applicants for IBT certificates to 
mitigate impacts of the IBT pursuant to GS 143-215.22L 
(m).  For example in its July, 2001 decision to approve a 
temporary increase in IBT from Jordan Lake in the Haw 
River Basin to the Neuse River Basin, the EMC set out a 
number of conditions to mitigate the impacts of the IBT.  

Comment noted and will be taken under advisement as this proposed 
project moves forward. 
 
It is important to note that the referenced example for required 
mitigation related to the water transfer from Jordan Lake in the Haw 
River Basin to the Neuse River Basin differs from the proposed Union 
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The EMC also gave the applicants credits for their 
policies and programs that exceeded state minimum 
standards. 

County IBT.  In the case of the Jordan Lake example, a sizable portion 
of that applicant’s water service area was actually within the source 
watershed.  As such, the applicant had a more significant opportunity 
to implement mitigation initiatives within the source watershed in which 
they had direct control and influence with local regulations.  In the 
case of Union County, their water service area and jurisdiction for the 
proposed IBT lies outside of the source watershed, thereby limiting 
opportunities for mitigation within the source watershed. 

G.14 The Fund notes that Union County and Norwood will 
have to file an amendment with Duke Energy Progress 
and the Federal Energy Regulatory Commission (FERC) 
to increase water withdrawals from Lake Tillery. The 
Fund believes and effective and collaborative watershed 
protection plan will be positively considered by FERC. 

Comment noted and will be taken under advisement as this proposed 
project moves forward. 
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H. Commenter(s): Will Scott, Yadkin Riverkeeper (Date 11/16/2015) 

Comment 
# 

Request or Comment Response to Comment 

H.1 Yadkin Riverkeeper submits these comments on the 
proposed Yadkin River Water Supply Project(YRWSP) 
Interbasin Transfer Draft Environmental Impact 
Statement.  The Yadkin Riverkeeper is a 501c(3) 
organization whose mission is to protect drinkable, 
fishable, swimmable water in the Yadkin basin.  We are 
a membership-based organization and have members 
whose use and enjoyment of the waters of the 
Yadkin/Pee Dee within the project area are affected by 
the proposed YRWSP Interbasin Transfer.   

Comment noted. 

H.2 YRK supports water from a given hydrologic unit staying 
within its natural watershed.  If we are to have 
sustainable long-term growth in North Carolina, our 
communities must exist within the carrying capacity of 
their natural systems.  To reach, as the proposed 
alternative does, outside of the Rocky River basin in 
which the majority of the projected growth will fall, 
creates unnecessary costs and environmental impacts.    
For this reason, we raise a number of concerns about 
the preferred Alternative 1A favored by the Draft EIS.  
While we agree that Union County must “secure a 
reliable water supply” we disagree that Alternative 1A is 
the most efficient means of doing so, either in cost to 
ratepayers or in terms of environmental impact.   

Comment noted. 

H.3 Assumptions 
a. Projected Growth in Union County 
 
The Draft is inconsistent in its descriptions of induced 
growth related to the proposed project.  Specifically, the 
Draft states that the no action alternative would lead to 
economic stagnation, but then when estimating the 
impacts of alternatives, the Draft estimates the impacts 
of growth from the IBT will be “minor” or “insignificant”.  If 
the projected growth cannot occur without one of the 
action alternatives being chosen, the environmental 
impacts of that growth must be factored into the 

Growth within Union County, specifically within the County’s Yadkin 
River Basin Water Service Area, is likely to occur regardless of the 
proposed IBT.  Union County, in response to increasing water 
demand, is seeking the IBT as a long term, sustainable water supply 
for this growth.  The impacts of this proposed IBT and its alternatives, 
including secondary and cumulative impacts, are addressed 
thoroughly in the Draft EIS. 
 
While it is hypothesized the No Action Alternative (NAA) will negatively 
impact industry and commerce within Union County, since no 
quantitative economic analysis has been completed to assess the 
economic impact of the NAA, the statement regarding “potential for 
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“Secondary” and “Cumulative” impact analyses.   
 
If alternatives themselves will dictate growth, a 
consideration of meaningful alternatives must then 
consider different patterns of induced growth paired with 
different potential water sources. 

economic stagnation,” as presented in Tables ES-2 and 7-3, has been 
removed. 

H.4 Assumptions 
b. Projected Need for Water 
 
The EIS takes as a given the 28.9 MGD Maximum 
Monthly Average Projected Water Demand.  However, 
this is not the only reasonable definition of the project’s 
“Purpose and Need”.  Nowhere in the EIS is a different 
growth path considered, and how the various projects 
might satisfy a different target.    Given that growth rates 
in Union County have fluctuated widely in the last 
decade, it is only prudent, when considering the largest 
capital expenditure Union County faces, to evaluate the 
alternatives in relation to a range of growth scenarios.  
 
In particular, the stated Purpose and Need, set at 23 
MGD, forecloses the possibility of a water supply within 
the Rocky River subbasin because a withdrawal of that 
size would, “necessitate a large portion of the total water 
within the Rocky River be withdrawn at this location[Just 
above Highway 205].” Draft EIS, p. 276  
 
Given that Alternative 5 is, by far, the lowest cost option 
at almost $50 million cheaper than Preferred Alternative 
1A($190 to $239 million), an alternatives analysis is not 
complete without a study of what level of water could be 
withdrawn from the Rocky while achieving minimal 
environmental impacts. 

Comment respectfully received.  However, projected population 
growth and water demand, as well as Alternative 5 have been 
sufficiently evaluated as part of the EIS and are adequately 
documented and justified within the document. 
 
While the projected 28.9 MGD maximum month average daily water 
demand is not a given, the future water demand projections and water 
supply alternatives for Union County have been developed with 
thoughtful consideration to extensive County planning efforts (e.g. 
Comprehensive Water and Wastewater Master Plan and preliminary 
evaluations for the Yadkin River Water Supply Project) which carefully 
evaluated future population and service area growth, as well as 
varying growth patterns, prior to arriving at a reasonable, defensible 
and practical growth pattern for use in planning of the Yadkin River 
Water Supply Project. 
 
Based on the information presented in Section 3.2.5 for the 
alternatives analysis of Alternative 5, clear and defensible evidence is 
provided that the alternative of water withdrawals from the Rocky River 
is unlikely to meet Union County’s purpose and need for water supply, 
and as the Draft EIS indicates, “As a future water supply from the 
Rocky River is highly contingent upon factors outside of Union 
County’s direct control (i.e. future wastewater flows from another 
upstream regional utility), this alternative does not lend itself to 
providing Union County with a reliable surface water source in which 
to meet the needs of its current and future customers in the Rocky 
River IBT Basin of the Yadkin River Basin.” 
 
Yield estimates of the Rocky River indicate the 7Q10 flow to be 
approximately 14.8 mgd, as indicated in Section 3.2.5.2. As such, a 
Union County water withdrawal from the Rocky River, meeting the 
County’s purpose and need (23 mgd) would be in excess of this value.  
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Based on the 7Q10 flows within the Rocky River, any significant water 
withdrawal from that source would likely require a dam to be 
constructed, as indicated in the Draft EIS, and poses a heightened risk 
to the ecological integrity of that particular waterway and the 
surrounding ecosystem.  Further, direct, permanent environmental 
impacts of dam construction would be more than minimal and 
considerably larger than direct impacts by other water supply 
alternatives from established impoundments (e.g. Alternative 1A). As 
such, Alternative 5 is not a viable water supply option for Union 
County, when compared to the other alternatives evaluated in the 
Draft EIS. 

H.5 Assumptions 
c. Finding a watershed carrying capacity 
 
Ultimately, the most sustainable long-term supply of 
water for the area will come from its local ground and 
surface waters.  By reaching outside of this area, Union 
County puts itself in long-term competition for Yadkin 
River water with other municipalities and opens itself to 
the possibility that, as with its current agreement with 
Anson County, a change in local politics will require 
additional investment in the future.  Indeed, the Draft 
admits that the Preferred Alternative 1A was selected not 
because it was the most cost efficient or because it had 
the least environmental impact but because of the 
current political environment, “"...Union County held 
discussions with numerous entities along the Yadkin 
river regarding partnerships for water supply.  Of all 
those contacted, the Town of Norwood was the only 
political jurisdiction who expressed a desire to participate 
in a partnership with mutual benefits for both parties." 
Draft EIS August 2015, p. 25   

Comment respectfully received. 
 
However, as presented in the Draft EIS, the sustainability of a long-
term water supply from ground water either via municipal supply 
(Alternative 8) or private supply is not a viable option for Union County, 
as detailed in Section 3.3.1. Lack of groundwater availability, 
significant land impacts and concerns with groundwater quality 
(primarily resulting from naturally occurring sub-surface contaminants) 
throughout Union County, as discussed in Section 3.3.1, preclude this 
as a viable water supply source for the County.  Furthermore, as 
outlined in the response to the previous comment, the use of local 
surface waters (assuming the commenter is referring to the Rocky 
River) is also not a long-term water supply solution.   
 
Reliance on existing surface water impoundments within the primary 
Yadkin River Basin (of which Union County is a part) is the more 
practical long-term solution to the Yadkin River Basin’s water needs. 
These established reservoirs have regulated operating rules, defined 
drought response protocols, and sufficient water yield volumes to 
support Union County’s long-term water supply demands, along with 
the many other current and future water needs within the basin from 
these reservoirs. 
 
A conclusion that the Preferred Alternative was selected not because 
of cost efficiency or environmental impact, but rather based on the 
current political environment, is without merit.  The Draft EIS includes 
a brief historical summary of the development of the partnership 
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between the Town of Norwood and Union County to indicate Union 
County has spent many years evaluating the various alternatives of a 
water supply to serve its Yadkin River Basin Water Service Area 
customers. 

H.6 Local Impacts 
 
The preferred alternative 1A is not the option with the 
least environmental impacts either during construction or 
after. Alternative 1A will impact 551 acres, Alternative 5 
will impact only 67. Draft EIS, p. 225. Alternative 5 will 
impact less than 10% as much land, permanently and 
during construction compared to 1A. Alternative 5 is the 
only alternative outside of modifying existing current 
WTPs that will not impact any current agricultural land.  
In terms of Significant Natural Heritage Areas Alternative 
5 impacts 5.5 acres while Alternative 1A will impact 7.2 
acres of significant Natural Heritage Area. Alternative 5 
does not impact any perennial streams, only 1,343 feet 
of intermittent stream on 3 crossing vs. 11,014 feet of 
intermittent stream via 20 crossings and 2,848 ft of 
perennial streams via 11 crossings.   
 
By the majority of environmental impact indicators, then 
Alternative 1A is not the least environmentally damaging 
option.  The primary area it differs from Alternative 1A is 
that it would withdraw water from the Rocky River rather 
than a reservoir on the Yadkin, like Lake Tillery. 
 
The feasibility of re-classification of the Rocky River as a 
drinking water supply should be more thoroughly 
investigated in the Draft EIS, in conjunction with looking 
at whether the Purpose and Need could be met with a 
conjunction of efficiency measures combined with a 
smaller Maximum Monthly Average withdrawal.    
 
Before attempting to take clean water from a distant 
reservoir, the County must come to terms with the 
impact current growth is having on its own Rocky River, 

Comment respectfully received. 
 
However, multiple previous studies, as well as evaluations completed 
in conjunction with this project, have shown that the Rocky River does 
not meet the Purpose and Need for the Yadkin River Water Supply 
Project and is not a viable water supply solution for Union County. As 
such, impacts and costs of a solution which do not meet the Purpose 
and Need (Alternative 5) cannot be accurately correlated through 
direct comparison to other alternatives which meet the Purpose and 
Need, including the Preferred Alternative (e.g. Alternative 1A. 
 
With respect to re-classification of the Rocky River as a drinking water 
supply, it is imperative to note that a significant volume of the Rocky 
River flow, particularly in low flow periods, is comprised of treated 
wastewater effluent discharge from the Water and Sewer Authority of 
Cabarrus County (WASACC), upstream of Union County. As a future 
water supply from the Rocky River is highly contingent upon factors 
outside of Union County’s direct control (i.e. future wastewater flows 
from another upstream regional utility), this alternative does not lend 
itself to providing Union County with a long-term, substainable surface 
water source in which to meet its water demands. 
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which is impaired for copper, turbidity and biological 
integrity.  Draft EIS, p.281.  We would respectfully submit 
that when local waters are impaired, the long-term 
solution to them is not to seek water elsewhere but to 
protect those waters to the point where they are a viable 
water supply.  An assessment of the cost of mitigating 
the impacts of a low-head dam on the Rocky River are 
not included in the Draft EIS, nor are any estimate of 
what stormwater and land conservation measures would 
be necessary to bring the Rocky into line with state water 
supply guidelines. 

H.7 Water Efficiency 
 
The Draft EIS takes 125 gallons per capita per day as its 
baseline used to project demand upon the municipal 
water system.  By contrast, the United States Geological 
Survey estimates per capita per day usage at 80-100 a 
day for the average American.  The Draft itself averaged 
acknowledges that historical data shows per capita 
usage in Union County, “between 110 to 120 gpcd, with 
slightly lower values in the most recent years due to 
ongoing mandatory water restrictions, increased 
conservation efforts, and more favorable climate 
conditions (more annual rainfall and slightly lower annual 
temperature averages).” Draft EIS, P.15   We would urge 
that those hard-won lower averages be taken as the new 
norm and that used to estimate, in conjunction with 
slowing growth, a variety of projected water demand 
levels by which the project alternatives can then be 
meaningfully evaluated. 

Comment respectfully received.  However, per capita water use rates 
used to develop the project’s Purpose and Need are both reasonable 
and defensible. 
 
Per section, 2.3.4 of the Draft EIS, the total water demand used for 
projections is 120 gallons per capita per day (gpcd), not 125 gpcd as 
indicated.  While Union County’s  2011 Master Plan used a value of 
125 gpcd for water demand projections, this EIS document uses the 
lower 120 gpcd  as the “new norm”, recognizing the “hard-won lower 
averages” Union County has recognized over recent years, as 
suggested. 
 
Further, the reference to “the United States Geological Survey 
estimates per capita per day usage at 80-100 a day for the average 
American” is based upon residential categorical finished water per 
capita demand and does not represent total system-wide water supply 
per capita demand for a utility.  Therefore, comparison of the 
referenced value to the 120 gallons per capita per day (gpcd) used for 
this EIS is not an accurate comparison. The 120 gpcd rate used to 
establish the Union County projected water supply demand is based 
upon total system demand which includes categorical water demands 
(residential, industrial, commercial, institutional and wholesale) and 
non-revenue water including water treatment and distribution process 
needs (filter backwash, line flushing, hydrant testing, etc), all divided 
by the number of residential customers served.  As such, for all water 
systems, the total system per capita demand is higher than the 
residential categorical per capita customer demand the commenter 
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references. 
 
For comparison sake, text has been added to the EIS document to 
reflect that “as a portion of this 120 gpcd total system demand, 
residential water use per capita demand is to be estimated to be 80 
gpcd.  This is based upon historical Union County residential water 
use which has averaged 65 to 70 percent of the total treated water 
supply since 1997. The 80 gpcd residential per capita water demand 
value compares favorably with the Catawba-Wateree Water 
Management Group’s 2014 Catawba-Wateree Water Supply Master 
Plan, which assumed a basin-wide average residential categorical 
water use rate of 85 gpcd for planning purposes.” 

H.8 Conclusion 
 
The alternatives proposed do not explore the full extent 
of options available.  Instead of choosing the local, low-
cost option of drawing water from the Rocky River in 
conjunction efforts to reduce per capita usage, the 
Preferred Alternative is more expensive, more 
dependent upon politics and more damaging to streams 
and land across Union County than other available 
options.   

Comment respectfully received.  However, please refer to responses 
to prior comments, above. 
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Interbasin Transfer Certificate for Union County 

 

The North Carolina Environmental Management Commission will hold a public hearing to receive 
comments on the draft Environmental Impact Statement prepared for Union County’s interbasin 
transfer (IBT) certificate request.   

The Union County Public Works Water System (Union County) is a provider of drinking water to 
citizens of Union County, excluding the City of Monroe, serving customers in both the Catawba 
River basin and the Rocky River basin.  Union County is requesting a 23.0 million gallons per day 
(mgd) transfer from the Yadkin River IBT basin to the Rocky River IBT basin, calculated on an 
average day of the maximum month basis, per current statutory regulation.  The requested transfer 
amount is based upon 2050 water demand projections to meet anticipated growth in Union 
County's Rocky River IBT basin.   

Currently, most of the water supplied by Union County is sourced from the Catawba River through 
the Catawba River Water Treatment Plant in Lancaster County, South Carolina. To support the 
Rocky River IBT basin service area, Union County transfers a maximum of 5.0 mgd, as allowed by an 
existing grandfathered authorization, from the Catawba River IBT basin to the Rocky River IBT 
basin. The proposed request will avoid the need for an increase in the amount transferred from the 
Catawba River IBT basin. The proposed intake will be on Lake Tillery near the existing location of 
the intake for the Town of Norwood in the Yadkin River IBT basin.  

The public hearing will start at 6:00 p.m. on Wednesday, September 16, 2015, at the Town of 
Norwood Community Building. The supporting environmental documents will be available for 
review two weeks prior to the public hearing at: http://www.ncwater.org/?page=420, as well as 
through the North Carolina Department of Administration State Environmental Review Clearinghouse.  

The purpose of this announcement is to encourage interested parties to attend and/or provide 
relevant written and verbal comments. Division of Water Resources staff requests that parties 
submit written copies of oral comments. Based on the number of people who wish to speak, the 
length of oral presentations may be limited.  

If you are unable to attend, you may mail written comments to Kim Nimmer, Division of Water 
Resources, 1611 Mail Service Center, Raleigh, NC  27699-1611. Comments may also be submitted 
electronically to kim.nimmer@ncdenr.gov.  Mailed and emailed comments will be given equal 
weight.  All comments must be postmarked or emailed by October 16, 2015. 

 

NOTICE OF PUBLIC HEARING 
 

Wednesday, September 16, 2015, 6:00 PM 
Norwood Community Building 

247 West Turner Street, Norwood, NC 28128 
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Transcription for Union County Draft EIS - IBT Public Hearing – 9/16/15 (Norwood, NC) 

 

1. Larry McMahon - Norwood Mayor Pro-Term 

First of all, this was brought before the town of Norwood, it was a golden opportunity for us first of all 

that we’re able to share the natural resources that we have with Union county.  Second of all, when it’s 

said and done Norwood will end up with a new pump station that is substantial monetary value for us in 

the small town that we need. With that being said and done I would like to relinquish my time to the 

former administrator Dwight Smith who has been with us from the first day, first meeting with Union 

county.   

 

2. Dwight Smith – Norwood citizen  

Kim kind of stole part of my thunder when she went into all of the different routes that have been looked 

at and all the hard work that we went into a long time ago.  We went over all of our papers 12 or 15 

different ways with the Union county people trying to find a better route to send the water because we 

didn’t like everything about it.  But, after all was said and done the route that was chosen and the way it 

was chosen to be done, I believe is the best way that the situation can be handled.  Our state has spent a 

tremendous amount of money and it seems like our county even more so, proving that water belongs to 

everybody, all the citizens in Stanley County, all the citizens of the United States really, and not to those 

of us who are lucky enough to live along the banks of the Yadkin River, Catawba River, etc. So actually 

we/I felt like during this process that they owned just about as much of this water as we did.  What I 

couldn’t figure out was, why in the world so many people wanted to live in Union County when they 

could live over here. (laughter)  But it worked the other way and we couldn’t change that.  There’s no 

denying that we’ll be part or a small financial gain from Norwood but actually I think that Cindy and the 

people from Union County own just as much of this water as we do.  There is one thing that I really don’t 

understand about the IBT and I know what that is I’ve been through it 1000 times, but what I really don’t 

understand is so much emphasis being put on interbasin transfer when it goes in to the rocky and it’s 

going to be taken out at the end of Allington St., it’ll come down Rocky River about three miles and then 

it’s right back into the Yadkin Basin. So actually, no water is going to be taken out of the basin, the Yadkin 

Basin, that won’t get back into it. It is a lot better than trying to transfer all that South Carolina water. I 

think it is a great idea, I think that it will help the great county of Union, and I think it will help the town of 

Norwood.  We understand the flow and the standard of the way that Lake Tillery hydraulics are written.  

It will not affect the lake level on Lake Tillery, I don’t think, even the 28 million gallons a day. One other 

thing, since I can speak as a citizen of Norwood now and not as an employee. Next time you send 

somebody to do something, don’t send a Yankee to work with us, send somebody local.  We heartily 

endorse this project and believe me it’s good for Norwood, even for Stanley County. I’d like to add this, 

the way this project ended up in Norwood was, first of all they approached Stanley County and Stanley 

County sent Union County down to Norwood to talk to us about it. I think that is a valid point.   
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3. Ron Hargrove – City of Winston Salem  

I’m the utilities director in Winston Salem. We’re here to support the request for the IBT from Union 

county. Winston Salem has been a beneficiary of the waters of the Yadkin River since 1789 when the 

town of Salem connected the first connection to what’s now called Old Salem. We know the benefits the 

Yadkin River has and fully support it. Winston-Salem promoted, or was a sponsor of the Kerr Scott 

Reservoir which is the very head waters of the Yadkin River so we have through some regional 

collaboration partnerships some ability to call on that water as a reserve source if we were to ever need 

it.  Regional water management is important to us as it is to Union County, we believe that it protects all 

the public health, all the economic development needs as well as it insures a long term adequate supply 

for in this case all the Yadkin water users.  I understand these gentleman’s points, it starts as Yadkin river 

water and it ends as Yadkin river water even though there are sub basin transfers. We think that the 

collaboration between the town of Norwood and Union County obviously make sense in this case, we 

have made partnerships with many of our local partners around Winston-Salem when there have been 

needs on both sides. We think that’s always a good deal for each. We know that Union county did not get 

here without a great deal of effort, obviously you see how thick the document is a lot of engineering and 

modeling analysis was put forth in determining all the alternatives and we understand and have been in 

their shoes before and know what goes into that effort.  We also think that through this effort the limit of 

a true inter basin transfer from the Catawba, even though it’s in South Carolina would be limited going 

out into the future and we think that’s actually a good thing for river basins in the end. So with that I’ll 

end my comments.   

4. Chris Plate - Union County Executive Director of Economic Development 

 I appreciate the opportunity to speak tonight and I am in support of this project.  Union County has 

experienced significant growth over the last 20 plus years. In fact in the 2000’s Union County was the 

fastest growing county in North Carolina and actually as high as number 7 nationally of all 3100 counties 

in the United States.  Union County continues to grow specifically industrially and had become a 

significant job center going to the east of Charlotte.  Most of this industrial growth has been in the major 

Yadkin River Basin portion of Union County and with the construction of the Monroe express way we 

expect to see that growth continue further east and further into the Yadkin River Basin area.  So without 

the project Union County would have a difficult time to continue to provide job opportunities for our own 

citizens as well as those in the surrounding counties.  

5. Gary Honeycutt – Lake Tillery, homeowner  

My name is Gary Honeycutt, I’m a Lake Tillery homeowner and in the interest of full disclosure I also a 

retired employee of HDR Engineering, one of the companies involved in this environmental impact 

statement.  As a home owner on Lake Tillery the things that interest me is maintaining lake levels, 

maintaining the quality of the water maintaining, since I use it predominately for recreation keeping the 

water clean and also to provide water for folks downstream as well as the regional water management.   

The inter basin transfer as it’s been said over and over again is not truly an inter basin transfer but due to 

the general statues it has to be called that. Most of the water, or a significant portion of the water will 

come back and be available to folks downstream the Yadkin River on down to South Carolina. I 

understand that Union County has worked with the town of Norwood to come up with this plan. I know 

that they have all have put a lot of effort into it and I know that it’s a good thing for the citizens of 

Norwood as well as the folks from Union County.  As a retired engineering employee, I understand a lot 
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about what goes into the environmental impact statement and I was involved in the water treatment 

plant for the city of Albemarle their raw water intake on the Tucker Town reservoir, so I have some idea 

about what goes into it and the professionalism of the people involved, so I certainly feel good about 

that.  I know that Union County has looked at numerous options which have been discussed here and I 

think they have come up with the best opportunity to provide water from Union County which they need 

but also adds infrastructure to the Town of Norwood without additional tax burden on its citizens which is 

a good thing.  So as a resident I am totally in favor of this.   

6. Bill Holman – Conservation Fund  

I am North Carolina Director for the Conservation Fund we’re a national land conservation organization 

that also supports economic development, so Mayor Johnson and Commissioner Pruitt thank you for the 

opportunity to speak. Like probably a lot of North Carolinians I have fond memories of being in Stanly, 

family camping at the state park growing up and I’ve also done a lot of camping trips in the national forest 

so you live in a great part of the world. I also want to say we work with a couple of local land 

conservationist there’s the Catawba lands conservancy that serves Union County and then there’s the 

land trust from central North Carolina that serves Stanley and Montgomery and other counties up the 

Yadkin.  Just a few general comments I think the environmental review process is working well. I think I’m 

in general agreement, I will not claim to have read the entire document but my scanning of the document 

is the at the preferred alternative has the least environmental impact it’s also one of the most cost 

effective alternatives so I think that’s a sign the environmental  process is working well.  I think the 

environmental document gives a pretty thoughtful evaluation of the alternatives, and I think in general 

when you can take advantage of an existing reservoir like Lake Tillery and existing infrastructure, I know a 

new intake, treatment intakes and distribution system is going to be required but the fact that there is 

not a proposal for a big new reservoir somewhere and all the environmental issues associated with that, I 

think that’s a real plus.  Some of the things I’d like to put into the process for consideration by the 

environmental management commission and folks in the Yadkin/Pee-Dee Basin is I think there is a good 

model of long range water supply planning that you can learn from, your neighbors over in the Catawba 

water region have created the Catawba Water Management Group, that’s the water utilities and Duke 

Energy that are planning on water supply in the future,  they’ve got a 50 year water supply master plan 

that I think is a really good model for other basins. I live in the research triangle now, I grew up in 

Greensboro and Winston-Salem but live in the research triangle region now and like has been pointed out 

there’s kind of a ridge, there’s a falls way in the Neuse River Basin and there’s Jordan Lake and Cape Fear 

River basin and those cities in those cities in those river basins are working with DWR and are planning 

together because they’re growing as a region and they need to think about water as a region and I think 

that kind of discussion is right for the folks in the Catawba and Yadkin/Pee-Dee basin because you all are 

growing together. That’s a longer term kind of issue but I would recommend you consider something like 

that. My organization is in the land conservation business and one of the points I’d like to make is there’s 

a lot of benefits for water quality and quantity in the basin, from parks and forests, frankly there’s a lot of 

private land that’s being managed in a conservation way that is delivering clean water to the folks that 

live in this basin. The benefits of land conservation should be taken into account and we’d be interested 

in the conservation fund and also the land trust for North Carolina and organizations like Soil and Water 

Conservation would be interested in working with Union County with Norwood and with all the folks that 

depend on the Yadkin/Pee-Dee for water supply to think about how we can continue to invest in land 

conservation and other things that keep delivering clean water and abundant water. I think the preferred 
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alternative, even though it’s going to cost millions of dollars is the alternative that is going to be the most 

effective for Union County and its going to facilitate economic prosperity in the county and so I think it 

makes sense as we’re investing in infrastructure to facilitate growth in the county in Union County we 

should be investing in protecting not only Lake Tillery but also the storage in this basin comes from High 

Rock Lake so to be thinking about how we’re going to assure 50 years from now that there’s going to be 

adequate supplies of clean water available in the future. Like the other speakers I will provide some 

written comments. Thanks for the opportunity to speak and I look forward to working with you in the 

future.  

7. Bryan Bowles – Norwood Town Administrator 

A few projects that this project will be great for Norwood. We will get a new raw water intake out of it, it 

will be replacing a 30 year old plus structure which we remodeled in the 80’s originally constructed in the 

50’s.  One of the great things about this, working with Jonathan getting a lot of information from him is 

this structure will have multiple intakes.  So if we get a batch of bad water we will be able to change 

depths, if the lake turns over we will be able to avoid some bad water quality issues.  It will also have an 

updated look, it won’t be just a brick building right on the lake, it will be aesthetically pleasing for the 

neighbors and maybe add a little value there.  It will be great for the town in other ways, it’ll provide us 

with a steady revenue stream that hasn’t been there in the past.  This will give us several options on using 

these finances whether it be delaying a property tax increase, paying off current or future debt maybe 

hiring additional personnel or even increasing some of our level of services. In conversations with some of 

the representatives from Union County and HDR I do feel like this option 1A for this inter basin transfer 

between Norwood and Union County to be the best fit. It’ll reduce the amount of environmental impacts, 

keep cost down and while being able to meet projected demand for Union County compared to other 

options listed.    
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(~ DUKE 
ENERGY~ 

October 14, 2015 

Ms. Kim Nimmer 
Division of Water Resources 
1611 Mail Service Center 
Raleigh, N.C. 27699-1611 

Re: Comments on Draft Environmental Impact Statement 

WATER STRATEGY, HYDRO 
LICENSING AND LAKE SERVICES 

Duke Energy Corporation 
526 South Church Streel 

Charlotte, NC 2820~ 

Mailing Address. 
EC12Y/P.O. Box 1006 

Union County Yadkin River Water Supply Project Proposed lnterbasin Transfer 

Dear Ms. Nimmer: 

Duke Energy hereby submits comments on the draft Environmental Impact Statement for the 
Union County Yadkin River Water Supply Project's proposed lnterbasin Transfer from the 
Yadkin IBT River Basin to the Rocky IBT River Basin. 

We appreciate the opportunity to provide the enclosed comments. Please contact Tami Styer at 
(704) 382-0293 (Tami.Styer@duke-energy.com) if you have questions or required additional 
information. 

Sincerely, 

Jeffrey G. Lineberger, P.E. 
Director, Water Strategy and Hydro Licensing 
Duke Energy 

Enclosure: Duke Energy Comments on Draft Environmental Impact Statement 

cc : Tami Styer 
Phil Fragapane 
Ed Bruce 
Eric Rouse 
Ed Goscicki (Union County) 
Bryan Hall (Town of Norwood) 
Kevin Mosteller (HDR Engineering) 
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Duke Energy 
Comments on Draft Environmental Impact Statement 

Union County Yadkin River Water Supply Project 
Proposed Interbasin Transfer from the Yadkin River Basin to the Rocky River Basin 

 
1. Executive Summary and Numerous Places in the Document:  There are incorrect 

references to the Yadkin River in the Draft EIS which should correctly refer to the Pee 
Dee River.   The Yadkin River becomes the Pee Dee River at the confluence of the 
Uwharrie River and the Yadkin River in the headwaters of Lake Tillery.  The intake 
location for the preferred alternative is in Lake Tillery, downstream of the Uwharrie 
River, and therefore in the Pee Dee section of the river.  We understand the entire source 
basin is called the Yadkin River in the State regulation governing IBTs, thus the 
references to the Yadkin IBT River Basin; however, many other references should be 
changed to either the Yadkin-Pee Dee River or the Pee Dee River. 

 
2. Executive Summary, page ES-1:  Water needs in the County’s Yadkin IBT River Basin 

Service Area are projected to increase from a current (2013) maximum month average 
daily demand of 7.7 million gallons per day (mgd) to 28.9 mgd by 2050 (equivalent to a 
current maximum daily demand of 9 mgd to 35.3 mgd by 2050).  This equates to an 
Annual Growth Rate (AGR) of 3.5% per year.  This number is higher than the projections 
for some comparable neighboring Catawba-Wateree River Basin water suppliers (e.g., 
Town of Mooresville, 1.47% annual growth rate, etc.).  This larger growth rate should be 
explained in greater detail (e.g., service area expansion, etc.). 

 
3. For Illustration ES-1 and other similar images, the 2050 12-mile Water Reclamation 

Facility (WRF) return to the Catawba River Basin combined with the 2050 IBT from the 
Catawba Basin is confusing and seems to imply a net increase to the Catawba River 
Basin. 

 
4. Alternative 3A relies on running a water transmission line along Duke Energy electric 

transmission rights-of-way for a portion of the route.  Duke Energy's transmission line 
crossing guidelines do not allow water transmission lines to run along electric 
transmission line rights-of-way at angles greater than 30 degrees from the perpendicular 
line to the electric transmission right-of-way. 

 
5. In Section 2.3, there is a conservative assumption that the "per-capita" demand rate will 

remain at 120 gallons per capita per day (gpcd).  This rate is higher than the Catawba-
Wateree Water Management Group (CWWMG) Water Supply Master Plan current 
residential use (85 gpcd) and reduction target (70 gpcd) for the next fifty years.  A brief 
discussion should be included comparing the assumptions for the two different numbers 
(e.g., residential versus total water use, etc.). 

 
6. Section 2.6.3 - Low Inflow Protocol (LIP) for the Yadkin & Yadkin-Pee Dee River 

Hydroelectric Projects:  Clarification is needed as to who would be required to abide by 
the Yadkin-Pee Dee LIP (i.e., the intake owner and/or some other entity). 
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7. Section 4.12 – Water Resources (Surface Water and Groundwater):  Reservoir levels and 

hydropower production should appropriately be listed as “affected environments”. 
 

8. Section 5.8 - Air Quality:  The effects of less hydropower production on air quality 
should be discussed briefly (e.g., relatively minor impact, etc.) 

 
9. Section 5.12.2.6 -  Direct Impacts – Yadkin River Basin Water Quantity:   

a. In Table 5-11 Period of Record (1955 to 2013) Lake Aesthetics (Elevation) 
Impacts, Based on % of Time End of Day Elevations within Particular Range of 
Rule/Guide Curve or Full Pond Elevation, (along with Tables 5-12 and 5-13), the 
actual range analyzed should be added to each table. Also, this section 
characterizes impacts on lake level in tabular form, assigning designations of 
impact such as 'negligible' or 'minor', etc.  Lake level duration curves should be 
provided for each of the alternatives showing differences between scenarios in 
impacts on lake levels.  Additionally, simulated lake levels for Blewett Falls Lake 
and Lake Tillery should be shown graphically for all IBT scenarios during the 
drought of record and assuming future demands. 

b. In the Reservoir Discharge discussion for Lake Tillery (page 262), the statement 
“Even withdrawals from the Rocky River would have a minor impact to Lake 
Tillery releases…” is an unclear conclusion given the Rocky River discharge is 
downstream of Lake Tillery.  This should be removed or explained in more detail. 

c. Tables 5.26 – 5.28 (page 268) discuss hydropower generation impacts due to the 
IBT withdrawals.  The lost hydropower would result in a slight increase in fossil 
generation that should be mentioned as a minor impact. 
 

10. Section 5.12.3.6. Direct Impacts – Catawba River Basin Water Quantity - In Table 5-34, 
Lake Aesthetics (Elevation) Impacts, Alternative 6 (presumed increased withdrawal from 
the lower Catawba River Basin) shows a small impact in the upper Catawba River Basin, 
but Alternative 7 does not.  The result may be modeling “noise”, but does seem unusual. 
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North Carolina 
Department of Administration 

Pat McCrory, Governor 

Ms. Kim Nimmer 
NCDENR 
Division of Water Resources 
Water Quality Programs 
1611 Mail Service Center 
Raleigh, NC 27699-1617 

Bill Daughtridge, Jr., Secretary 

October 20, 2015 

Re: SCH File #16-E-4300-0064; DEIS; Proposed is a DEIS for the Union County Yadkin River 
Water Supply project. Project will transfer 23 mgd from the Yadkin River Basin to the 
Rocky River Basin based on 2050 projected water demands. 

Dear Ms. Nimmer: 

The above referenced environmental impact information has been reviewed through the State 
Clearinghouse under the provisions of the North Carolina Environmental Policy Act. 

Attached to this letter are comments made in the review of this document. The comment(s) need to be 
addressed in the Final Environmental Impact Statement. This document should be submitted to the State 
Clearinghouse upon completion for compliance with the North Carolina Environmental Policy Act. 

Attachments 

Cc: Region F 

Mailing Addre.\'.\·; 

I 30 I Mail Service Center 
Raleigh, NC 27699·1301 

Sincerely, 

~~ktws 
Teresa Matthews 
State Environmental Review Clearinghouse 

Telephone: (919)807-2425 
Fax (919)733-9571 

State Courier #51-01-00 
e-mail state.c!earinghou.se@doa.nc.gov 

An Equal Opportunity/Affirmative Action Employer 

Location Address: 
116 West Jones Street 
Rakigh, North Carolina 
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NORTH CAROLINA STATE CLEARINGHOUSE 
DEPARTMENT OF ADMINISTRATION 

IMERGOVERNMENTAL REVIEW 

COUNTY: UNION Hl2:0THER STATE NUMBER: 16-E-4300-0064 
DATE RECEIVED: 08/28/2015 
AGENCY RESPONSE: 10/07/2015 

MS CAROLYN PENNY 

CLEARINGHOUSE COORDINATOR 

DPS - DIV OF EMERGENCY MANAGEMENT 

FLOODPLAIN MANAGEMENT PROGRAM 

MSC # 4218 

RALEIGH NC 

REVIEW DISTRIBUTION 

CENTRALINA COG 
DENR LEGISLATIVE AFFAIRS 

DEPT OF CULTURAL RESOURCES 

DEPT OF TRANSPORTATION 

DPS - DIV OF EMERGENCY MANAGEMENT 

PROJECT INFORMATION 
APPLICANT: NCDENR 
TYPE: State Environmental Policy Act 

Draft Environmental Impact Statement 

REVIEW CLOSED: 10/12/2015 

( .. '") (\ 

2 2015 

DESC: Proposed is a DEIS for the Union County Yadkin River Water Supply project. 
Project will transfer 23 mgd from the Yadkin River Basin to the Rocky River Basin 
based on 2050 projected water demands. - View document at 
http://www.ncwater.org/?page~420 

The attached project has been submitted to the N. C. State Clearinghouse for 
intergovernmental review. Please review and submit your response by the above 
indicated date to 1301 Mail Service Center, Raleigh NC 27699-1301. 

If additional review time is needed, please contact this office at (919)807-2425. 

AS A RESULT OF THIS REVIEW THE FOLLOWING IS SUBMITTED: c=J NO COMMENT COMMENTS ATTACHED 

'""'" "' 9~ h ~ulaa~ """ OG fi.,J .J.<ic; 
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North Carolina Department of Public Safety 
Emergency Management 

Pat McCrory, Governor 
Frank L. Perry, Secretary 

State Clearinghouse 
N.C. Department of Administration 
1301 Mail Service Center 
Raleigh, North Carolina 27699-1301 

September 9, 2015 

Subject: Intergovernmental Review State Number: 16-E-4300-0064 
Union County Yadkin River Water Supply Project 

Michael A. Sprayberry, Director 

As requested by the North Carolina State Clearinghouse, the North Carolina Department of 
Public Safety Division of Emergency Management Risk Management reviewed the proposed 
project listed above and offers the following comments: 

1) The Draft Environmental Impact Statement (DEIS) clearly and thoroughly outlines the 
impacts within the Special Flood Hazard Areas due to the proposed project. As noted in 
the DEIS, a floodplain development permit issued by the local jurisdiction will be 
required for all work within the SFHA. Please note that although mitigation or hydraulic 
analysis may not be required, permitting is still required for all work within the SFHA. 

2) A hydraulic analysis will be required for new grading, construction, or the storage of 
equipment or materials within a floodway or non-encroachment area. A No-Rise 
Certification is required if the proposed element of the project does not increase flood 
levels during the base flood discharge. A Conditional Letter of Map Revision (CLOMR) 
will be required if the project results in an increase in flood levels during the base flood 
discharge. No structures may be impacted by an increase in flood levels. 

3) Critical facilities should be protected to the 0.2% (500-year) flood level or the Regulatory 
Flood Protection Elevation, whichever is higher. 

4) Please coordinate with this office if the project results in any changes to the hydrology of 
the Yadkin River or adjoining basins. 

Thank you for your cooperation and consideration. If you have any questions concerning the 
above comments, please contact me at (919) 825-2300, by email at dan.brubaker@ncdps.gov or 
at the address shown on the footer of this document. 

MAILING ADDRESS: 
4218 Mail Service Center 
Raleigh NC 27699-4218 

www.ncem.org 

An Equal Opportunity Employsr 

GTM OFFICE LOCATION: 
4105 Reedy Creek Road 

Raleigh, NC 27607 
Telephone: (919) 825-2341 

Fax: (919) 825-0408 
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State Clearinghouse 
16-E-4300-0064 

Page 2 of2 September 9, 2015 

cc: John Dorman, Program Manager 
John Gerber, NFIP State Coordinator 

File 

Sincerely, 

John D. Brubaker, P.E., CFM 
NFIP Engineer 
Risk Management 
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NORTH CAROLINA STATE CLEARINGHOUSE 
DEf>ARTMENT OF ADMINISTRATION 

INTERGOVERNMENTAL REVIEW 

COUNTY: UNION 

MS RENEE GLEDHILL-EARLEY 

CLEARINGHOUSE COORDINATOR 

DEPT OF CULTURAL RESOURCES 

Hl2:0THER 

STATE HISTORIC PRESERVATION OFFICE 

MSC 4617 -ARCHIVES BUILDING 

RALEIGH NC 

REVIEW DISTRIBUTION 

CENTRALINA COG 
DENR LEGISLATIVE AFFAIRS 

DEPT OF CULTURAL RESOURCES 

DEPT OF TRANSPORTATION 
DPS - DIV OF EMERGENCY MANAGEMENT 

PROJECT INFORMATION 
APPLICANT: NCDENR 
TYPE: State Environmental Policy Act 

Draft Environmental Impact Statement 

STATE NUMBER: 16-E-4300-0064 
DATE RECEIVED: 08/28/2015 
AGENCY RESPONSE: 10/07/2015 
REVIEW CLOSED: 10/12/2015 

DESC: Proposed is a DEIS for the Union County Yadkin River Water Supply project. 
Project will transfer 23 mgd from the Yadkin River Basin to the Rocky River Basin 
based on 2050 projected water demands. - View document at 
http://www.ncwater.org/?page~420 

The attached project has been submitted to the N. C. State Clearinghouse for 
intergovernmental review. Please review and submit your response by the above 
indicated date to 1301 Mail Service Center, Raleigh NC 27699-1301. 

If additional review time is needed, please contact this office at (919)807-2425. 

AS A RESULT OF THIS REVIEW THE FOLLOWING IS SUBMITTED: c=J NO COMMENT ~ COMMENTS ATTACHED 

L~wu-®Ooa= SIGNED BY: DATE: 
I I 

SEP 0 2 2015 
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Governor Pat McCrory 
Sccrerru;· Susan Kluttz 

September 25, 2015 

Vickie M. Miller 
HDR 

North Carolina Department of Cultural Resources 
State Historic Preservation Office 

Ramona M. Bartos, :\.dministrator 

3733 National Drive, Suite 207 
Raleigh, NC 27612 

Office of ArchiYes and llisto:ry 
Deputy Secretary KeYin Cherry 

Re: Yadkin River Water Supply Project, Interbasin Transfer, Union County, ER 13-2841 

Dear Ms. Miller: 

Thank you for your submission of September 1, 2015, regarding the above-referenced undertaking. We have 
reviewed the materials submitted and offer the following comments. 

The preferred alternative chosen for the proposed undertaking is Alternative 1A. As stated in our previous 
letter, this alternative has the potential to adversely affect the Norwood Commercial Historic District (ST0531), 
which is considered eligible for listing in the National Register of Historic Places. However, if the undertaking 
is conditioned to occur wholly within existing DOT or utility rights-of-way, it is unlikely the work will adversely 
affect the historic district or archaeological resources. However, if earth moving activities associated with the 
project impinges on previously undisturbed areas then an archaeological investigation may be warranted. 

The above comments are made pursuant to Section 106 of the National Historic Preservation Act and the 
Advisory Council on Historic Preservation's Regulations for Compliance with Section 106 codified at 36 CFR 
Part 800. 

Thank you for your cooperation and consideration. If you have questions concerning the above comment, 
contact Renee Gledhill-Earley, environmental review coordinator, at 919-807-6579 or 
environmental.review@ncdcr.gov. In all future communication concerning this project, please cite the above 
referenced tracking number. 

Sincerely, 

[)'Ramona M. Bartos 

cc: State Clearinghouse 

Location: 109 East Jones Street, Raleigh NC 27601 Mailing Address: 4617 Mail Service Center, Raleigh NC 27699-4617 Telephone/Fax: (919) 807-6570/H0?-6599 
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NORTH CAROLI~ STATE CLEARINGHOUSE 
DlllPAR'l'Ml!INT OF .itdlJUNISTRATION 

IN'l'ERGOVERNMBN'l'AL RlllVIBW 
COUNTY: UNION 

MS LYN HARDISON 
CLEARINGHOUSE COORDINATOR 
DENR LEGISLATIVE AFFAIRS 

H12: OTHER 

GREEN SQUARE BUILDING - MSC # 1601 
RALEIGH NC 

REVIEW DISTRIBUTION 

CENTRALINA COG 
DENR LEGISLATIVE AFFAIRS 
DEPT OF CULTURAL RESOURCES 
DEPT OF TRANSPORTATION 
DPS - DIV OF EMERGENCY MANAGEMENT 

PROJECT INFORMATION 

APPLICANT: NCDENR 
TYPE: State Environmental Policy Act 

Draft Environmental Impact Statement 

STATE NUMBER: 16-E-4300-0064 
DATE !UlCEIVI!lD: 0~/28/2015 

AGENCY RESPONSE: 10/07/2015 
REVIEW CLOSED: 10/12/2015 

DESC: Proposed is a DEIS for the Union County Yadkin River Water Supply project. 
Project will transfer 23 mgd from the Yadkin River Basin to the Rocky River Basin 
based on 2050 projected water demands. - View document at 
http://www.ncwater.org/?page=420 

The attached project has been submitted to the N. C. State Clearinghouse for 
iQtergovernmental review. Please review and submit your response by the above 
indicated date to 1301 Mail Service Center, Raleigh NC 27699-1301. 

If additional review time is needed, please contact this office at (919)807-2425. 

AS A RESULT FOLLOWING IS SUBMITTED: NO COMMENT D COMMENTS ATTACHED 

SIGNED BY: DATE: /0-""1·15 

D-193



COUN'l'Y: UNION 

NORTH CAROLINA STATE CLEARINGHOUSE 
DBPARTMBNT OF ADMINISTRATION 

.INTBRGOVEllNMBN'l'AL RBVIBW 

Hl2: OTHER STATE NUMBER: 16-E-4300-0064 
DATE RECEIVED: 08/28/2015 
AGENCY RESPONSE: 10/07/2015 
REVIEW CLOSED: 10/12/2015 

MS CARRIE ATKINSON 
CLEARINGHOUSE COORDINATOR 
DEPT OF TRANSPORTATION 
STATEWIDE PLANNING - MSC #1554 
RALEIGH NC 

REVIEW DISTRIBUTION 

CENTRALINA COG 
DENR LEGISLATIVE AFFAIRS 
DEPT OF CULTURAL RESOURCES 
DEPT OF TRANSPORTATION 
DPS - DIV OF EMERGENCY MANAGEMENT 
PRO.;IECT INli'OliMAUON 

APPLICANT: NCDENR 
TYPE: State Environmental Policy Act 

Draft Environmental Impact Statement 

DESC: Proposed is a DEIS for the Union County Yadkin River Water Supply project. 
Project will transfer 23 mgd from the Yadkin River Basin to the Rocky River Basin 
based on 2050 projected water demands. - View document at 
http://www.ncwater.org/?page=420 

The attached project has been submitted to the N. C. State Clearinghouse for 
intergovernmental review. Please review and submit your response by the above 
indicated date to 1301 Mail Service Center, Raleigh NC 27699-1301. 

If additional review time is needed, please contact this office at (919)807-2425. 

AS A RESULT OF THIS SUBMITTED: NO COMMENT D COMMENTS ATTACHED 

SIGNED BY: DATE: 0~4 -sk/5,.-
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               1601 Mail Service Center, Raleigh, North Carolina 27699-
1601 

                   An Equal Opportunity \ Affirmative Action Employer – Made in part 
by recycled paper 

 

 

 

      North Carolina Department of Environmental Quality 
 

Pat McCrory 
  Governor 

  Donald R. van der 
Vaart 

Secretary

October 28, 2015 
 

 
MEMORANDUM 
 

FROM:    Harold Brady, SEPA Review Coordinator ‐ DWR   

TO:      Jonathan Williams, HDR Inc. 

SUBJECT:  Union County–Draft Environmental Impact Statement (EIS) for a 
requested Interbasin Transfer Certificate transferring water from the 
Yadkin IBT basin into the Rocky IBT basin.  

 
The Division of Water Resources has reviewed the Draft Environmental Impact Statement 
(EIS) document and has the following additional comments from those submitted in May 
2015. 
 
Harold Brady (Water Supply Planning Branch):  

     

 Section 5.12: Please identify the source of the performance measures criteria for the hydrologic 
modeling and document the background information on the source. As well, please provide the 
source for the interpretation criteria of the results from the hydrologic modeling. In particular the 
source for the ranges selected for the minor, moderate, and major categories used needs to be 
documented. Additional explanation for each table related to the hydrologic modeling needs to be 
included to avoid misinterpretations of the data presented. This should be done in the text prior to 
or following each table. This information will provide the reader as well as the lead agency with 
confidence in the presentation of the results from the hydrologic modeling activities and allow for 
greater understanding of any hydrologic impacts.   

 Section 5.12.1.4, second paragraph, last sentence: Please change “UFWS” to “USFWS”. 

 Appendices: Please include water balance tables for current year (or year used for baseline within 
document) and each ten‐year increment for 30‐years, at a minimum. 
 
 

Please contact Harold Brady (919‐707‐9005, harold.m.brady@ncdenr.gov) if you have 
questions regarding these comments. 
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PO Box 271 

                                             Chapel Hill, NC 27514 
                                                                

 Phone: 919-967-2223 
Fax: 919-967-9702 

www.conservationfund.org 
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November 16, 2015 

 

 

 

Mr. Bill Puette 

Environmental Management Commission 

1617 Mail Service Center 

Raleigh, North Carolina 27699-1617 

 

Ms. Kim Nimmer 

Interbasin Transfer Program Coordinator 

NC Division of Water Resources 

1611 Mail Service Center 

Raleigh, North Carolina 27699-1611 

 

Re: Draft Environmental Impact Statement on Union County Public Works Water System Request for a 

Certificate for an Interbasin Transfer from the Yadkin River Basin to the Rocky River Basin 

 

Dear Mr. Puette & Ms. Nimmer: 

 

Thank you for the opportunity to speak at the September 16, 2015 public hearing in Norwood on the 

draft environmental impact statement (DEIS) in support of Union County Public Works Water System’s 

Request for a certificate from the Environmental Management Commission to transfer up to 23,000,000 

gallons of water per day from Lake Tillery in the Yadkin River Basin to the Rocky River Basin.  

 

I am writing on behalf of The Conservation Fund (The Fund) to provide more detailed comments on the 

DEIS and IBT request.  

 

The Fund commends Union County for planning for its water supply needs for 2050 and beyond and for 

collaborating with the Town of Norwood on a solution with mutual benefits.  

 

The Fund will be respectfully urging Union County and the Town of Norwood to build upon their 

regional water supply planning collaboration to work with land conservation organizations and other 

local governments: 1) to develop a plan to increase protection and restoration of Lake Tillery and other 

important reservoirs in the Yadkin/Pee Dee River Basin, and 2) to begin to reserve and invest funds in 

land conservation and restoration in the Lake Tillery watershed. Their investments in land conservation 

and restoration will increase source water protection and would leverage other public and private funds. 

 

The Fund respectfully asks the Division of Water Resources and the Environmental Management 

Commission to also urge Union County and Norwood to work with land conservation organizations, 

such as The Fund, the Land Trust for Central North Carolina, and the Catawba Lands Conservancy to 

develop a plan to increase protection of Lake Tillery and to invest in protecting Lake Tillery.   
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The Fund also recommends that Union County, Norwood, other water utilities, Duke Energy and Alcoa 

consider creating an organization similar to the Catawba-Wateree Water Management Group 

(CWWMG) to facilitate long term planning and collaboration on water supply and water quality 

problems. CWWMG updated its 50-year Water Supply Master Plan in June, 2015. It’s a great model for 

river basin wide planning and collaboration by water utilities, electric utilities and key stakeholders.  

 

The Fund notes that CWWMG plans to study and model the benefits of land conservation in reducing 

sedimentation/preserving reservoir capacity and in maintaining stream flows in 2016 as it begins to 

implement the options identified in its Water Supply Master Plan. The Fund recommends that Union 

County, Norwood and other utilities consider a similar study and model in the Yadkin/Pee Dee River 

Basin.  

 

Preferred Alternative Identified by DEIS 

 

The Fund has reviewed the DEIS prepared by HDR in August, 2015 and agrees with many of its 

conclusions. The Fund believes that the environmental assessment and review process conducted under 

the State Environmental Policy Act (SEPA) worked well.  The environmental and economic costs and 

benefits of many alternatives were carefully considered. 

 

The preferred alternative takes advantage of Lake Tillery, an existing reservoir, and avoids building a 

new reservoir and the environmental damage associated with building new impoundments. The 

preferred alternative also avoids increasing water withdrawals and interbasin transfers from the stressed 

Catawba-Wateree River Basin. The preferred alternative requires collaboration between Union County 

and The Town of Norwood and will provide benefits to both local governments.   

 

Under the preferred alternative Union County will make substantial investments in a new intake on Lake 

Tillery and in a new water distribution and treatment system. The DEIS does not adequately address 

policies and measures to protect the source water, Lake Tillery, or other reservoirs in the Yadkin/Pee 

Dee River Basin.  

 

The DEIS also does not adequately address policies and measures to reduce and mitigate the secondary 

environmental impacts that will be the result of the new growth in Union County enable by new water 

capacity and infrastructure.  

 

Union County is one of the fastest growing counties in North Carolina. The NC Office of State Budget 

& Management projects that Union County’s population will increase to 243,620 from 201,307 or by 

21.0% between 2010 – 2020 and will increase to 289,766 from 243,620 or by 18.9% between 2020 – 

2030. 

 

Source Water Protection 

 

A variety of preventable disasters threatened drinking water supplies across the United States in 2014. In 

response to these threats Representative Rick Catlin from New Hanover County and others sponsored 

HB 894, An Act to Improve Source Water Protection Planning, in the 2014 General Assembly. The 

General Assembly enacted and Governor McCrory signed SL 2014-41.  GS 130A-320 strengthens the 

State’s existing source water protection program and requires public water suppliers to develop source 
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water protection plans. Investments in land conservation and restoration will help Union County, 

Norwood and other local governments comply with GS 130A-320.  

 

North Carolina’s Source Water Assessment Program in the Division of Water Resources considers Lake 

Tillery to have a moderate inherent vulnerability rating, a moderate contaminant rating and a moderate 

susceptibility rating. Land conservation will reduce the risk of potential contamination.  

 

The Environmental Management Commission has classified Lake Tillery as WS-IV, which provides 

minimal protection from stormwater pollution and land use change.  Local initiatives and investments 

will be required to enhance source water protection in Lake Tillery.  

 

EMC May Require Mitigation Measures 

 

The EMC may require applicants for IBT certificates to mitigate impacts of the IBT pursuant to GS 143-

215.22L (m).  For example in its July, 2001 decision to approve a temporary increase in IBT from 

Jordan Lake in the Haw River Basin to the Neuse River Basin, the EMC set out a number of conditions 

to mitigate the impacts of the IBT.  The EMC also gave the applicants credits for their policies and 

programs that exceeded state minimum standards.  

 

FERC Review 

 

The Fund notes that Union County and Norwood will have to file an amendment with Duke Energy 

Progress and the Federal Energy Regulatory Commission (FERC) to increase water withdrawals from 

Lake Tillery. The Fund believes and effective and collaborative watershed protection plan will be 

positively considered by FERC.  

 

Thank you for your consideration. 

 

 

 

Sincerely, 

 

 
 

Bill Holman 

North Carolina Director  

 

 

 

C: Mr. Edward Goscicki, Union County 

 Mr. Bryan Bowles, Town of Norwood 

 Ms. Crystal Cockman, Land Trust for Central NC 

Mr. Tom Okel, Catawba Lands Conservancy  
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  846 West Fourth St.   

Winston-Salem, NC 27101 
Telephone : 336-722-4949 

 
November 16, 2015 

 

VIA EMAIL AND U.S. MAIL 
 

Nin Kimmer 
Division of Water Resources 
1611 Mail Service Center 
Raleigh, NC 27699 
nin.kimmer@denr.gov 
 

Re:  Yadkin River Water Supply Project Interbasin Transfer  
 Pump Station, Access Roads and Pipe Corridor  
 Draft Environmental Impact Statement 
  
  

 Dear Sir, 
 
 Yadkin Riverkeeper submits these comments on the proposed 
Yadkin River Water Supply Project(YRWSP) Interbasin Transfer Draft 
Environmental Impact Statement.  The Yadkin Riverkeeper is a 501c(3) 
organization whose mission is to protect drinkable, fishable, swimmable 
water in the Yadkin basin.  We are a membership-based organization 
and have members whose use and enjoyment of the waters of the 
Yadkin/Pee Dee within the project area are affected by the proposed 
YRWSP Interbasin Transfer.   
 YRK supports water from a given hydrologic unit staying within 
its natural watershed.  If we are to have sustainable long-term growth in 
North Carolina, our communities must exist within the carrying capacity 
of their natural systems.  To reach, as the proposed alternative does, 
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outside of the Rocky River basin in which the majority of the projected 
growth will fall, creates unnecessary costs and environmental impacts.    
For this reason, we raise a number of concerns about the preferred 
Alternative 1A favored by the Draft EIS.  While we agree that Union 
County must “secure a reliable water supply” we disagree that 
Alternative 1A is the most efficient means of doing so, either in cost to 
ratepayers or in terms of environmental impact.   
 

1. Assumptions 
 
a. Projected Growth in Union County 
The Draft is inconsistent in its descriptions of induced growth 

related to the proposed project.  Specifically, the Draft states that the no 
action alternative would lead to economic stagnation, but then when 
estimating the impacts of alternatives, the Draft estimates the impacts of 
growth from the IBT will be “minor” or “insignificant”.  If the projected 
growth cannot occur without one of the action alternatives being 
chosen, the environmental impacts of that growth must be factored into 
the “Secondary” and “Cumulative” impact analyses.   

If alternatives themselves will dictate growth, a consideration of 
meaningful alternatives must then consider different patterns of 
induced growth paired with different potential water sources.  

 
b. Projected Need for Water 
The EIS takes as a given the 28.9 MGD Maximum Monthly Average 

Projected Water Demand.  However, this is not the only reasonable 
definition of the project’s “Purpose and Need”.  Nowhere in the EIS is a 
different growth path considered, and how the various projects might 
satisfy a different target.    Given that growth rates in Union County have 
fluctuated widely in the last decade, it is only prudent, when considering 
the largest capital expenditure Union County faces, to evaluate the 
alternatives in relation to a range of growth scenarios.  

In particular, the stated Purpose and Need, set at 23 MGD, 
forecloses the possibility of a water supply within the Rocky River 
subbasin because a withdrawal of that size would, “necessitate a large 
portion of the total water within the Rocky River be withdrawn at this 
location[Just above Highway 205].” Draft EIS, p. 276  

Given that Alternative 5is, by far, the lowest cost option at almost 
$50 million cheaper than Preferred Alternative 1A($190 to $239 
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million), an alternatives analysis is not complete without a study of 
what level of water could be withdrawn from the Rocky while achieving 
minimal environmental impacts. 

 
c. Finding a watershed carrying capacity 

Ultimately, the most sustainable long-term supply of water for the 
area will come from its local ground and surface waters.  By reaching 
outside of this area, Union County puts itself in long-term competition 
for Yadkin River water with other municipalities and opens itself to the 
possibility that, as with its current agreement with Anson County, a 
change in local politics will require additional investment in the future.  
Indeed, the Draft admits that the Preferred Alternative 1A was selected 
not because it was the most cost efficient or because it had the least 
environmental impact but because of the current political environment, 
“"...Union County held discussions with numerous entities along the Yadkin river 
regarding partnerships for water supply.  Of all those contacted, the Town of 
Norwood was the only political jurisdiction who expressed a desire to participate 
in a partnership with mutual benefits for both parties." Draft EIS August 2015, p. 
25   

 
2. Local Impacts 

 
The preferred alternative 1A is not the option with the least 

environmental impacts either during construction or after. Alternative 
1A will impact 551 acres, Alternative 5 will impact only 67. Draft EIS, p. 
225  Alternative 5 will impact less than 10% as much land, permanently 
and during construction compared to 1A. Alternative 5 is the only 
alternative outside of modifying existing current WTPs that will not 
impact any current agricultural land.  In terms of Significant Natural 
Heritage Areas Alternative 5 impacts 5.5 acres  while Alternative 1A will 
impact 7.2 acres of significant Natural Heritage Area. Alternative 5 does 
not impact any perennial streams, only 1,343 feet of intermittent stream 
on 3 crossing vs. 11,014 feet of intermittent stream via 20 crossings and 
2,848 ft of perennial streams via 11 crossings.   

 By the majority of environmental impact indicators, then 
Alternative 1A is not the least environmentally damaging option.  The 
primary area it differs from Alternative 1A is that it would withdraw 
water from the Rocky River rather than a reservoir on the Yadkin, like 
Lake Tillery. 
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 The feasibility of re-classification of the Rocky River as a drinking 
water supply should be more thoroughly investigated in the Draft EIS, in 
conjunction with looking at whether the Purpose and Need could be met 
with a  conjunction of efficiency measures combined with a smaller 
Maximum Monthly Average withdrawal.    
 Before attempting to take clean water from a distant reservoir, 
the County must come to terms with the impact current growth is 
having on its own Rocky River, which is impaired for copper, turbidity 
and biological integrity.  Draft EIS, p.281.  We would respectfully submit 
that when local waters are impaired, the long-term solution to them is 
not to seek water elsewhere but to protect those waters to the point 
where they are a viable water supply.  An assessment of the cost of 
mitigating the impacts of a low-head dam on the Rocky River are not 
included in the Draft EIS, nor are any estimate of what stormwater and 
land conservation measures would be necessary to bring the Rocky into 
line with state water supply guidelines. 
 

3. Water Efficiency 
 

The Draft EIS takes 125 gallons per capita per day as its baseline 
used to project demand upon the municipal water system.  By contrast, 
the United States Geological Survey estimates per capita per day usage 
at 80-100 a day for the average American.  The Draft itself averaged 
acknowledges that historical data shows per capita usage in 
Union County, “between 110 to 120 gpcd, with slightly lower 
values in the most recent years due to ongoing mandatory water 
restrictions, increased conservation efforts, and more favorable 
climate conditions (more annual rainfall and slightly lower annual 
temperature averages).” Draft EIS, P.15   We would urge that 
those hard-won lower averages be taken as the new norm and 
that used to estimate, in conjunction with slowing growth, a 
variety of projected water demand levels by which the project 
alternatives can then be meaningfully evaluated. 

 

Conclusion 

 The alternatives proposed do not explore the full extent of 
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options available.  Instead of choosing the local, low-cost option 
of drawing water from the Rocky River in conjunction efforts to 
reduce per capita usage, the Preferred Alternative is more 
expensive, more dependent upon politics and more damaging to 
streams and land across Union County than other available 
options.   

 

Sincerely, 

 

William M. Scott 

Yadkin Riverkeeper  
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Union County Public Works | Environmental Impact Statement 
APPENDIX E – APPENDICES ON COMPACT DISC  
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E 
APPENDIX E – 
APPENDICES ON 
COMPACT DISC 
CD-1 Local Ordinances and Drought Management 
Information  
CD-2 Yadkin-Pee Dee River Basin Modeling 
Results  
CD-3 Catawba River Basin Modeling Results  
CD-4 Yadkin River Basin Model Reference Files 
CD-5 Yadkin- Duke Energy Progress Shoreline 
Management Plan 
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CD-1 
APPENDIX CD – 1 

Local Ordinances & 

Drought Management 

Information  
1.1 – Study Area Zoning Maps 

1.2 – Union County Unified Development Ordinance 

1.3 – Union County Water Conservation Ordinance  

(Superseded by Water Use Ordinance) 

1.4 – Union County Water Use Ordinance 

1.5 – Union County Water Shortage Response Plan 

1.6 - Low Inflow Protocol for the Catawba River Basin 

1.7 - Low Inflow Protocol for the Yadkin & Yadkin-Pee 

Dee River Hydroelectric Projects 

 

 
 

  

 



  

  

CD-1.1 
APPENDIX CD – 1.1 

Study Area Zoning Maps 
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 Official Name (Title) 
The official name of this document is the “Unified Development Ordinance of Union County, North Carolina.” 

For convenience, it is referred to throughout this document as the “ordinance” or “UDO.”  

 Authority 
This ordinance is adopted pursuant to the powers granted by the North Carolina General Statutes (NCGS), 

specifically including Chapter 153A, Article 18; Chapter 143, Article 21; Chapter 113A, Article 4 and 1987 Ses-

sion Laws, Chapter 604.  

 Effective Date 
The provisions of this ordinance become effective on October 6, 2014, except as otherwise expressly stated. 

 Applicability and Jurisdiction 
The provisions of this ordinance apply within all of Union County outside the corporate or extraterritorial ju-

risdiction of any municipality. The ordinance also applies within the jurisdiction of any municipality whose 

governing body has adopted a resolution authorizing such applicability.  

 Bona Fide Farm Zoning Exemption 

 As provided by NCGS 153A-340, the zoning regulations of this ordinance in no way regulate, 

restrict, prohibit or otherwise deter or affect property used for bona fide farm purposes, ex-

cept that: 

1. Farm property used for non-farm purposes must comply with applicable zoning regula-

tion; and  

2. Bona fide farms and other farm properties must comply with any flood protection regu-

lations required to be imposed by the National Flood Insurance Program. 

 For purposes of determining whether a property is being used for bona fide farm purposes, 

any one of the following constitutes sufficient evidence that the property is being used for 

bona fide farm purposes:  
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1. A farm sales tax exemption certificate issued by the Department of Revenue; 

2. A copy of the property tax listing showing that the property is eligible for participation 

in the present-use value program, pursuant to NCGS 105-277.3; 

3. A copy of the farm owner’s or operator’s most recent Schedule F federal income tax re-

turn; 

4. A forest management plan; or 

5. A farm identification number issued by the United States Department of Agriculture.  

 Purposes 
This ordinance is adopted for the purposes of: 

 Protecting the public health, safety and general welfare; and 

 Implementing the policies and goals of the comprehensive plan and other officially adopted 

plans of the county. 

 Minimum Requirements 

 The provisions of this ordinance are the minimum requirements deemed necessary to carry 

out the ordinance’s stated purpose and intent.  

 In addition to the requirements of this ordinance, all uses, development and construction 

activities must comply with other applicable ordinances, laws and regulations. 

 All references in this ordinance to other governmental regulations are for informational pur-

poses only and do not necessarily constitute a complete list of such regulations. These ref-

erences do not imply any responsibility for the county to enforce regulations imposed by 

other government authorities. 

 Compliance Required 

 No person may use, occupy, or sell any land or buildings or authorize or permit the use, oc-

cupancy, or sale of land or buildings under their control except in accordance with all appli-

cable provisions of this ordinance.  

 For purposes of this section, the "use" or "occupancy" of a building or land relates to any-

thing and everything that is done to, on or in that building or land.  

 Conflicting Provisions 

 Conflict with State or Federal Regulations 
If the provisions of this ordinance are inconsistent with those of the state or federal govern-

ment, the more restrictive provision governs, to the extent allowed by law. The more re-

strictive provision is the one that imposes greater requirements or more stringent controls. 

 Conflict with Other County Regulations 
If the provisions of this ordinance are inconsistent with one another or if they conflict with 

provisions found in other adopted ordinances or regulations of the county, the more restric-

tive provision governs unless otherwise expressly stated. The more restrictive provision is 

the one that imposes greater requirements or more stringent controls. 
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 Conflict with Private Agreements and Covenants 
This ordinance is not intended to interfere with, abrogate or annul any easement, covenant, 

deed restriction or other agreement between private parties. If the provisions of this ordi-

nance impose a greater restriction than imposed by an agreement or covenant among pri-

vate parties, the provisions of this ordinance govern. The county is not responsible for mon-

itoring or enforcing agreements or covenants among private parties. 

 Rules of Language and Construction 

 Meanings and Intent 
The language of this ordinance must be read literally. Regulations are no more or less strict 

than stated. Words and terms expressly defined in this ordinance (see, for example, Article 

105) have the specific meanings assigned unless the context indicates another meaning. 

Words that are not expressly defined in this ordinance have the meaning given in the latest 

edition of Merriam-Webster’s Unabridged Dictionary.  

 Public Officials and Agencies 
All employees, public officials, bodies and agencies to which references are made are those 

of Union County unless otherwise expressly stated. 

 Delegation of Authority 
Whenever a provision appears requiring the head of a department or another officer or em-

ployee of the county to perform an act or duty, that provision will be construed as authoriz-

ing the department head or officer to delegate that responsibility to others over whom they 

have authority. Delegation of authority is not allowed when the provisions of this ordinance 

expressly prohibit such a delegation. 

 Computation of Time 

1. References to “days” are to calendar days unless otherwise expressly stated. Refer-

ences to “business days” are references to regular county government working days, 

excluding Saturdays, Sundays and holidays observed by county government.  

2. The time in which an act is required to be completed is computed by excluding the first 

day and including the last day. If the last day is a Saturday, Sunday or holiday observed 

by county government, that day is excluded.  

3. A day concludes at the close of business of county administrative offices and any mate-

rials received after that time will be considered to have been received the following day.  

 Tenses and Usage 

1. Words used in the singular include the plural. The reverse is also true.  

2. Words used in the present tense include the future tense. The reverse is also true.  

3. The words “must,” “will,” “shall” and “may not” are mandatory.  

4. The word “may” is permissive, and “should” is advisory, not mandatory or required. 

5. When used with numbers, “up to x,” “not more than x” and “a maximum of x” all include 

“x.” 

6. The word "person" includes a firm, association, organization, partnership, trust com-

pany or corporation, as well as an individual. 
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7. The words “used" and "occupied" include "intended, designed or arranged to be used or 

occupied." 

8. The term "lot" includes "tract." 

 Conjunctions 
Unless the context otherwise expressly indicates, conjunctions have the following mean-

ings:  

1. “and” indicates that all connected items or provisions apply; and  

2. “or” indicates that the connected items or provisions may apply singularly or in combi-

nation.  

 Headings and Illustrations 
Headings and illustrations within this ordinance are provided for convenience and reference 

only and do not define or limit the scope of any provision of this ordinance. In case of any 

difference of meaning or implication between the text of this ordinance and any heading, 

drawing, table, figure or illustration with the ordinance, the text governs. 

 Current Versions and Citations 

1. All references in this ordinance to other county, state or federal regulations refer to the 

most current version and citation for those regulations, unless otherwise expressly indi-

cated. When the referenced regulations have been repealed and not replaced by other 

regulations, ordinance requirements for compliance are no longer in effect. 

2. Whenever any provision of this ordinance refers to or cites a section of the North Caro-

lina General Statutes and that section is later amended or superseded, the reference is 

deemed amended to refer to the amended section or the section that most nearly cor-

responds to the superseded section. 

 Lists and Examples 
Unless otherwise expressly stated, lists of items or examples that use the terms “including,” 

“such as,” or similar terms or phrases are intended to provide examples only. They are not 

to be construed as exhaustive lists of all possibilities. 

 Zoning Map 

 Establishment 
The location and boundaries of the zoning districts established by this ordinance are shown 

on a geographic coverage layer that is maintained as part of a geographic information sys-

tem (GIS) under the direction of the GIS department. This geographic coverage layer consti-

tutes the county’s official zoning map. The official zoning map—together with all notations, 

references, data and other information shown on the map— is adopted and incorporated 

into this ordinance. It is as much a part of this ordinance as it would be if it were actually de-

picted within its pages. 

 Maintenance and Updates 
The administrator is responsible for directing revisions to the official zoning map to reflect 

its amendment as soon as possible after the effective date of zoning map amendments (re-

zonings). No unauthorized person may alter or modify the official zoning map. 
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 Map Interpretations  
Where any uncertainty exists about a zoning district boundary, the administrator is author-

ized to make an administrative interpretation or refer the matter to the board of adjust-

ment for a determination. In either case, map interpretations must be based on the best, 

most reliable information available to the authorized decision-maker. 

 Split-zoned Lots 

1. The zoning map may not be amended to classify a single lot into 2 or more base zoning 

districts. 

2. The split zoning of any newly created lot (into more than one base zoning district classi-

fication) is prohibited. 

3. When an existing lot is classified in 2 or more base zoning classifications, the following 

rules apply, at the owner’s option: 

a. Each of the separate zoned areas on the lot may be treated as a separate zoning lot 

and developed in accordance with the zoning district regulations that apply to each 

respective area; or 

b. The entire area of the lot may be deemed to be classified in a single zoning district, 

using the regulations applicable to the zoning district that applies to the larger por-

tion of the lot. 

4. Building setbacks do not apply along base zoning district boundary lines that split an 

existing lot under single ownership. 

 Transitional Provisions 
The provisions of this section address the transition from the previous ordinance (the one in effect before the 

effective date specified in Section 1.030Section 1.020) to this ordinance. 

 Applications, Permits and Approvals 

1. Any building, development or structure for which a building permit was issued or a 

complete permit application had been accepted for processing before the effective 

date specified in Section 1.030 may be completed in conformance with the issued build-

ing permit and other applicable permits and conditions, even if such building, develop-

ment or structure does not comply with provisions of this ordinance. If the building is 

not commenced and completed within the time allowed under the original building per-

mit, the building, development or structure may be constructed, completed and occu-

pied only if it complies with the regulations of this ordinance. 

2. Applications for special uses, conditional uses, temporary uses, variances, preliminary 

subdivision plans, final subdivision plats, site plans or other zoning or development ap-

provals that were submitted in complete form and are pending approval on the effec-

tive date specified in Section 1.030 must be reviewed wholly under the terms of the 

land use ordinance in effect immediately before the effective date specified in Section 

1.030. Building permits for construction and development approved under such approv-

als may be issued in accordance with §1.120-A3. 

3. Building permits may be issued for construction or development approved under 

§1.120-A2, even if such building, development or structure does not fully comply with 
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provisions of this ordinance. If building is not commenced and completed within the 

time allowed under the building permit, then the building, development or structure 

may be constructed, completed and occupied only if it complies with the regulations of 

this ordinance. 

4. When a use classified as a special use under this ordinance exists as an approved condi-

tional use, special use or permitted use on the effective date specified in Section 1.030, 

that use will be considered a lawfully established special use under this ordinance. 

When any amendment to this ordinance changes the classification of a permitted use 

to a special use, any use lawfully established before such amendment will be considered 

a lawfully established special use after the effective date of the amendment. A lawfully 

established existing use that is not allowed as a special use, conditional use or permit-

ted use in the district in which the use is now located will be considered a nonconform-

ing use and will be subject to all applicable regulations of Article 90. 

 Violations Continue 

1. Any violation of the previous land use ordinance will continue to be a violation under 

this ordinance and be subject to penalties and enforcement under Article 95. 

2. If the use, development, construction or other activity that was a violation under the 

previous land use ordinance complies with the express terms of this ordinance, enforce-

ment action will cease, except to the extent of collecting penalties for violations that 

occurred before the effective date specified in Section 1.030Section 1.020.  

3. The adoption of this ordinance does not affect any pending or future prosecution of, or 

action to abate, violations of the previous land use ordinance that occurred before the 

effective date specified in Section 1.030Section 1.020.  

 Severability 
If any portion of this ordinance is held to be invalid or unconstitutional by a court of competent jurisdiction, 

that portion is to be deemed severed from the ordinance and in no way affects or diminishes the validity of 

the remainder of the ordinance. 
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 General 

 Districts 
The county’s residential zoning districts are listed in Table 5-1. When this ordinance refers 

to “residential” zoning districts or “R” districts, it is referring to these districts.  

Table 5-1: Residential Zoning Districts 
Map Symbol District Name 

RA-200 Residential-Agriculture-200 

RA-40 Residential-Agriculture-40 
RA-20 Residential-Agriculture-20 
R-40 Residential-40 
R-20 Residential-20 
R-15 Residential-15 

R-10 Residential-10 
R-8 Residential-8 
R-6 Residential-6 
R-4 Residential-4 

 Purposes 
Union County’s residential zoning districts are primarily intended to create, maintain and 

promote a variety of housing opportunities for individual households and to maintain and 

promote the desired physical character of existing and developing areas of the county. 

While the districts primarily accommodate residential uses, some nonresidential uses are 

also allowed.  

  

1. RA-200 
The RA-200 district is primarily intended to accommodate agriculture and agriculture-

related uses and very low-density residential development in rural areas of the county. 

The district is generally intended to apply in areas where central water and/or central 

sewer service is not widely available. 

2. RA-40 
The RA-40 district is primarily intended to accommodate agriculture, agriculture-re-

lated uses, compatible agribusiness and rural business uses and low-density residential 

development (including most classes of manufactured housing units). The district is 

generally intended to apply in areas where central water and/or central sewer service is 

not widely available.  

3. RA-20 
The RA-20 district is primarily intended to accommodate single-family residential de-

velopment, including most classes of manufactured housing units, at low to moderate 
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densities. The RA-20 district is generally intended to apply in in areas characterized by a 

prevalence of manufactured housing.  

4. R-40, R-20 and R-15 
The R-40, R-20 and R-15 districts are primarily intended to accommodate low- to mod-

erate-density single-family residential development. The R-40 district is generally in-

tended to apply in areas where central water and/or central sewer service is not widely 

available. The R-20 and R-15 districts are generally intended to apply in areas served by 

central water and central sewer facilities.  

5. R-10, R-8, R-6 and R-4 
The R-8, R-6 and R-4 districts are primarily intended to accommodate single-family, 

two-family and multi-family development at densities higher than allowed in other resi-

dential districts. These districts are intended for application in areas where central wa-

ter and central sewer are available.  

 Allowed Uses 
Principal uses are allowed in R districts in accordance with Section 25.010 (Table 25-1). 

 Lot and Building Regulations 

 General 
This section establishes lot and building regulations for all development in R districts. The 

standards vary based on zoning classification and sometimes by building and development 

type. These regulations are not to be interpreted as a guarantee that allowed densities and 

development yields can be achieved on every tract. Other factors, such as central water and 

central sewer service availability, health department requirements, other requirements of 

this ordinance or other factors may sometimes work to further limit development potential. 

 Conventional Development 
“Conventional development” is any development that is not part of an approved cluster de-

velopment. The lot and building regulations of Table 5-2 apply to all conventional develop-

ment in R districts.  

Table 5-2: R District Lot and Building Regulations--Conventional Development 
Figure 5-1 Regulations RA-200 R-40 

RA-40 
R-20 

RA-20 
R-15 R-10 R-8 R-6 R-4 

 Minimum Lot Size         

L1 Area (square feet) 200,000 40,000 20,000 15,000 10,000 8,000 6,000 4,000 

 Area per dwelling unit (sq. ft.)         

 Detached House 200,000 40,000 20,000 15,000 10,000 8,000 6,000 4,000 

 Two-unit house NA 30,000 15,000 11,250 7,500 6,000 4,500 3,000 

 Townhouse NA NA NA NA 6,250 5,000 3,750 2,000 

 Multi-unit building NA NA  NA  NA  6,250 5,000 3,750[1] 2,000 

L2 Width (feet) 300 120 100 80 70 60 50 35 

 Minimum Setbacks (feet)         

S1 Street 40 40 40 30 30 30 25 20 

S2 Side [2] 15 15 12 10 10 10 8 5 

S3 Rear 40 40 40 30 30 30 25 25 

 Max. Building Height (feet) 35 35 35 35 35 50 50 50 

[1] Minimum lot area per unit within the corporate limits of a municipality = 3,350 square feet 

[2] For townhouses, side setbacks apply to end units only. 
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Figure 5-1: Residential Lot and Building Regulations (Conventional Development) 

 

 Cluster Development 
“Cluster development” refers to a subdivision of detached houses that allows for smaller lot 

sizes than conventional developments but that results in greater preservation of common 

open space and no overall increase in residential density. Cluster development regulations 

require that a specified portion of each subdivision be set aside and permanently preserved 

as open space. Cluster development designs allow more compact and less costly networks 

of streets and utilities. They can also help reduce stormwater runoff and non-point source 

pollutant loading rates and can be used to help preserve an area’s semi-rural character. 

Cluster developments are intended to reduce stormwater runoff and flooding, preserve nat-

ural resources, protect water quality and encourage the provision of needed open space and 

recreational amenities for residents.  

1. Applicability 
The cluster development option established in this subsection is available for new sub-

divisions in RA-200, RA-40, RA-20, R-40, R-20 and R-15 districts.  

2. Lot and Building Regulations 
The lot and building regulations of Table 5-3 apply to all cluster developments in R dis-

tricts. Cluster developments are also subject to the supplemental regulations of this 

section (5.030-C). 

Table 5-3: R District Lot and Building Regulations—Cluster Development 
Regulations RA-200 R-40 

RA-40 
R-20 

RA-20 
R-15 

Overall Site     

Minimum contiguous area (acres, gross) 100 25 25 25 

Minimum open space (% site) See §5.030-C4 

Minimum Lot Size      

Minimum Lot Area (sq. ft.) 87,120 20,000 15,000 10,000 

Minimum Setbacks (feet)      

Street 25 25 25 25 

Side  10 7.5 5 5 
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Regulations RA-200 R-40 
RA-40 

R-20 
RA-20 

R-15 

Rear 25 25 25 25 

Max. Building Height (feet) 35 35 35 35 

Figure 5-2: Residential Lot and Building Regulations (Cluster Development) 

 

3. Site Area and Density 

a. Lots split by state roads are considered separate lots and may not be combined to 

meet applicable minimum site area requirements.  

b. Density is not transferable across state roads. As required with conventional (non-

cluster) subdivisions, existing and proposed street rights-of-way may not be 

counted as lot area for the purposes of calculating maximum site density. 

4. Open Space 

a. Each cluster development must include permanently protected common open 

space equal to at least 10% of the gross area of the subdivision or the difference 

between the cumulative total lot area that would have been required under the 

conventional development minimum lot area requirements of §5.030-B and the ac-

tual cumulative total area provided within the cluster development, whichever re-

sults in a greater amount of open space.  

b. Required open space must be directly accessible to residents of the development.  

c. Street rights-of-way and waste water disposal fields may not be counted toward 

satisfying minimum common open space requirements, and no more than 50% of 

the required minimum open space area may consist of FEMA-regulated floodplain 

area. 
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d. At least 50% of the common open space required to be set aside must be usable 

open space, meaning an area that is capable of being used and enjoyed for passive 

recreation and that: 

(1) Is left in its natural or undisturbed state (as of the date development began), if 

wooded, expect for the cutting of trails for walking or jogging (see below), if 

not wooded at the time of development is property vegetated and landscaped 

with the objective of creating a wooded area or other are that is consistent with 

the objective of providing passive recreational opportunities: or 

(2) Consists of a pond, lake or other natural or human-made body of water. 

e. Common open space must be protected in perpetuity by a binding legal instrument 

that is recorded with the deed. The legal instrument must be one of the following: 

(1) A permanent conservation easement in favor of either: 

(a) A land trust or similar conservation-oriented non-profit organization with 

legal authority to accept such easements. The organization must be bona 

fide and in perpetual existence and the conveyance instruments must con-

tain an appropriate provision for transfer in the event the organization be-

comes unable to carry out its functions;  

(b) A governmental entity (if the entity accepting the easement is not the 

county, then a third right of enforcement favoring the county must be in-

cluded in the easement); 

(2) An open space tract protected by a permanent restrictive covenant for conser-

vation purposes in favor of a governmental entity; or 

(3) An equivalent legal tool that provides permanent protection, as approved by 

the county attorney. 

f. The applicant must identify the owner of the open space. The designated owner 

and the owner’s successors are responsible for maintaining the open space and any 

associated facilities. If a property owners association is the owner, membership in 

the association is mandatory and automatic for all property owners within the de-

velopment and their successors.  

g. The applicant must submit a management plan for the open space and all common 

areas. The management plan must: 

(1) Allocate responsibility and guidelines for the maintenance and operation of the 

open space and any associated facilities, including provisions for ongoing 

maintenance and for long-term capital improvements; 

(2) Estimate the costs and staffing requirements needed for maintenance, opera-

tion and insurance and outline the means by which necessary funding will be 

obtained or provided; and 

(3) Describe means of enforcing the management plan. 
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5. Subdivision Design Improvements 
Unless otherwise expressly stated, cluster developments are subject to the same infra-

structure and public improvement requirements (e.g., streets, trails, street trees, street 

lights, etc.,) as conventional developments (subdivisions). 

6. Stormwater Management 
Post-development stormwater discharge rates at the property boundary may not ex-

ceed the pre-development rate for the 2- and 25-year storm events. This regulations 

does not apply if discharging directly into a FEMA-regulated floodplain. 

7. Central Water and Central Sewer 
Cluster developments must have water service from a central water source or sewer 

service from a central sewer service provider or both central water and sewer service. 

 Master Planned Developments 
In addition to the conventional and cluster development options established in §5.030-B 

and §5.030-C, respectively, alternative forms of residential, multi-use and mixed-use devel-

opment may be approved in accordance with the master planned development provisions 

of Section 20.020.  

 Other Relevant Regulations 
Uses and structures in residential zoning districts may be subject to other regulations and standards, including 

the following.  

 Accessory Uses and Structures 
See Article 35. 

 Temporary Uses 
See Article 40. 

 Parking 
See Article 45. 

 Signs 
See Article 55. 

 Landscaping and Screening 
See Article 50. 

 Outdoor Lighting 
See Section 55.130. 

 Nonconformities 
See Article 90. 

 



 

Effective October 6, 2014 page 10-1 Amendments through 11.03.2014 

Article 10 | Office, Commercial and Industrial Districts 

 General .............................................................................................................. 10-1 

 Allowed Uses ..................................................................................................... 10-2 

 Lot and Building Regulations .............................................................................. 10-2 

 Other Relevant Regulations ................................................................................ 10-3 

 

 General 

 Districts 

1. List 
The county’s office, commercial and industrial zoning districts are listed in Table 10-1. 

When this ordinance refers to “office,” “commercial” or “industrial” zoning districts it is 

referring to these districts.  

Table 10-1: Office, Commercial and Industrial Zoning Districts 
Map Symbol District Name Type 

O Office Office 
B-2 Community Business Commercial 
B-3 Business Transitional Commercial 
B-4 General Commercial Commercial 
HC Highway Corridor Commercial 

LI Light Industrial Industrial 
HI Heavy Industrial Industrial 

2. Purposes 

a. O, Office 
The O, Office district is primarily intended to accommodate offices, institutions and 

low-intensity commercial activities and to serve as transition zone between low- 

and high-intensity areas. 

b. B-2, Community Business 
The B-2, Community Business district is primarily intended to accommodate low-

intensity commercial uses. It is generally appropriate as a transition zone or to ac-

commodate small-scale commercial development in rural areas, particularly at 

crossroads or other high traffic areas that are not generally suited for residential 

development.  

c. B-3, Business Transitional 
The B-3, Business Transitional district is primarily intended to accommodate a mix-

ture of office, research, and services uses. The B-3 district is generally appropriate 

for application in areas that no longer are viable as low-density residential areas 

because of high vehicle traffic volumes on adjacent streets or because of other 

market factors but that remain viable as locations for offices and services. The B-3 

district may also serve as a transition or buffer zone between major arterials or 

more intensively developed commercial areas and residential districts.  
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d. B-4, General Commercial 
The B-4, General Commercial district is designed to accommodate the widest 

range of commercial activities.  

e. HC, Highway Corridor 
The HC, Highway Corridor district is primarily intended to accommodate a wide 

variety of visually attractive commercial and light industrial uses along major trans-

portation corridors.   

f. LI, Light Industrial and HI, Heavy Industrial 
The LI, Light Industrial and HI, Heavy Industrial districts are primarily intended to 

accommodate enterprises engaged in the manufacturing, processing, creating, re-

pairing, renovating, painting, cleaning, or assembling of goods, merchandise, or 

equipment. The two districts are distinguished in that certain types of industrial 

uses that tend to have significant adverse impacts on surrounding properties are 

excluded from the LI district and are allowed only in the HI district.  

 Allowed Uses 
Principal uses are allowed in office, commercial and industrial districts in accordance with Section 25.010 (Ta-

ble 25-1). 

 Lot and Building Regulations 
This section establishes lot and building regulations for all development in office, commercial and industrial 

districts. These regulations are not to be interpreted as a guarantee that allowed densities and development 

intensities can be achieved on every lot. Other factors, such as central water and central sewer service avail-

ability, health department requirements, other requirements of this ordinance or other factors may some-

times work to further limit development potential. General exceptions to lot and building regulations and 

rules for measuring compliance can be found in Article 100.  

Table 10-2: Office, Commercial and Industrial District Lot and Building Regulations 
Figure 10-1 Regulations O B-2 B-3 B-4 HC LI HI 

 Minimum Lot Size        

L1 Area (square feet) No min. No min. No min. No min. No min. No min.  No min. 

 Area per dwelling unit (sq. ft.) 2,000 1,500 1,000 1,000 1,000 NA NA 

L2 Width (feet) 80 No min. No min. No min. No min. 100 100 

 Minimum Setbacks (feet)        

S1 Street 25 25 25 40 40 50 50 

S2 Side 15 15 15 20 20 20 20 

S3 Rear 25 25 25 40 40 50 50 

 Max. Building Height (feet) 50 35 35 50 50 100 100 
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Figure 10-1: Office, Commercial and Industrial Lot and Building Regulations 

 

 Other Relevant Regulations 
Uses and development in office, commercial and industrial zoning districts may be subject to other regulations 

and standards, including the following.  

 Accessory Uses and Structures 
See Article 35. 

 Temporary Uses 
See Article 40. 

 Parking 
See Article 45. 

 Signs 
See Article 55. 

 Landscaping and Screening 
See Article 50. 

 Outdoor Lighting 
See Section 55.130. 

 Nonconformities 
See Article 90. 
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 General 

 Establishment 
Overlay zoning districts may be established, amended or removed only in accordance with 

the zoning map amendment procedures of Section 80.040. 

 Interpretation 

1. Overlay zoning district regulations apply in combination with underlying (base) zoning 

district regulations and all other applicable regulations of this ordinance to impose ad-

ditional regulations or to modify regulations of the underlying base zoning.  

2. Unless otherwise expressly stated, all applicable regulations of the underlying base zon-

ing district apply to property in an overlay zoning district.  

3. When overlay district regulations conflict with regulations that apply in the underlying, 

base zoning district, the regulations of the overlay zoning district govern.  

4. If property is classified in multiple overlay zoning districts and the regulations of one 

overlay district conflict with the regulations of another overlay zoning district, the more 

restrictive regulations (the ones that impose the more stringent requirements) govern. 

 /AO, Airport Overlay 

 Purpose 
The /AO, Airport Overlay district is intended to protect the airport and its surrounding area 

from the encroachment of incompatible land uses that may present hazards to users of the 

airport as well as persons living or working in the airport vicinity. The overlay district regula-

tions are further intended to: 

1. Prevent and control influences that are adverse to the airport property and to the safe 

conduct of aircraft in the vicinity of the Monroe Regional Airport; 

2. Prevent creation of conditions hazardous to aircraft operation; 

3. Prevent conflict with land development that may result in loss of life and property; and  

4. Encourage development that is compatible with airport use characteristics within the 

intent and purpose of zoning. 

 Definitions  
The definitions of this section apply only to the administration and enforcement of the /AO 

district regulations.  
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1. Airport 
Monroe Regional Airport 

2. Airport Elevation 
The highest point of the airport’s useable landing area measured in feet above mean 

sea level (679.0 feet). 

3. Approach Surface 
A surface longitudinally centered on the extended runway centerline, extending out-

ward and upward from the end of the primary surface and at the same slope as the ap-

proach zone height limitation slope set forth in §15.020-D. 

4. Approach, Transitional, Horizontal, and Conical Zones 
These zones are set forth in §15.020-C. 

5. Conical Surface 
A surface extending outward and upward from the periphery of the horizontal surface 

at a slope of 20 to 1 for a horizontal distance of 4,000 feet. 

6. Hazard to Navigation 
An obstruction determined to have a substantial adverse effect on the safety and effi-

cient utilization of the navigable airspace. 

7. Height 
For the purpose of measuring compliance with the height limits in all /AO district air-

port zones, the datum is mean the sea level elevation (679.0 feet). 

8. Horizontal Surface 
A horizontal plane 150 feet above the established airport elevation, the perimeter of 

which in plan view coincides with the perimeter of the horizontal zone. 

9. Larger than Utility Runway 
A runway that is constructed for and intended to be used by jet powered aircraft and 

propeller driven aircraft of greater than 12,500 pounds maximum gross weight. 

10. Nonprecision Instrument Runway 
A runway having an existing instrument approach procedure utilizing air navigation fa-

cilities with only horizontal guidance, or area type navigation equipment, for which a 

straight-in nonprecision instrument approach procedure has been approved or planned. 

11. Obstruction 
Any structure, growth, or other object, including a mobile object that exceeds the 

height limits established in §15.020-D. 

12. Precision Instrument Runway 
A runway having an existing instrument approach procedure utilizing an instrument 

landing system or a precision approach radar. It also means a runway for which a preci-

sion approach system is planned and is so indicated on an approved airport layout plan 

or any other planning document. 

13. Primary Surface 
A surface longitudinally centered on a runway. When the runway has a specially pre-

pared hard surface, the primary surface extends 200 feet beyond each end of that run-

way; for military runways or when the runway has no specially prepared hard surface, or 
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planned hard surface, the primary surface ends at each end of that runway. The width 

of the primary surface is set forth §15.020-C... The elevation of any point on the primary 

surface is the same as the elevation of the nearest point on the runway centerline. 

14. Runway 
A defined area on an airport prepared for landing and takeoff of aircraft along its 

length. 

15. Structure 
An object, including a mobile object, constructed or installed by man, including by with-

out limitation, buildings, towers, cranes, smokestacks, earth formations, and overhead 

transmission lines. 

16. Transitional Surfaces 
These surfaces extend outward at 90 degree angles from the runway centerline and the 

runway centerline extended at a slope of 7 feet horizontally for each foot vertically from 

the aides of the primary and approach surfaces to where they intersect the horizontal 

and conical surfaces. Transitional surfaces for those portions of the precision approach 

surfaces that project through and beyond the limits of the conical surface, extend a dis-

tance of 5,000 feet measured from the edge of the approach surface and at 90 degree 

angles to the extended runway centerline. 

17. Tree 
Any object of natural growth. 

18. Utility Runway 
A runway that is constructed for and intended to be used by propeller driven aircraft of 

no more than 12,500 pounds maximum gross weight. 

19. Visual Runway 
A runway intended solely for the operation of aircraft using visual approach procedures. 

 Airport Zones Established and Defined 
The following zones are shown on the City of Monroe zoning map. An area located in more 

than one of the following zones is considered to be solely in the zone with the more restric-

tive height limitation. The zones are established and regulated as follows: 

1. Precision Instrument Runway Approach Zone (/AO-A) 
The inner edge of the precision instrument runway approach zone coincides with the 

width of the primary surface and is 1,000 feet in width. The precision instrument run-

way approach zone expands outward uniformly to a width of 16,000 feet at a horizontal 

distance of 50,000 feet from the primary surface. Its centerline is the continuation of 

the centerline of the runway. 

2. Nonprecision Instrument Runway Approach Zone (/AO-AN) 
The inner edge of nonprecision instrument runway approach zone coincides with the 

width of the primary surface and is 500 feet in width. The nonprecision instrument run-

way approach zone expands outward uniformly to a width of 3,500 feet at a horizontal 

distance of 10,000 feet from the primary surface. Its centerline is the continuation of 

the centerline of the runway.  

3. Transitional Zones (/AO-T) 
The transitional zones are the areas beneath the transitional surfaces. 
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4. Horizontal Zone (/AO-H) 
The horizontal zone is established by swinging arcs of 10,000 feet radii from the center 

of each end of the primary surface of each runway and connecting the adjacent arcs by 

drawing lines tangent to those arcs. The horizontal zone does not include the approach 

and transitional zones. 

5. Conical Zone (/AO-C) 
The conical zone is established as the area that commences at the periphery of the hori-

zontal zone and extends outward from the periphery for a horizontal distance of 4,000 

feet. 

 Airport Zone Height Limitations 
The maximum height limitations established in this section apply to all structures and trees, 

provided that any tree is allowed to be up to 100 feet in height, as measured from the high-

est surface of the land below the tree’s drip line. 

1. Precision Instrument Runway Approach Zone (/AO-AP) 
The maximum height plane slopes 50 feet horizontally for each foot vertically, begin-

ning at the end of and at the same elevation as the primary surface and extending to a 

horizontal distance of 10,000 feet along the extended runway centerline. After that 

point, the maximum height plane slopes upward 4o feet horizontally for each foot verti-

cally, to an additional horizontal distance of 40,000 feet along the extended runway 

centerline. 

2. Nonprecision Instrument Runway Approach Zone (/AO-AN) 
The maximum height plane slopes 34 feet horizontally for each foot vertically begin-

ning at the end of the horizontal distance of 10,000 feet along the extended runway 

centerline.  

3. Transitional Zones (/AO-T) 
The maximum height plane slopes 7 feet horizontally outward for each foot vertically 

beginning at the sides of and at the same elevation as the primary surface, and extend-

ing to a height of 150 feet above the airport elevation (or 829 feet above mean sea 

level). In addition, there are established height limits sloping 7 feet horizontally for each 

foot vertically beginning at the sides of and the same elevation as the approach surface, 

and extending to where they intersect the conical surface. Where the precision instru-

ment runway approach zone projects beyond the conical zone, there are established 

height limits sloping 7 feet horizontally for each foot vertically beginning at the side of 

and the same elevation as the approach surface, and extending a horizontal distance of 

5,000 feet measured at 90 degree angles to the extended runway centerline. 

4. Horizontal Zone (/AO-H) 
The maximum height limit is established at 150 feet above the airport elevation or at a 

height of 829 feet above mean sea level. 

5. Conical Zone (/AO-C) 
The maximum height plane slopes 20 feet horizontally for each foot vertically begin-

ning at the periphery of the horizontal zone and at 150 feet above the airport elevation 

and extending to a height of 350 feet above the airport elevation or at a height of 1,029 

feet above mean sea level. 
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 Use Restrictions 
Notwithstanding any other provisions of this ordinance, no use may be made of land or wa-

ter within any airport zones within the /AO district in such a manner as to create electrical 

interference with navigational signals or radio communication between the airport and air-

craft, make it difficult for pilots to distinguish between airport lights and others, result in 

glare in the eyes of pilots using the airport, impair visibility in the vicinity of the airport, cre-

ate bird strike hazards, or otherwise in any way endanger or interfere with the landing, 

takeoff, or maneuvering of aircraft intending to use the airport. 

 Nonconforming Uses 

1. The /AO overlay district regulations do not require the removal, lowering, or other 

change or alteration of any structure or tree that was lawfully established before Octo-

ber 20, 2003.  

2. Whenever the administrator determines that a nonconforming tree or structure has 

been abandoned or more than 60% torn down, physically deteriorated or decayed, no 

permit may be granted that would allow such structure or tree to exceed the applicable 

height limit or otherwise violate the /AO district regulations of this section. 

3. Notwithstanding the provisions of § 15.020-F1 , the owner of any nonconforming struc-

ture or tree may be required to permit the installation, operation and maintenance of 

markers and lights as deemed necessary by the Monroe Regional Airport Authority to 

indicate to the operators of aircraft in the vicinity of the airport the presence of such 

airport obstruction. Such markers and lights must be installed, operated and main-

tained at the expense of the Monroe Regional Airport Authority. 

 Permits 

1. Future Uses 
Except as expressly stated, no material change may be made in the use of land, no 

structure may be erected or otherwise established, and no tree may be planted in any 

/AO district airport zone unless a permit has been applied for and approved by the ad-

ministrator. Each application for a permit must indicate the purpose for which the per-

mit is desired, with sufficient information to allow a determination of whether the re-

sulting use, structure or tree would conform to the /AO district regulations of this sec-

tion. If such determination is in the affirmative, the permit must be granted. No permit 

for a use inconsistent with the /AO district regulations may be granted unless a variance 

has been approved. 

2. Exemptions 

a. In the area lying within the limits of the horizontal zone and conical zone, no permit 

is required for any tree or structure less than 100 feet in height above the ground 

except when, because of terrain, land contour, or topographic features, such tree or 

structure would extend above the height limits prescribed for such zones. 

b. In areas lying within the limits of the approach zones, but at a horizontal distance of 

not less than 4,200 feet from each end of the runway, no permit is required for any 

tree or structure less than 100 feet in height above the ground, except when such 

tree or structure would extend above the height limits prescribed for such approach 

zones. 
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c. In areas lying within the limits of the transition zones beyond the perimeter of the 

horizontal zone, no permit is required for any tree or structure less than 100 feet in 

height above the ground, except when, such tree or structure, because of terrain, 

land contour, or topographic features, would extend above the height limits pre-

scribed for such transition zones. 

d. Nothing contained in any of the foregoing permit exemptions is intended to permit 

any construction or alteration of any structure in excess of any of the height limits 

established by this ordinance. 

3. Existing Uses 
No permit may be granted that would allow the establishment or creation of an ob-

struction or permit a nonconforming use, structure, or tree to become greater hazard to 

air navigation than it was on October 20, 2003 or that it is when the application for a 

permit is made.  

 Variances 

1. In order to approve a variance from the regulations of this section, the board of adjust-

ment must find that a literal application or enforcement of the regulations will result in 

unnecessary hardship and relief, if granted, will not be contrary to the public interest, 

will not create hazard to air navigation, will do substantial justice and will be in accord-

ance with the spirit of this ordinance. 

2. The application for a variance must accompanied by a determination from the Federal 

Aviation Administration as to the effect of the proposal on the operation of air naviga-

tion facilities and the safe, efficient use of navigable airspace.  

3. Additionally, no application for a variance may be considered by the board of adjust-

ment unless a copy of the application has been furnished to the director of the Monroe 

Regional Airport for advice as to the aeronautical effects of the requested variance. If 

the airport director does not respond within 30 days after receipt, the board of adjust-

ment may act on its own to grant or deny the variance application. 

4. Any permit or variance granted may, if such action is deemed advisable to effectuate 

the purpose of this ordinance and be reasonable in circumstances, be so conditioned as 

to require the owner of the structure or tree in question to install, operate, and main-

tain, at the owner’s expense, such markings and lights as may be necessary. Such mark-

ings and lights will be at the expense of the Monroe Regional Airport Authority.  

 Water Supply Watershed Overlays 

 General 

1. Establishment of Watershed Overlay Districts 
The following water supply watershed overlay districts have been established:  

a. /T-CA, Lake Twitty Critical Area 

b. /T-BW, Lake Twitty Balance of Watershed 

c. /L-CA, Lake Lee Critical Area 

d. /L-PA, Lake Lee Protected Area 
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2. Effective Date 
The water supply watershed overlay district regulations of this section were adopted on 

December 6, 1993 and became effective on December 31, 1993.  

3. Jurisdiction and Applicability 
The water supply watershed overlay district regulations of this section apply within ar-

eas designated as water supply watershed overlay districts by the North Carolina Envi-

ronmental Management Commission, as further identified on the zoning map.  

4. Exemptions 

a. Existing development is not subject to the water supply watershed overlay district 

regulations of this section. For the purposes of this exemption provision, “existing 

development” means development in existence on or before December 31, 1993 or 

on or before December 31, 1993 for which construction had begun on or before De-

cember 31, 1993 and projects that have established a vested right under North Car-

olina law as of December 31, 1993 based on at least one of the following criteria:  

(1) having expended substantial resources (time, labor, money) based on a good 

faith reliance upon a valid approval to proceed with the project;  

(2) having an outstanding valid building permit; or  

(3) having expended substantial resources (time, labor, money) and having an ap-

proved plan that qualifies as a site-specific development plan under NCGS 

153A-344.1(b)(5) and is designated as such in accordance with the requirements 

of this ordinance. 

b. Expansions to structures classified as existing development must comply with the 

water supply watershed overlay district regulations of this section, but the built-

upon area of the existing development is not required to be included in the density 

calculations. Any existing building or built-upon area not in conformance with the 

water supply watershed overlay district regulations of this section that has been 

damaged or removed may be repaired and/or reconstructed, but the total amount 

of space devoted to built-upon area may not be increased unless stormwater con-

trol that equals or exceeds the previous development is provided. There are no re-

strictions on single-family residential redevelopment. 

c. An existing lot owned by an individual before December 31, 1993, regardless of 

whether or not a vested right has been established, may be developed for single-

family residential purposes without being subject to the water supply watershed 

overlay district regulations of this section. However, this exemption is not applica-

ble to multiple contiguous lots under single ownership. Whenever 2 or more contig-

uous residential vacant lots of record are in single ownership at any time after De-

cember 31, 1993 and such lots individually have less area than the minimum re-

quirements for the residential purposes for the watershed area in which such lots 

are located, such lots must be combined to create one or more lots that meet the 

water supply watershed overlay district regulations of this section, or if that is im-

possible, reduce the nonconformity of the lots to the maximum extent that is possi-

ble. 
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5. Threats to Public Health 

a. No activity, situation, structure or land use is allowed within a water supply water-

shed overlay district that poses a threat to water quality and the public health, 

safety and welfare. Such conditions may arise from inadequate on-site sewage sys-

tems that utilize ground absorption; inadequate sedimentation and erosion control 

measures; the improper storage or disposal of junk, trash or other refuse within a 

buffer area; the absence or improper implementation of a spill containment plan 

for toxic and hazardous substances; the improper management of stormwater run-

off; or any other situation found to pose a threat to water quality. 

b. All uses involving the possession, storage, maintenance, or use of any quantity of 

any hazardous substance is prohibited on any lot located within the boundaries of a 

water supply watershed overlay district.  

(1) The prohibitions on hazardous substances established in §15.030-A5.b do not 

apply to the following: 

(a) Gasoline, kerosene, diesel fuel, and other petroleum products when such 

products are held solely for the purpose of on-premises sales to retail cus-

tomers; however, storage tanks for such products must be emptied no 

later than 60 days after sale of the products stored is discontinued; 

(b) Hazardous substances contained in consumer products packaged and held 

for retail sale to the general public; and 

(c) Hazardous substances contained in commercial products used for janitorial 

or maintenance purposes on the premises where stored. 

(2) The prohibitions on hazardous substances established in §15.030-A5.b do not 

apply to the possession, storage, maintenance or use of hazardous substances 

if and to the extent that the person in charge of such possession, storage, 

maintenance, or use is in possession of a currently valid "Hazardous Substances 

Authorization Certificate," issued by the administrator, covering such hazard-

ous substances.  

(a) An application for a Hazardous Substances Authorization Certificate must 

be filed on forms supplied by the county and contain the information re-

quested on such forms. All hazardous substances stored, manufactured, or 

used on the premises must be listed according to the American Chemical 

Society standard nomenclature, and all such substances must be described 

in terms of quantity, form, solubility, and the manner in which such sub-

stances are stored, used, transported, and disposed of.  

(b) A Hazardous Substances Authorization Certificate must be issued by the 

county if the applicant demonstrates to the reasonable satisfaction of the 

administrator that, considering the quantity, form and solubility of the haz-

ardous substances and the manner in which they are stored, used, trans-

ported, and disposed of, as well as other relevant factors, there is little dan-

ger of any substantially adverse impact on the watershed environment or 

the community water supply. A certificate may be issued regarding some 

but not other hazardous substances.  
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(c) A Hazardous Substances Authorization Certificate is valid for a period of 

one year from the date of issuance and must be renewed upon or before its 

expiration. 

6. Variances 
[§15.030-A6 [“variances”] added 11.03.2014] 

Applications to vary from any of the water supply watershed overlay regulations of this 

section (Section 15.030) require review and approval by the board of adjustment pursu-

ant to the procedures of Section 80.120. The following additional variance provisions 

also apply within water supply watershed overlays.  

a. A variance may be granted by the board of adjustment if the board of adjustment 

concludes as follows: 

(1) the application for a variance requests the relaxation of any management re-

quirement that takes the form of a numerical standard by a factor of less than 

10%; and  

(2) the variance, if granted, will not result in a serious threat to the water supply. 

b. If the application for variance requests relaxation of any management requirement 

that takes the form of a numerical standard by a factor of more than 10%, the 

Board of Adjustment must take one of the following actions: 

(1) Deny the variance request; or 

(2) Refer the application for a variance to the North Carolina Environmental Man-

agement Commission with a request that the Environmental Management 

Commission approve the variance. Upon referral to the Environmental Man-

agement Commission, the board of adjustment must forward a preliminary 

record of the public hearing compiled by the administrator. This preliminary 

record must include the following: 

(a) The variance application; 

(b) Evidence that proper notification of the board of adjustment public hearing 

has been made; 

(c) A summary of evidence presented, including comments submitted from 

other local governments or major water consumers within the same water-

shed jurisdiction. 

(d) Proposed findings and conclusions; and 

(e) The board of adjustment's recommendation, including all recommended 

conditions of approval, if any.  

c. If the Environmental Management Commission approves the variance, the admin-

istrator must send the decision to the applicant upon receipt of the decision from 

the Environmental Management Commission, stating that the variance was ap-

proved. The approval, with any additional conditions or safeguards, must be in-

cluded in any zoning permit issued by the administrator. 
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d. If the board of adjustment denies a variance involving property within a water sup-

ply watershed overlay, then the application is not forwarded to the Environmental 

Management Commission. The administrator must send written notice of the de-

nial to the applicant. 

e. Application for a zoning permit must be made within one year of receiving variance 

approval within a water supply watershed overlay. 

f. Prior to consideration of any application for a variance, the board of adjustment 

must notify and allow a reasonable comment period for all other local governments 

having jurisdiction within the watershed area and the entity using the water supply 

for consumption. 

7. Subdivisions 
[§15.030-A7 [“subdivisions”] added 11.03.2014] 

a. No subdivision of land that is located within a water supply watershed overlay dis-

trict may be filed or recorded by the register of deeds office until it has been ap-

proved in accordance with the provisions of this section. Likewise, the clerk of su-

perior court may not order or direct the recording of a plat if the recording of such 

plat would be in conflict with this section.  

b. All subdivisions of land must have a statement signed by the planning division di-

rector indicating whether or not subdivision lies within a designated water supply 

watershed.  This statement must take one of the following forms, as appropriate:  

The (name of subdivision) Subdivision, to the best of my knowledge, 

does not lie within a Water Supply Watershed designated by the 

North Carolina Division of Environmental Management.  

________________________________________________________ 

Date                                          Planning Division Director  

Lots (fill in appropriate lot numbers) of the (name of subdivision) Sub-

division, to the best of my knowledge, lie within the (classification of 

watershed) of (name of body of water), as designated by the North 

Carolina Division of Environmental Management.  Lots (fill in appro-

priate lot numbers) of the (name of subdivision) do not lie within a wa-

ter supply watershed.  

________________________________________________________ 

Date                                          Planning Division Director  

All lots within the (name of subdivision), to the best of my knowledge, 

lie within the (classification of watershed) of (name of body of water), 

as designated by the North Carolina Division of Environmental Man-

agement.  

________________________________________________________ 

Date                                          Planning Division Director  
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 /T-CA, Lake Twitty Watershed Areas—Critical Area 

1. Allowed Uses 
The following uses are allowed within the /T-CA water supply watershed overlay dis-

trict: 

a. Bona fide farms, except as otherwise limited by applicable state or federal agen-

cies. Agricultural activities conducted after January 1, 1993 must maintain a mini-

mum 10- foot vegetative buffer, or equivalent control as determined and enforced 

by the Soil and Water Conservation Commission, along all perennial waters indi-

cated on the most recent versions of U.S.G.S. 1:24,000 (7.5 minute) scale topo-

graphic maps or as determined by local government studies. 

Figure 15-1: Required Vegetative Buffer for Agricultural Activities (T-CA) 

 

b. Silviculture, subject to the provisions of the Forest Practices Guidelines Related to 

Water Quality (15 NCAC 1I.6101-.0209) as regulated by state and federal agencies. 

c. Residential development. 

d. Nonresidential development, expressly excluding: 1) the storage of toxic and haz-

ardous substances unless a spill containment plan is implemented, 2) landfills, and 

3) sites for land application of sludge/residuals or petroleum contaminated soils. 

(See also Union County's Land Forming Ordinance.) New industrial development is 

required to incorporate adequately designed, constructed and maintained spill con-

tainment structures if hazardous substances are either used, stored or manufac-

tured on the premises. 

2. Density and Built-upon Limits 
The following density and built-upon limits apply within the /T-CA water supply water-

shed overlay district: 
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a. Single-family residential development may not exceed a density of one dwelling 

unit per 40,000 square feet, on a project-by-project basis. No residential lot may be 

less than 40,000 square feet in area, except within an approved cluster develop-

ment. [Note: Single Family Residential development may satisfy either the density 

limit of this paragraph or the 12% built-upon limit established in the following para-

graph, b]. 

b. All other residential and nonresidential development is subject to a maximum 12% 

built-upon area limit, on a project-by-project basis. For the purpose of calculating 

built-upon area, total project area includes the total acreage of the tract on which 

the project is to be developed.  

 /T-BW, Lake Twitty Watershed Area—Balance of Watershed 

1. Allowed Uses 
The following uses are allowed within the /T-BW water supply watershed overlay dis-

trict: 

a. Bona fide farms, except as otherwise limited by applicable state or federal agen-

cies.  

b. Silviculture, subject to the provisions of the Forest Practices Guidelines Related to 

Water Quality (15 NCAC 1I.6101-.0209) as regulated by state and federal agencies. 

c. Residential development. 

d. Nonresidential development, expressly excluding discharging landfills and the stor-

age of toxic and hazardous substances unless a spill containment plan is imple-

mented. Non-discharging landfills and sludge application sites are allowed. 

2. Density and Built-upon Limits 
The following density and built-upon limits apply within the /T-BW water supply water-

shed overlay district: 

a. Single-family residential development may not exceed a density of 2 dwelling units 

per 40,000 square feet, on a project-by-project basis. No residential lot may be less 

than 20,000 square feet in area, except within an approved cluster development. 

[Note: Single Family Residential development may satisfy either the density limit 

of this paragraph or the 24% built-upon limit established in the following para-

graph, b]. 

b. All other residential and nonresidential development is subject to a maximum 24% 

built-upon area limit, on a project-by-project basis, except that up to 10% of the 

balance of the watershed may be developed for nonresidential uses to 70% built-

upon area (on a project-by-project basis), which will be allocated on a first-come-

first-serve basis. For the purpose of calculating built-upon area, total project area 

includes the total acreage of the tract on which the project is to be developed.  

c. Projects must minimize built-upon surface area, direct stormwater away from sur-

face waters and incorporate Best Management Practices used to meet the require-

ments of 15A NCAC 02H .1017 to minimize water quality impacts. §15.030-C2.c 

amended 11.03.2014 
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 /L-CA, Lake Lee Watershed Area—Critical Area 

1. Applicability 
Only new development activities that require an erosion/sedimentation control plan 

under state law or approved local program are subject to the /L-CA regulations of this 

section.  

2. Allowed Uses 
The following uses are allowed within the /L-CA water supply watershed overlay dis-

trict: 

a. Bona fide farms, except as otherwise limited by applicable state or federal agen-

cies.  

b. Silviculture, subject to the provisions of the Forest Practices Guidelines Related to 

Water Quality (15 NCAC 1I.6101-.0209) as regulated by state and federal agencies. 

c. Residential development. 

d. Nonresidential development, expressly excluding 1) the storage of toxic and haz-

ardous substances unless a spill containment plan is implemented, 2) landfills and 

3) sites for land application of sludge/residuals or petroleum contaminated soils. 

New sludge application sites and landfills are expressly prohibited. (See also Union 

County Land Forming Ordinance.)  

3. Density and Built-upon Limits 
The following density and built-upon limits apply within the /L-CA water supply water-

shed overlay district: 

a. Single-family residential development may not exceed a density of 2 dwelling units 

per 40,000 square feet, on a project-by-project basis. No residential lot may be less 

than 20,000 square feet in area, except within an approved cluster development. 

[Note: Single Family Residential development may satisfy either the density limit 

of this paragraph or the 24% built-upon limit established in the following paragraph 

b]. 

b. All other residential and nonresidential development is subject to a maximum 24% 

built-upon area limit, on a project-by-project basis. For the purpose of calculating 

built-upon area, total project area includes the total acreage of the tract on which 

the project is to be developed.  

 /L-PA, Lake Lee Watershed Area—Protected Area  

1. Only new development activities that require an erosion/sedimentation control plan 

under state law or approved local program are subject to the /L-PA regulations of this 

section.  

2. Uses Allowed 
The following uses are allowed within the /L-PA water supply watershed overlay dis-

trict: 

a. Bona fide farms, except as otherwise limited by applicable state or federal agen-

cies.  
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b. Silviculture, subject to the provisions of the Forest Practices Guidelines Related to 

Water Quality (15 NCAC 1I.6101-.0209) as regulated by state and federal agencies. 

c. Residential development. 

d. Nonresidential development, expressly excluding the storage of toxic and hazard-

ous substances unless a spill containment plan is implemented.  

3. Density and Built-upon Limits 
The following density and built-upon limits apply within the /L-PA water supply water-

shed overlay district: 

a. Single-family residential development may not exceed a density of 2 dwelling units 

per 40,000 square feet, on a project-by-project basis. No residential lot may be less 

than 20,000 square feet in area or one-third (1/3) acre for projects without curb and 

gutter system, except within an approved cluster development. [Note: Single Fam-

ily Residential development may satisfy either the density limit of this paragraph or 

the 24% built-upon limit established in the following paragraph, b]. 

b. All other residential and nonresidential development is subject to a maximum 24% 

built-upon area limit, on a project-by-project basis. For projects without a curb and 

gutter street system, development may not exceed 36% built-upon area, on a pro-

ject-by-project basis. For the purpose of calculating built-upon area, total project 

area includes the total acreage of the tract on which the project is to be developed.  

 Cluster Development  
Cluster development is allowed in all water supply watershed overlay districts subject to 

§5.030-C and the following regulations:  

1. Built-upon area or stormwater control requirements of the project may not exceed the 

maximums established by the water supply watershed overlay district regulations of 

this section. 

2. All built-upon areas must be designed and located to minimize stormwater runoff im-

pact to the receiving waters and minimize concentrated stormwater flow by incorporat-

ing Best Management Practices used to meet the requirements of 15A NCAC 02H .1017. 
[§15.030-F2 amended 11.03.2014] 

3. The remainder of the tract must remain in a vegetated or natural state. If the develop-

ment has an incorporated property owners' association, the title of the open space area 

must be conveyed to the association for management. Where a property owners' asso-

ciation is not incorporated, a maintenance agreement must be filed with the property 

deeds.  

 Riparian Buffers 

1. Within water supply watershed overlay districts, vegetative buffers with a minimum 

width of 30 feet must be preserved along all perennial waters indicated on the most re-

cent versions of U.S.G.S. 1:24,000 (7.5 minute) scale topographic maps as determined 

by local government studies. Stream bank or shoreline stabilization is permitted within 

such buffers. 
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Figure 15-2: Water Supply Overlay Riparian (Vegetative) Buffer 

 

2. No new development is allowed in required riparian buffers except for water-depend-

ent structures and public projects such as street crossings and greenways where no 

practical alternative exists. These activities must minimize built-upon surface area, di-

rect runoff away from the surface waters and maximize use of stormwater best man-

agement practices.  

 /M, Mining Overlay 

 General 

1. No land may be classified in a mining overlay district after October 6, 2014.  

2. All mining and extraction uses within an existing mining overlay district are subject to 

the regulations of Section 30.140. 

 Planned Unit Development Overlay (Legacy District) 

 General 
No land may be classified in a planned unit development overlay district after October 6, 

2014. Planned unit development districts established on or before October 6, 2014 are gov-

erned by terms of the approved PUD permit and the regulations of this section. 

 PUD Types and Elements 

1. One element of each PUD district must be the medium density residential element. 

Here there are two possibilities, each one corresponding either to the R-20 or R-10 resi-

dential districts. Within that portion of the PUD district that is developed for medium 
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density residential purposes, all development must be in accordance with the regula-

tions applicable to the medium density residential district to which the particular PUD 

zoning district corresponds. 

2. A second element of each PUD district must be the higher density residential element. 

Here there are two possibilities, each one corresponding either to the R-8 or R-6 zoning 

districts. Within that portion of the PUD district that is developed for higher density res-

idential purposes, all development must be in accordance with the regulations applica-

ble to the higher density residential district to which the PUD district corresponds.  

3. A third element of each PUD district must be the commercial element. Here there are 

two possibilities, each one corresponding either to the B-2 or B-3 commercial district. 

Within that portion of a PUD district that is developed for purposes permissible in a 

commercial district, all development must be in accordance with the regulations appli-

cable to the commercial district to which the PUD district corresponds.  

4. A manufacturing/processing element is an optional fourth element of any PUD district. 

Here there are two alternatives. The first is that uses permitted within the LI district 

would be permitted within the PUD district. The second alternative is that uses permit-

ted only within the LI or HI zoning districts would not be permitted. If an LI element is 

included, then within that portion of the PUD district that is developed for purposes 

permissible in an LI district, all development must be in accordance with the regulations 

applicable to the LI district.  

 Minimum Area 
No area of less than 25 contiguous acres may be zoned as a PUD district, and then only 

upon the request of the owner or owners of all the property intended to be covered by the 

PUD district classification.  

 Regulations  

1. In a planned unit development, the developer may make use of the land for any pur-

pose authorized in a particular PUD zoning district in which the land is located, subject 

to the provisions of this ordinance.  

2. Within any lot developed as a planned unit development, not more than 35% of the to-

tal district area may be developed for higher density residential purposes (R-8 or R-6, as 

applicable), not more than 10% of the total district area may be developed uses allowed 

in a B-2 or B-3 zoning district (whichever corresponds to the PUD zoning district in 

question), and not more than 5% of the total PUD district area may be developed for 

uses allowed in the LI zoning district (assuming the PUD zoning district expressly allows 

such uses).  

3. The plans for the proposed planned unit development must indicate the particular por-

tions of the district that the developer intends to develop for higher density residential 

purposes, lower density residential purposes, commercial purposes (as applicable), and 

industrial purposes. For purposes of determining the substantive regulations that apply 

to the planned unit development, each portion of the PUD district so designated must 

then be treated as if it were a separate district 
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4. A planned unit development permit may be approved showing one or more portions of 

the tract as reserved for future development of a specified type (e.g., residential, com-

mercial, or manufacturing). No construction of any land may take place within areas 

designed as reserved areas until an amendment to the approved PUD district has been 

approved by Board of Commissioners in accordance with the zoning map amendment 

procedures of Section 80.040. 

5. The nonresidential portions of any planned unit development may be occupied only in 

accordance with a schedule approved at the time of approval of the PUD or any amend-

ment to the PUD. The schedule must relate occupancy of nonresidential portions of the 

PUD to the completion of a specified percentage or specified number of phases or sec-

tions of the residential portions of the development. The purpose and intent of this pro-

vision is to ensure that the planned unit development procedure is not used, intention-

ally or unintentionally, to create nonresidential uses in areas generally zoned for resi-

dential uses except as part of an integrated and well-planned mixed-use development. 

In approving a proposed schedule, the authorized decision-making body may consider, 

among other factors, the number of dwelling units proposed for the residential portion 

of the PUD, the nature and scope of the nonresidential portions of the PUD, the physi-

cal relationship of the nonresidential components of the PUD to neighboring properties 

not within the PUD, and whether the nonresidential uses are to be located within pre-

existing buildings or new construction. 
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 MPD, Master Planned Development District ....................................................... 20-1 

 

 General 

 Purpose and Intent 
Like overlay zoning districts, special purpose zoning districts are tools for dealing with 

unique issues or settings or accomplishing special planning and zoning goals. Unlike overlay 

districts, however, special districts are base zoning classifications; they do not “over-lay” 

other base zoning districts.  

 Establishment 
Special districts may be established, amended or removed only in accordance with the zon-

ing map amendment procedures of Section 80.040. 

 MPD, Master Planned Development District 

 Purpose and Intent 
The MPD, Master Planned Development district is established to accommodate develop-

ment that would be difficult or impossible to carry out under otherwise applicable zoning 

regulations. Different types of MPDs will promote different planning goals. In general, how-

ever, all MPDs are intended to result in development that is consistent with the county’s 

adopted plans and that provides greater public benefits than could be achieved using con-

ventional zoning regulations. MPDs are also generally intended to promote one or more of 

the following: 

1. Variety in housing types and sizes to accommodate households of all ages, sizes, in-

comes and lifestyle choices; 

2. Compact, mixed-use development patterns where residential, commercial, employ-

ment, civic, and open space areas are located in close proximity to one another; 

3. A coordinated transportation system that includes an inter-connected hierarchy of ap-

propriately designed improvements for motorized and non-motorized travel; 

4. Buildings and other improvements that by their arrangement, massing, design, charac-

ter and site design elements establish a high-quality, livable environment; 

5. Sustainable development practices; 

6. Incorporation of open space amenities and natural resource features into the develop-

ment design; 

7. Low-impact development (LID) and best management practices for managing storm-

water; and 

8. Flexibility and creativity in responding to changing social, economic and market condi-

tions. 
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 Unified Control 
No application for MPD zoning approval will be accepted or approved unless all of the prop-

erty included in the application is under unified ownership or a single entity’s control. 

 Procedure 
MPDs must be reviewed and approved in accordance with the procedures of Section 

80.100. 

 Developer’s Statement of Intent 
Each MPD application must include a written explanation describing how the proposed de-

velopment meets the purpose and intent described in §20.020-A. 

 Use Regulations and Lot and Building Standards 
The use regulations and lot and building standards that apply within an MPD zoning district 

must be established at the time of MPD development plan approval by the Board of Com-

missioners. Allowed uses, residential densities and nonresidential intensities must be con-

sistent with any approved plans for the area. 

 Other Development Standards 
Unless otherwise expressly approved by the Board of Commissioners at the time of MPD 

development plan approval, properties within the MPD district are subject to all other appli-

cable provisions of this ordinance. The MPD development plan must specify the deviations 

proposed from otherwise applicable development standards if deviations from otherwise 

applicable standards are proposed. 
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 Allowed Uses ..................................................................................................... 25-1 

 Use Categories ................................................................................................... 25-5 

 

 Allowed Uses 

 Use Classification System 
Uses are listed in the first column Table 25-1. This ordinance classifies uses into categories 

and subcategories, which are defined in Section 25.020. 

 Permitted Uses 
Uses identified with a “P” are permitted as-of-right in the subject zoning district, subject to 

compliance with any supplemental regulations identified in the final column of the table 

and with all other applicable regulations of this ordinance. 

 Special Uses 
Uses identified with an “S” may be allowed if reviewed and approved in accordance with the 

special use procedures of 80.100-A. Special uses are subject to compliance with any supple-

mental regulations identified in the final column of Table 25-1 and with all other applicable 

regulations of this ordinance. 

 Prohibited Uses 
Uses identified with an “–” are expressly prohibited. Uses that are not listed in the table and 

that cannot reasonably be interpreted to fall within one of the use categories described in 0 

are also prohibited. 

 Supplemental Regulations 
The “supplemental regulations” column of Table 25-1 identifies additional regulations that 

apply to some uses. Unless otherwise expressly stated, compliance with these regulations is 

required regardless of whether the use is permitted as-of-right or requires special use ap-

proval.  

 Accessory Uses 
Accessory uses, such as home occupations, are not regulated by the use table. Customary 

accessory uses are permitted in conjunction with allowed principal uses, subject to compli-

ance with all applicable accessory use regulations of Article 35. 
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Table 25-1: Table of Allowed Uses  
U S E  C A T E G O R Y  RA RA RA R R R R R R R  B B B H L H Supplemental 
Subcategory 

Specific use 
200 40 20 40 20 15 10 8 6 4 O 2 3 4 C I I Regulations 

P = use permitted as of right  |  S = special use approval required in accordance with 80.100-A |  ‒ = prohibited use 

R E S I D E N T I A L                    
Household Living                    

Detached House P P P P P P P P P P ‒ ‒ ‒ ‒ ‒ ‒ ‒  
Dwelling unit above ground-floor office/commercial use ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P P P P P ‒ ‒  
Townhouse ‒ ‒ ‒ ‒ ‒ ‒ P P P P ‒ ‒ ‒ ‒ ‒ ‒ ‒  
Two-unit House ‒ P P S P P S P P P ‒ ‒ ‒ ‒ ‒ ‒ ‒  
Multi-unit Building ‒ ‒ ‒ ‒ ‒ ‒ P P P P ‒ ‒ ‒ ‒ ‒ ‒ ‒ Section 30.050 
Manufactured Housing Unit, Class A P P P P P P P P ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ 0 

Manufactured Housing Unit, Class B P P P S S S ‒ P ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ 0 
Manufactured Housing Unit, Class C ‒ P P ‒ ‒ ‒ ‒ P ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ 0 
Manufactured Housing Unit, Temporary  P P P P P P P P P ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ Section 30.120 
Manufactured Housing Park ‒ ‒ ‒ ‒ ‒ ‒ ‒ S ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ Section 30.130 
Dependent Care Residence (Temporary) S S S S S S S S S S ‒ ‒ ‒ ‒ ‒ ‒ ‒ Section 30.060 

Group Living (except as identified below) ‒ S S S S S S S S S S S S S S ‒ ‒  
Continuing Care Facility ‒ S S S S S S S S S S S S S S ‒ ‒ Section 30.050 
Family Care Home P P P P P P P P P P P P P P P ‒ ‒  
Fraternity/Sorority ‒ ‒ ‒ ‒ ‒ ‒ S ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒  
Group Home ‒ S S  S S S S S S S S S P P P ‒ ‒  
Nursing Home/Rehabilitation Center ‒ S S S S S S S S S S P P P P ‒ ‒  

P U B L I C ,  C I V I C  A N D  I N S T I T U T I O N A L                    
Aviation Facility                   

Airport ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S S  
Airstrip S S S S S ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S S  

Cemetery S S S S S S ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ Section 30.040 

College or University                   
Campus ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S  S S S S ‒ ‒  
Satellite ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P P P P P ‒ ‒  

Detention or Correctional Facility ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S S  
Fraternal Organization ‒  S ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P P P P P ‒ ‒  
Governmental Service P P P P P P P P P P P P P P P P P  

Hospital ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S ‒ ‒ S P ‒ ‒  
Library or Cultural Exhibit ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P P P P P ‒ ‒  
Natural Resource Preservation P P P P P P P P P P P P P P P P P  
Parks and Recreation                   

Low-impact P P P P P P P P P P P P P P P ‒ ‒  

High-impact S S S S S S S S S S P P P P P ‒ ‒  
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Postal Service ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P P P P P P P  
Religious Assembly P P P P P P P P P P P P P P P ‒ ‒  
Safety Service P P P P P P P P P P P P P P P P P  

School P P P P P P P P P P P P P P P P P  
Utility or Public Service Facility                   

Minor P P P P P P P P P P P P P P P P P  
Major S S S S S S S S S S S S S S S S P  

C O M M E R C I A L                    
Adult Use ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S ‒ ‒ ‒ ‒ Section 30.010 

Animal Service                   
Boarding or Shelter S S ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S S ‒ ‒  
Grooming or Training S S ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒  P P ‒ P P ‒ ‒  
Supplies S S ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P ‒ P P ‒ ‒  
Veterinary  S S ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P P ‒ P P ‒ ‒  

Commercial Service                    
Building and Maintenance Service ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P P P P P P  
Business Support Service ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P P P P P P P  
Communication Service  ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P P P P P P ‒  
Consumer Maintenance and Repair Service ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P P P P P ‒  
Personal Improvement Service ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S P P P P P ‒  

Research Service ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P P P P P P ‒  
Studio, Instructional or Service ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S P P P P P ‒  

Day Care Center S S S S S S S S S S S P P P P ‒ ‒  
Eating Establishment ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P ‒ P P ‒ ‒  
Entertainment and Spectator Sports                   

Indoor, Minor S S ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P ‒ P P ‒ ‒  
Indoor, Major S S ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S ‒ P P ‒ ‒  
Outdoor, Minor S S ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S ‒ P P ‒ ‒ Section 30.080 
Outdoor, Major S S ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S S S S Section 30.080 

Financial Service (except as identified below) ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P ‒ P P P ‒  
Bank, Savings and Loan, Credit Union ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P P P P P ‒ ‒  

Funeral and Mortuary Service ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S P P P P ‒ ‒  
Lodging                   

Bed & Breakfast Inn S S S S ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒  
Campground/RV Park S S ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S ‒ ‒ Section 30.030 
Campsite, Primitive P P P P P P P P P ‒ ‒ P ‒ P P ‒ ‒ Section 30.030 

Hotel/Motel ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S ‒ S P ‒ ‒  
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Office ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P P P P P P P  
Parking, Non-accessory ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S S ‒ S P P ‒  
Retail Sales (except as identified below) ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P P P P ‒ ‒  

Flea Market ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒  ‒ ‒ S S ‒ ‒  
Large-format Retail (50,000 sq. ft. or more) ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S ‒ P P ‒ ‒  

Sports and Recreation, Participant                    
Indoor, Minor ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S S P P P ‒  
Indoor, Major ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S P P ‒  
Outdoor, Minor (except as identified below) P P S P S ‒ ‒ ‒ ‒ ‒ ‒ S S P P P ‒  

Outdoor, Major (except as identified below) S S ‒ S ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P P ‒  
Shooting Range, Outdoor S ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ Section 30.170 
Stable or Riding Academy P P S P S ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ Section 30.180 

Self-service Storage Facility                   
Type 1  ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P S P P P ‒ ‒  

Type 2  ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S S S P P ‒  
Type 3  ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S S P ‒  

Trade School ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S S P P ‒ ‒  
Vehicle Sales and Service                   

Commercial Vehicle Repair and Maintenance ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P P ‒  
Commercial Vehicle Sales and Rentals ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P P ‒  

Fueling Station ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S ‒ S P P ‒  
Personal Vehicle Repair and Maintenance ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S ‒ S P P ‒  
Personal Vehicle Sales and Rentals ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S ‒ S P P ‒  
Vehicular Equipment and Supplies ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P ‒ P P ‒ ‒  
Vehicle Body and Paint Shops ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S S P ‒  

W H O L E S A L E ,  D I S T R I B U T I O N  &  S T O R A G E                    
Equipment and Materials Storage, Outdoor ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S S P  
Trucking and Transportation Terminals ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒  ‒ ‒ S P  
Warehouse ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P P P  
Wholesale Sales and Distribution ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P P P  
I N D U S T R I A L                    

General Industrial ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒  ‒ ‒ S P P  
Intensive Industrial ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P  
Junk or Salvage Yard ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S  
Mining/Extraction S ‒         ‒ ‒ ‒ ‒   S Section 15.040 
R E C Y L C I N G  A N D  W A S T E - R E L A T E D                    

Construction and Demolition Debris Recycling Facility ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S P  
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Recyclable Material Processing Center ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S P P  
Landfill                   

Construction and Demolition Debris, On-site P P P P P P P P P P P P P P P P P Section 30.090 

Construction and Demolition Debris, Off-site ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S P  
Reclamation (1 acre or less) P P P P P P P P P P P P P P P P P Section 30.090 
Reclamation (more than 1 acre) S ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S P Section 30.090 
Sanitary  ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S  

Solid Waste Convenience Center S‒ S ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P P P P  
Solid Waste Transfer Station ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S P  

A G R I C U L T U R E  &  A G R I C U L T U R E - R E L A T E D ,  
N O N - E X E M P T  

                  

Agribusiness S S ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒  
Agriculture P P P P               
Agritourism P S S S ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒  
Nursery or Greenhouse P P P S ‒ ‒ ‒ ‒ ‒ ‒ ‒ P ‒ P P P P  
Silvicultural Operations P P P P P P P ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P P  

O T H E R                    
Drive-in or Drive-through Facility ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ P S ‒ P P P ‒  
Wireless Telecommunication Facility                   

Carrier on Wheels (COW) P P P P P P P P P P P P P P P P P Section 30.190 
Collocation P P P P P P P P P P P P P P P P P Section 30.190 

Concealed Wireless Facility  P P P P P P P P P P P P P P P P P Section 30.190 
Wireless Support Structure (up to 60 feet in height) P P P P P P P P P P P P P P P P P Section 30.190 
Wireless Support Structure (60.01 to 200 feet in height) S S S S S S S S S S S S S S S P P Section 30.190 
Wireless Support Structure (over 200 feet in height) ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ S S Section 30.190 
All other Wireless Telecommunication Facilities S S S S S S S S S S S S S S S S S Section 30.190 

Radio or Television Broadcast Tower S S S S S S S S S S S S S S S S S Section 30.150 
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 Use Categories 

 General 

1. The System 
This ordinance classifies principal land uses into 8 major groupings (described in 

§25.020-B through §25.020-H). These major groupings are referred to as “use catego-

ries.” The use categories are as follows: 

a. Residential. See §25.020-B. 

b. Public, Civic and Institutional. See §25.020-C. 

c. Commercial. See 25.020-D.  

d. Wholesale, Distribution and Storage. See §25.020-E. 

e. Industrial. See §25.020-F. 

f. Recycling and Waste-Related. See §25.020-G. 

g. Agriculture and Agriculture-Related (Non-exempt). See §25.020-H. 

h. Other. See §25.020-I. 

2. Use Subcategories 
Each use category is further divided into more specific “subcategories.” Use subcatego-

ries classify principal land uses and activities based on common functional, product or 

physical characteristics, such as the type and amount of activity, the type of customers 

or residents, how goods or services are sold or delivered and site conditions.  

3. Specific Use Types 
Some use subcategories are further broken down to identify specific types of uses that 

are regulated differently than the subcategory as a whole. 

4. Determination of Use Categories and Subcategories 

a. The administrator is authorized to classify uses on the basis of the use category, 

subcategory and specific use type descriptions of this article.  

b. When a use cannot be reasonably classified into a use category, subcategory or 

specific use type, or appears to fit into multiple categories, subcategories or spe-

cific use types, the administrator is authorized to determine the most similar and 

thus most appropriate use category, subcategory or specific use type based on the 

actual or projected characteristics of the principal use or activity in relationship to 

the use category, subcategory and specific use type descriptions provided in this 

section. In making such determinations, the administrator must consider:  

(1) The types of activities that will occur in conjunction with the use;  

(2) The types of equipment and processes to be used;  

(3) The existence, number and frequency of residents, customers or employees;  

(4) Parking demands associated with the use; and 

(5) Other factors deemed relevant to a use determination. 
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c. If a use can reasonably be classified in multiple categories, subcategories or specific 

use types, the administrator must categorize the use in the category, subcategory 

or specific use type that provides the most exact, narrowest and appropriate “fit.” 

d. If the administrator is unable to determine the appropriate use category for a pro-

posed use, the administrator is authorized to deny permits and certificates for es-

tablishment of the proposed use. This decision may be appealed to the board of 

adjustment in accordance with appeal procedures of Section 80.130. 

 Residential Use Category 
This category includes uses that provide living accommodations for one or more persons. 

The residential use subcategories are as follows. 

1. Household Living 
Residential occupancy of a dwelling unit by a household. When dwelling units are 

rented, tenancy is arranged on a month-to-month or longer basis. Uses where tenancy 

may be arranged for a shorter period are not considered residential; they are consid-

ered a form of lodging. The following are household living specific use (building) types: 

a. Detached House 
A detached house is a principal residential building, other than a manufactured 

housing unit, used as a single dwelling unit, located on a single lot, with private 

yards on all sides. Detached houses are not attached to and do not abut other 

dwelling units.  

b. Townhouse 
A townhouse is a single dwelling unit that is located on its own, exclusive lot and 

that shares at least one common or abutting wall with another townhouse unit. 

c. Two-unit House 
A two-unit house is a residential building occupied by 2 dwelling units, both of 

which are located on a single lot. The dwelling units are attached and may be lo-

cated on separate floors or side-by-side. Two-unit houses are also known as du-

plexes. 

d. Multi-unit Building  
A multi-unit building is a residential building on a single lot that is occupied by 3 or 

more dwelling units that share common walls and/or common floors/ceilings.  

e. Manufactured Housing Unit  
A manufactured housing unit is a principal residential building that is used as a sin-

gle dwelling unit, located on a single lot, with private yards on all sides. Manufac-

tured housing units are (i) not constructed in accordance with the standards set 

forth in the North Carolina State Building Code, (ii) composed of one or more com-

ponents, each of which was substantially assembled in a manufacturing plant and 

designed to be transported to the lot on its own chassis, and (iii) in excess of 40 feet 

in length and 8 feet in width. A structure that would otherwise be characterized as a 

manufactured housing unit but that it is not used or held ready for use as a dwelling 

unit (e.g., is used as an office or some other business use) is not classified as a man-

ufactured housing unit.  
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f. Manufactured Housing Unit, Class A 
A manufactured housing unit constructed after July 1, 1976 that meets or exceeds 

the construction standards promulgated by the U.S. Department of Housing and 

Urban Development that were in effect at the time of construction and that satis-

fies each of the following additional criteria 

(1) The unit has a length not exceeding 3 times its width;  

(2) The pitch of the unit’s roof has a minimum vertical rise of one foot for each five 

feet of horizontal run, and the roof is finished with a type of shingle that is 

commonly used in standard residential construction;  

(3) The exterior siding of the unit consists of wood, hardboard, or aluminum (vinyl 

covered or painted), comparable in composition, appearance, and durability to 

the exterior siding commonly used in standard (on-site, stick-built) residential 

construction;  

(4) The tongue, axles, transporting lights, and removable towing apparatus are 

removed after placement on the lot and before occupancy.  

g. Manufactured Housing Unit, Class B 
A manufactured housing unit that meets all of the criteria of a Class A manufac-

tured housing unit except the length/width ratio.  

h. Manufactured Housing Unit, Class C 
A manufactured housing unit constructed after July 1, 1976 that meets or exceeds 

the construction standards promulgated by the U.S. Department of Housing and 

Urban Development that were in effect at the time of construction but that does 

not satisfy all of the criteria necessary to qualify the house either as a class A or 

class B manufactured housing unit.  

i. Manufactured Housing Unit, Class D 
Any manufactured housing unit that does meet the definitional criteria of a Class A, 

B, or C manufactured housing unit.  

j. Manufactured Housing Park 
A residential development in which more than one manufactured housing unit is 

located on a single lot. Sometimes referred to as “mobile home parks.”  

2. Group Living 
Residential occupancy of a building or any portion of a building by a group other than a 

household. Group living uses typically provide communal kitchen/dining facilities. Ex-

amples of group living uses include convents, monasteries, fraternity and sorority 

houses and the following specific use types:  

a. Continuing Care Facility 
 A facility that provides lodging together with nursing services, medical services, or 

other health-related services, under a contract approved by the state department 

of insurance, as further outlined in NCGS 58-64. 

b. Family Care Home 
A detached house occupied by support and supervisory personnel who provide 

room and board, personal care and habilitation services in a family environment for 
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not more than 6 children or 6 persons with disabilities. Also includes uses that pro-

vide room and board for adults or children who have been abused or displaced. 

c. Group Home 
A residential use where 7 or more nonrelated persons reside because of age, tem-

porary or chronic disability or domestic abuse.  

d. Transitional Living Facility 
A dwelling in which persons reside while receiving therapy or counseling to assist 

them in overcoming addiction to intemperate use of narcotics or alcohol, or in ad-

justing to society after or during imprisonment through such means as pre-release, 

work-release or probationary programs.  

 Public, Civic and Institutional Use Category 
This category includes public, quasi-public and private uses that provide unique services 

that are of benefit to the public at-large. The public, civic and institutional subcategories are 

as follows. 

1. Aviation Facility 
Facilities where fixed-wing aircraft or helicopters take off and land, including customary 

accessory uses and structures.  

a. Airport 
An area of land or water, other than an airstrip, that is designed or used on a recur-

ring basis for the landing and take-off of aircraft.  

b. Airstrip 
An area of land or water, located on private property used for the landing and take-

off of not more than 2 aircraft owned or leased by the owner of such property, or 

aircraft engaged in crop dusting of land owned or leased by the owner of the air-

strip. Uses that offer flying lessons or the rental or sale of aircraft, parts or fuel are 

airports, not airstrips. 

2. Cemetery 
Land or structures used for burial or permanent storage of the dead or their cremated 

remains. Typical uses include cemeteries and mausoleums. Also includes pet cemeter-

ies. 

3. College or University 
Institutions of higher learning (beyond senior high school) that offer courses of general 

or specialized study and are authorized to grant academic degrees.  

a. Campus 
College of university uses consisting of multi-building campuses connected by 

walkways and open space areas. Campuses typically include libraries and commu-

nal dining areas. 

b. Satellite 
College of university uses that occupy a single office-style building. 
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4. Detention or Correctional Facility  
An institution operated by the county, the state, the federal government or a private 

party under contract with the county, the state or the federal government for the con-

finement and punishment and treatment or rehabilitation of offenders under the juris-

diction of a court.  

5. Fraternal Organization 
The use of a building or lot by a not-for-profit organization that restricts access to its 

facility to bona fide, annual dues-paying members and their occasional guests and 

where the primary activity is a service not carried on as a business enterprise. 

6. Governmental Service 
Uses related to the administration of local, state or federal government services or 

functions. 

7. Hospital  
Uses providing medical or surgical care to patients and offering inpatient (overnight) 

care. 

8. Library or Cultural Exhibit  
Museum-like preservation and exhibition of objects in one or more of the arts and sci-

ences, gallery exhibition of works of art or library collections of books, manuscripts and 

similar materials for study and reading. Includes aquariums and planetariums. 

9. Natural Resources Preservation 
Undeveloped land left in a natural state for specific use as visual open space or environ-

mental purposes. Typical uses include wildlife or nature preserves, arboretums, flood 

management projects and reservoirs. 

10. Parks and Recreation 
Recreational, social or multi-purpose uses associated with public parks and open 

spaces, including playgrounds, playfields, play courts, community centers and other 

facilities typically associated with public park and open space areas. Also includes open 

space and recreation facilities within subdivisions, typically managed by property 

owner associations. 

a. Low-impact 
Park and recreation facilities that do not qualify as high-impact park and recreation 

facilities. 

b. High-impact 
Park and recreation facilities that include any of the following: 

(1) more than 25 off-street parking spaces; 

(2) permanently mounted speakers for amplified sound; 

(3) concession stands; 

(4) outdoor lights mounted more than 20 feet in height above grade;  

(5) building coverage of more than 15% of the overall site area. 
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11. Postal Service 
Facilities operated by the U.S. Postal Service, including post offices and mail sorting 

and distribution facilities. 

12. Religious Assembly  
Religious services involving public assembly that customarily occur in churches, syna-

gogues, temples, mosques and other facilities used for religious worship.  

13. Safety Service  
Establishments that provide fire, police or life protection, together with the incidental 

storage and maintenance of necessary vehicles. Typical uses include fire stations, police 

stations, ambulance services and storm or civil defense shelters. 

14. School 
Public and private schools at the primary, elementary, junior high or high school level 

that provide basic, compulsory education. 

15. Utility or Public Service Facility 
Any above-ground structures or facilities (other than buildings, unless such buildings 

are used as storage incidental to the operation of such structures or facilities) owned by 

a governmental entity, a nonprofit organization, corporation, or any entity defined as a 

public utility for any purpose by NCGS 62-3(23) and used in connection with the produc-

tion, generation, transmission, delivery, collection, or storage of water, sewage, elec-

tricity, gas, oil, or electronic signals 

a. Minor 
Utility or public service facilities that need to be located in or close to the area 

where the service is provided. Minor utilities and public service facilities generally 

do not have regular employees at the site and typically have few if any impacts on 

surrounding areas. Typical uses include water and sewer pump stations; gas regu-

lating stations; electric transformers; water conveyance systems; stormwater facili-

ties and conveyance systems; telephone switching equipment and emergency 

communication warning/broadcast facilities.  

b. Major 
Utility and public service facilities that are not classified as “minor.” Typical uses 

include but are not limited to water and wastewater treatment facilities, high-volt-

age electric substations, utility-scale power generation facilities (including wind, 

solar and other renewable and nonrenewable energy sources), and utility-scale wa-

ter storage facilities, such as water towers.  

 Commercial Use Category 
The commercial use category includes uses that provide a business service or involve the 

selling, leasing or renting of merchandise to the general public. The commercial use subcat-

egory area as follows. 

1. Adult Use 
Any structure, business or use of land that meets the definition of “Adult Establish-

ment,” as outlined in NCGS 14-202.10, and including adult video stores and adult hotels 

and motels. This definition includes adult bookstores, adult motion picture theaters, 

adult mini-motion picture theaters, adult live entertainment businesses or massage 



Article 25 | Allowed Uses 
Section 25.020 | Use Categories 

Effective October 6, 2014 page 25-11 Amendments through 11.03.2014 

businesses. These uses are further defined in NCGS 14-202.10 and the definitions are 

adopted by reference. Massage businesses are not considered adult uses if all employ-

ees associated with massage meet the ethical and educational requirements specified 

by the American Massage Therapy Association, or equivalent national or state stand-

ards.  

a. Adult Motel or Hotel 
A hotel, motel or similar commercial establishment that:  

(1) offers accommodations to the public for any form of consideration and, as one 

of its principal business purposes, provides patrons with closed-circuit televi-

sion transmissions, films, motion pictures, videocassettes, slides, or other pho-

tographic reproductions that depict or describe "specified sexual activities" or 

"specified anatomical areas"; or  

(2) offers a sleeping room for rent for a period of time that is less than 10 hours; or  

(3) allows a tenant or occupant of a sleeping room to sub-rent the room for a pe-

riod of time that is less than 10 hours.  

(4) Adult Video Store 

(5) A commercial establishment that has as a substantial portion (over 25% of to-

tal retail space) of its-stock-in-trade and offers for sale or rent, for any form of 

consideration, any one or more of the following: photographs, films, motion 

pictures, video cassettes or video reproductions, slides, or other visual repre-

sentations that depict or describe "specified sexual activities" or "specified ana-

tomical areas." 

2. Animal Service  
Uses that provide goods and services for care of animals. 

a. Boarding or Shelter  
Breeding, boarding, care or training services for dogs, cats and small animals, in-

cluding boarding kennels, pet resorts/hotels, pet adoption centers, dog training 

centers animal rescue shelters. 

b. Grooming  
Grooming of dogs, cats and similar small animals, including dog bathing and clip-

ping salons and pet grooming shops. Grooming does not include overnight board-

ing or outdoor animal runs or kennels. 

c. Stable 
Riding stables, riding academies, equestrian training facilities and similar uses. 

d. Supplies 
Sales of animal feed, pharmaceuticals and animal-related supplies. Typical uses 

include feed stores, tack shops and animal supply stores. 

e. Veterinary 
Animal hospitals and veterinary clinics. Any veterinary uses that involve outdoor 

animal runs or kennels are regulated as boarding or shelter uses. 
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3. Commercial Service 
Uses that provide for consumer or business services and for the repair and maintenance 

of a wide variety of products.  

a. Building and Maintenance Service 
Uses that provide maintenance and repair services for all structural and mechanical 

elements of structures, as well as the exterior spaces of a premise. Typical uses in-

clude janitorial, landscape maintenance, extermination, plumbing, electrical, 

HVAC, window cleaning and similar services.  

b. Business Support Service 
Uses that provide personnel services, printing, copying, photographic services or 

communication services to businesses or consumers. Typical uses include employ-

ment agencies, day labor hiring services, armored car services, copy and print 

shops, caterers, telephone answering services and photo developing labs.  

c. Communication Service 
Uses that provide for audio or video production, recording or broadcasting. Typical 

examples include recording studios, radio and television production and broadcast 

facilities. Broadcast towers are classified as telecommunications facilities (see 

§25.020-I2). 

d. Consumer Maintenance and Repair Service 
Uses that provide maintenance, cleaning and repair services for consumer goods on 

a site other than that of the customer (i.e., customers bring goods to the site of the 

repair/maintenance business). Typical uses include laundry and dry cleaning pick-

up shops, tailors, taxidermists, dressmakers, shoe repair, picture framing shops, 

gunsmiths, locksmiths, vacuum repair shops, electronics repair shops and similar 

establishments. Business that offer repair and maintenance service technicians 

who visit customers’ homes or places of business are classified as a “building ser-

vice.”  

e. Personal Improvement Service 
Uses that provide a variety of services associated with personal grooming, instruc-

tion and maintenance of fitness, health and well-being. Typical uses include bar-

bers, hair and nail salons, day spas, health clubs and yoga and martial arts studios.  

f. Research Service 
Uses engaged in scientific research and testing services leading to the development 

of new products and processes. Such uses resemble office buildings or campuses 

and do not involve the mass production, distribution or sale of products. Research 

services do not produce odors, dust, noise, vibration or other external impacts that 

are detectable beyond the lot lines of the subject property.  

g. Studio, Instructional or Service 
Uses in an enclosed building that focus on providing instruction or training in music, 

dance, drama, fine arts, language or similar activities. Also includes artist studios 

and photography studios.  
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4. Day Care Center 
Uses providing care, protection and supervision for children or adults on a regular basis 

away from their primary residence for more than 2 but fewer than 24 hours per day.  

5. Eating Establishment 
Uses that prepare and serve food and beverages for on- or off-premise consumption as 

their principal business. Typical uses include cafés, restaurants, cafeterias, ice 

cream/yogurt shops, coffee shops and similar establishments. 

6. Entertainment and Spectator Sports  
Provision of cultural, entertainment, athletic and other events to spectators, such as 

typically occurs in theaters, amphitheaters, cinemas, auditoriums, fairgrounds, stadi-

ums, arenas and racetracks. 

a. Indoor, Minor 
Entertainment and spectator sports venues and events that are conducted entirely 

within buildings that have a gross floor area of no more than 20,000 square feet. 

b. Indoor, Major  
Entertainment and spectator sports venues and events that are conducted entirely 

within buildings and that have a gross floor area of more than 20,000 square feet. 

c. Outdoor, Minor 
Entertainment and spectator sports venues and event facilities that are primarily 

outside of a fully enclosed building and that meet all of the following criteria: 

(1) Have no more than 50 off-street parking spaces; 

(2) Do not have outdoor lights mounted more than 20 feet above grade; and 

(3) Do not have speakers for amplified sound. 

d. Outdoor, Major  
Entertainment and spectator sports venues and event facilities that are primarily 

outside of a fully enclosed building and that do not meet all of the criteria estab-

lished for “minor” outdoor entertainment and spectator sports facilities (see 

above). 

7. Financial Service 
Uses related to the exchange, lending, borrowing and safe-keeping of money. Typical 

examples are banks, credit unions, consumer load establishments and the following 

types of personal credit establishments: 

a. Check Cashing 
An establishment that: 

(1) Is not a bank or financial institution subject to federal or state regulation;  

(2) Charges a fee to cash a check or have a check processed; and  

(3) Provides such services to the public. 

b. Pawnshop 
An establishment that is engaged to any extent in any of the following business or 

activities: 
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(1) The lending of money on the deposit or pledge of personal property, other 

than chosen in action, securities or written evidence of indebtedness; 

(2) The purchase of personal property either from an individual, another pawn 

business or any other business with an expressed or implied agreement or un-

derstanding to offer the property for sale to the public, and if that sale is unsuc-

cessful, then to sell it back to the previous owner at a subsequent time at a stip-

ulated price or negotiated price; 

(3) The purchase of precious metals with the intent to melt down, provided that 

such activity is not clearly incidental to the principal use of the establishment; 

or 

(4) The lending of money upon personal property, goods, wares, or merchandise 

pledge, stored or deposited as collateral security. 

c. Payday Lender 
Any person or entity that is substantially in the business of negotiating, arranging, 

aiding, or assisting a consumer in procuring payday loans. 

d. Bail Bond 
A use that provides surety and pledge money or property as bail for the appearance 

of persons accused in court.  

8. Funeral and Mortuary Service 
Uses that provide services related to the death of a human, including funeral homes, 

mortuaries, crematoriums and similar uses. Also includes crematoriums for pets and 

domestic animals. 

9. Lodging 
Uses that provide temporary lodging for less than 30 days where rents are charged by 

the day or by the week. Lodging uses sometimes provide food or entertainment, pri-

marily to registered guests.  

a. Bed and Breakfast  
A detached house in which the owner offers overnight accommodations and meal 

service to overnight guests for compensation.  

b. Hotel/Motel 
An establishment, other than a bed and breakfast, in which short-term lodging is 

offered for compensation. 

c. Campground 
An establishment that provides temporary overnight accommodations for camping 

in recreational vehicles or camping units. 

(1) Campground, Developed 

A campground with 2 or more camping unit sites, accessible by vehicular traffic 

where sites are substantially developed and tables, refuse containers, flush toi-

lets, bathing facilities and water. 
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(2) Campground, Fully Developed 

A campground with 2 or more camping unit sites, accessible by vehicular traffic 

and provided with one or more service buildings. These sites may have individ-

ual water, sewer, and electrical connections. 

(3) Campground, Semi-Developed 

A campground with 2 or more camping unit sites, accessible by vehicular traf-

fic. Roads and facilities (toilets and/or privies) are provided. 

(4) Campground, Semi-Primitive 

A campground accessible only by walk-in, pack-in, equestrian, or motorized 

trail vehicles where rudimentary facilities (privies and/or fireplaces) may be 

provided for the comfort and convenience of the campers. 

(5) Campground, Primitive 

A campground accessible only by walk-in, pack-in, or equestrian campers 

where no facilities are provided for the comfort or convenience of the campers. 

10. Office 
Uses in an enclosed building, customarily performed in an office, that focus on provid-

ing executive, management, administrative, professional or medical services. Specific 

use types include: 

a. Business and Professional Office 
Office uses for companies and non-governmental organizations. Examples include 

corporate office, law offices, architectural firms, insurance companies and other 

executive, management or administrative offices for businesses and corporations. 

Also included are union halls that offer only office and meeting space and insurance 

claims adjusters with no more than one vehicle inspection bay and no on-site repair 

facilities.  

b. Medical, Dental and Health Practitioner 
Office uses related to diagnosis and treatment of human patients’ illnesses, injuries 

and physical maladies that can be performed in an office setting with no overnight 

care. Surgical, rehabilitation and other medical centers that do not involve over-

night patient stays are included in this subcategory, as are medical and dental la-

boratories, unless otherwise indicated. Ancillary sales of medications and medical 

products are allowed in association with a medical, dental or health practitioner 

office. 

11. Parking, Non-Accessory  
Parking that is not provided to comply with minimum off-street parking requirements 

and that is not provided exclusively to serve occupants of or visitors to a particular use, 

but rather is available to the public at-large. A parking facility that provides both acces-

sory and non-accessory parking will be classified as non-accessory parking if it leases 

25% or more of its spaces to non-occupants of or persons other than visitors to a partic-

ular use. The following are non-accessory parking specific use types: 

a. Surface Parking, Non-Accessory 
A non-accessory parking lot. 
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b. Structured Parking, Non-Accessory  
A non-accessory parking garage.  

12. Retail Sales 
Uses involving the sale, lease or rental of new or used goods to the ultimate consumer. 

The retail sales subcategory includes retail sales uses that sell or otherwise provide: 

a. Sundry goods;  

b. Products for personal grooming and for the day-to-day maintenance of personal 

health; 

c. Food or beverages for off-premise consumption, including grocery stores and simi-

lar uses that provide incidental and accessory food and beverage service as part of 

their primary retail sales business;  

d. Wearing apparel, fashion accessories, furniture, household appliances and similar 

consumer goods, large and small, functional and decorative, for use, entertain-

ment, comfort or aesthetics;  

e. Goods used to repair, maintain or visually enhance a structure or premises, such as 

hardware stores, home improvement stores, paint and wallpaper supply stores and 

garden supply stores. 

13. Self-service Storage Facility 
An enclosed use that provides separate, small-scale, self-service storage facilities 

leased or rented to individuals or small businesses for dead storage. Dead storage ex-

cludes on site retail, manufacturing, or service operation and operations with on-site 

employees on-site or operations with on-site material handling. Self-storage facilities 

may include up to one caretaker’s residence on-site. 

a. Type 1 
Class 1 self-service storage facilities are those in which individual storage spaces are 

accessed exclusively via interior hallways and contained within completely en-

closed (typically climate-controlled) buildings.  

b. Type 2 
Class 2 self-service storage facilities are those in which all storage spaces are con-

tained within completely enclosed buildings and in which some or all individual 

storage spaces have direct customer access from the building’s exterior without use 

of an interior hallway.  

c. Type 3 
Class 3 self-service storage facilities are those that involve any outdoor storage. 

14. Sports and Recreation, Participant  
Provision of sports or recreation primarily by and for participants. (Any spectators are 

incidental and present on a nonrecurring basis). Examples include bowling centers, 

health clubs, skating rinks, billiard centers, golf driving ranges, miniature golf courses, 

shooting ranges and batting cages. Also includes public and private golf courses. 

a. Indoor, Minor 
Participant sports and recreation uses that are conducted entirely within buildings 

that have a gross floor area of no more than 20,000 square feet. 
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b. Indoor, Major  
Participant sports and recreation uses that are conducted entirely within buildings 

and that have a gross floor area of more than 20,000 square feet. 

c. Outdoor, Minor 
Participant sports and recreation uses that are primarily outside of a fully enclosed 

building and that meet all of the following criteria: 

(1) Have no more than 50 off-street parking spaces; 

(2) Do not have outdoor lights mounted more than 20 feet above grade; and 

(3) Do not have speakers for amplified sound. 

d. Outdoor, Major  
Participant sports and recreation uses that are primarily outside of a fully enclosed 

building and that do not meet all of the criteria established for “minor” Participant 

sports and recreation uses (see above). 

e. Shooting Range, Outdoor 
An outdoor facility, including its component shooting ranges, safety fans, shot fall 

zones, parking areas, and other associated improvements, designed for the pur-

pose of providing a place for the discharge of various types of firearms or the prac-

tice of archery. Occasional target practice performed by individuals who own or 

lease the subject property is considered an accessory use and is not classified as a 

shooting range. 

15. Trade School 
Uses in an enclosed building that focus on teaching the skills needed to perform a par-

ticular job. Examples include schools of cosmetology, modeling academies, computer 

training facilities, vocational schools, administrative business training facilities and sim-

ilar uses. Truck driving schools are classified as “trucking and transportation terminals” 

(wholesale, distribution and storage use category). 

16. Vehicle Sales and Service 
Uses that provide for the sale, rental, maintenance or repair of new or used vehicles and 

vehicular equipment. The vehicle sales and service subcategory includes the following 

specific use types: 

a. Commercial Vehicle Repair and Maintenance 
Uses, excluding vehicle paint finishing shops, that repair, install or maintain the me-

chanical components or the bodies of large trucks, mass transit vehicles, large con-

struction or agricultural equipment, aircraft or similar large vehicles and vehicular 

equipment. Includes truck stops and truck fueling facilities. 

b. Commercial Vehicle Sales and Rentals 
Uses that provide for the sale or rental of large trucks, large construction or agricul-

tural equipment, aircraft, or similar large vehicles and vehicular equipment. 

c. Fueling Station 
Uses engaged in retail sales of personal or commercial vehicle fuels, including natu-

ral gas fueling stations and rapid vehicle charging stations and battery exchange 

facilities for electric vehicles.  
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d. Personal Vehicle Repair and Maintenance 
Uses, excluding vehicle paint finishing shops, that repair, install or maintain the me-

chanical components or the bodies of autos, small trucks or vans, motorcycles, mo-

tor homes or recreational vehicles including recreational boats or that wash, clean 

or otherwise protect the exterior or interior surfaces of these vehicles. 

e. Personal Vehicle Sales and Rentals 
Uses that provide for the sale or rental of new or used autos, small trucks or vans, 

trailers, motorcycles, motor homes or recreational vehicles including recreational 

boats. Typical examples include automobile dealers, auto malls, car rental agencies 

and moving equipment rental establishments (e.g., U-haul). 

f. Vehicular Equipment and Supplies Sales and Rentals 
Uses related to the sale, lease or rental of new or used parts, tools or supplies for 

the purpose of repairing or maintaining vehicles. 

g. Vehicle Body and Paint Shop 
Uses that primarily conduct vehicle body work and repairs or that any uses that ap-

ply paint to the exterior or interior surfaces of vehicles by spraying, dipping, flow-

coating or other similar means. 

 Wholesale, Distribution & Storage Use Category 
This category includes uses that provide and distribute goods in large quantities, principally 

to retail sales, commercial services or industrial establishments. Long-term and short-term 

storage of supplies, equipment, commercial goods and personal items is included. The 

wholesale, distribution & storage subcategories are as follows.  

1. Equipment and Materials Storage, Outdoor  
Uses related to outdoor storage of equipment, products or materials, whether or not 

stored in containers. 

2. Trucking and Transportation Terminals 
Uses engaged in the dispatching and long-term or short-term storage of trucks, buses 

and other vehicles, including parcel service delivery vehicles, taxis and limousines. Mi-

nor repair and maintenance of vehicles stored on the premises is also included. Includes 

uses engaged in the moving of household or office furniture, appliances and equipment 

from one location to another, including the temporary on-site storage of those items. 

3. Warehouse 
Uses conducted within a completely enclosed building that are engaged in long-term 

and short-term storage of goods and that do not meet the definition of a “self-service 

storage facility” or a “trucking and transportation terminal.”  

4. Wholesale Sales and Distribution 
Uses engaged in the wholesale sales, bulk storage and distribution of goods. Such uses 

may also include incidental retail sales and wholesale showrooms. Expressly includes 

the following uses bottled gas and fuel oil sales, flea markets, ice distribution centers, 

monument sales, portable storage building, sales, vending machine sales, linen supply 

and dry cleaning/laundry plants with a maximum gross floor area of 5,000 square feet, 

auctioneers, cabinet makers, drapery services, frozen food lockers and woodworking 

shops. 
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 Industrial Use Category 
This category includes uses that produce goods from extracted and raw materials or from 

recyclable or previously prepared materials, including the design, storage and handling of 

these products and the materials from which they are produced. The industrial subcatego-

ries are: 

1. General Industrial 
Manufacturing and industrial uses that process, fabricate, assemble, treat or package 

finished parts or products without the use of explosive or petroleum materials. 

2. Intensive Industrial 
Manufacturing and industrial uses that regularly use hazardous chemicals or procedures 

or produce hazardous or noxious byproducts, including the following: manufacturing of 

acetylene, cement, lime, gypsum or plaster-of-Paris, chlorine, corrosive acid or ferti-

lizer, insecticides, disinfectants, poisons, explosives, paint, lacquer, varnish, petroleum 

products, coal products, plastic and synthetic resins and radioactive materials. This sub-

category also includes petrochemical tank farms, gasification plants, smelting, animal 

slaughtering, oil refining, asphalt and concrete plants and tanneries. Intensive industrial 

uses have high potential for external impacts on the surrounding area in terms of noise, 

vibration, odor, hours of operation and truck/commercial vehicle traffic. 

3. Junk or Salvage Yard 
An area or building where waste or scrap materials are bought, sold, exchanged, stored, 

baled, packed, disassembled or handled for reclamation, disposal or other like pur-

poses, including but not limited to automobiles, scrap iron and other metals, paper, 

rags, rubber tires and bottles. This use subcategory does not apply to property used for 

bona fide farm purposes, including the production and activities relating or incidental to 

the production of crops, fruits, vegetables, ornamental and flowering plants, dairy, live-

stock, poultry, and all other forms of agricultural products having a domestic or foreign 

market.  

4. Mining/Extraction 
The extraction of oil, gas, minerals, or aggregate resources from the ground. Examples 

include oil and gas extraction; quarrying or dredging for sand, gravel or other aggregate 

materials; mining and top soil extraction. Also includes crushing, washing and grading 

minerals, top soil or aggregate resources; manufacture of Portland cement, concrete or 

asphaltic concrete, at the source of supply of crushed rock, sand, or gravel. 

 Recycling and Waste-Related Use Category 
This category includes uses that collect, store or process recyclable or waste material for 

the purpose of marketing or reusing the material in the manufacturing of new, reused or 

reconstituted products or for disposal of the material. 

1. Construction and Demolition Debris Recycling  
Establishments that receive and process general construction or demolition debris for 

recycling. 

2. Recyclable Material Processing Center 
Establishments that receive and sort, distribute or process recyclable commodities for 

subsequent use in the secondary market. Also includes recycling collection facilities 

that do not meet the definition of a “solid waste convenience center.” 
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3. Landfills 

a. Sanitary 
Land and facilities used as a permanent disposal place for garbage, trash, and other 

types of solid wastes in accordance with NCGS Chapter 130A, Article 9.  

b. Construction and Demolition Debris 
Land and facilities used for the disposal of materials allowed in a reclamation land-

fill or construction material consisting of debris associated with the construction or 

demolition of buildings, and industrial solid waste as defined in the ENR-Division of 

Waste Management Regulations effective January 9, 1997. “On-site” facilities are 

for those wastes produced from on-site clearing and building construction. “Off-

site” facilities area for those wastes that are transported from other sites.  

c. Reclamation 
An operation that consists of the dumping of uncontaminated soil, sand, gravel, 

rocks, stumps, limbs, and leaves on a tract of land for the purpose of raising the ele-

vation of such land.  

4. Solid Waste Convenience Center 
A collection point for the temporary storage of solid waste and consumer recyclable 

material provided for individual solid waste/recyclable material generators within the 

county who choose to transport solid waste/recyclable material generated on their own 

property to an established point, rather than directly to a disposal or collection facility. 

A convenience center may not receive waste/recyclable material from collection vehi-

cles that have collected waste/recyclable material from more than one real property 

owner. 

5. Solid Waste Transfer Station 
A facility where solid waste/recyclable materials, including yard waste, demolition ma-

terials, and household refuse, are transferred from small vehicles to large trucks for effi-

cient transport to landfills, recycling centers, and other disposal sites. 

 Agriculture and Agriculture-related (non-exempt) Use Category 
This category includes agricultural uses that do not qualify as bona fide farms, which are 

exempt from the zoning regulations of this ordinance. It also includes uses and activities 

that are directly related to agriculture and that are necessary to provide service and finan-

cial support for farming and agriculture uses. 

1. Agribusiness 
Commercial activities offering goods and services which support production of agricul-

tural products or processing of those products to make them marketable. Examples in-

clude, but are not limited to, soil preparation, animal and farm management, landscap-

ing and horticultural services, specialized commercial horticulture, specialized animal 

husbandry, biocide services, retail sales of farm/garden products, supplies and equip-

ment, equipment rental and repair service, tack shop, farrier, blacksmith, welding 

shops, facilities for animal shows, animal sales and auctions, agriculture-based 

clubs/meeting halls, storage of agricultural supplies and products, and processing 

plants for agricultural products including wineries and canneries. 
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2. Agriculture, Non-exempt 
Production and activities relating to or incidental to the production of crops, fruits, veg-

etables, ornamental and flowering plants, dairy, livestock, poultry, and other forms of 

agricultural products having a domestic or foreign market, not including bona fide 

farms (see bona fide farm zoning exemption in Section 1.050). 

3. Agritourism 
Farm-related enterprises that operate for the enjoyment and education of the public 

and that combine tourism and agriculture. Agritourism uses include those that are for-

profit and those that are provided free of charge to the public, including all of the fol-

lowing: 

a. Agriculture Cultural Center 
A facility established for the purpose of educating the public about agricultural ac-

tivities, or the heritage and culture of agricultural activities. In addition, this use 

subcategory included museums dedicated solely to agriculture themes and living 

history farm sites.  

b. Agritainment 
Events and activities that allow for recreation, entertainment, and tourism in con-

junction with agriculture support and services directly associated with ongoing ag-

ricultural activities on-site that are for-profit. Events and activities include the fol-

lowing: hay rides, corn mazes, hay mazes, petting zoos (farm animals only) and ag-

ricultural festivals.  

c. Corn Maze 
A labyrinth utilizing an agricultural crop, such as corn, to create a system of paths.  

d. Eco-Tourism Enterprise 
Tourism activities and facilities that focus on visitation and observation of or ed-

ucation about natural history, indigenous ecosystems, native plant or animal spe-

cies, natural scenery or other features of the natural environment. Eco-tourism en-

terprises may include cultural activities related to such activities or work projects 

that help conserve or safeguard the integrity of a natural feature, habitat, or eco-

system.  

e. Farm Markets 
An on-site, accessory use to a working or active farm that includes the sale of horti-

culture or agricultural products, including, perennial, annuals, bulbs, dried flowers, 

compost, Christmas trees, fresh produce, honey, cider, and similar agricultural 

products. A minimum of 50% of the products sold must be agricultural products 

produced on-site.  

f. Farmer's Market, Community-Scale 
A facility with a maximum area of less than 5,000 square feet in gross floor area or 

ground area that sells or provides fresh agricultural products directly to the con-

sumer in a market setting. Farmer's markets may include multiple vendors who of-

fer homegrown produce raised by the vendor or produce bought by the vendor on 

consignment, for retail sale. 



Article 25 | Allowed Uses 
Section 25.020 | Use Categories 

Effective October 6, 2014 page 25-22 Amendments through 11.03.2014 

g. Farmer's Market, Regional-Scale 
A facility that is 5,000 square feet in gross floor area or ground area that sells or 

provides fresh agricultural products directly to the consumer in a market setting. 

Farmer's markets may include multiple vendors who offer homegrown produce 

raised by the vendor or produce bought by the vendor on consignment, for retail 

sale.  

h. Restaurant, Farm-based 
Restaurants on tracts occupied by a working farm that serve food and beverages 

primarily to customers seated at tables or counters located within a building or des-

ignated outdoor seating areas. At a minimum, 50% of the food served at this type 

of restaurant must be grown on-site, or on tracts that are part of the subject farm.  

i. Participatory Farms 
Farm-based, tourism-driven enterprises where individuals or groups pay to partici-

pate on a working farm or dude ranch.  

j. Rural Retreat  
An establishment that is part of a working farm that provides temporary overnight 

accommodations for individuals or groups engaged in supervised training or per-

sonal improvement activities. Examples include corporate retreat facilities, educa-

tional retreat facilities and working farm learning centers. Restaurants are an al-

lowed accessory use. 

k. Wine Tasting Room 
A facility in which wine products grown or processed on the owner's property may 

be tasted and sold. This definition may include the following as ancillary uses: 

gift/retail sales, assembly areas and meeting rooms.  

l. Winery 
A manufacturing facility or establishment engaged in the processing of grapes to 

produce wine or wine-like beverages. 

 Other Use Category 
This category includes uses that do not fit the other use categories. 

1. Drive-in or Drive-through Facility 
Any use with drive-through windows or drive-through lanes or that otherwise offer ser-

vice to the occupants of motor vehicles. Typical uses include drive-through restaurants, 

drive-through pharmacies and drive-in restaurants. Note: drive-in or drive-through fa-

cilities are allowed only in conjunction with uses that are expressly allowed. A drive-

through restaurant (eating place) is allowed, for example, only in those zoning districts 

that allow both eating places and drive-in/drive-through facilities. 

2. Wireless Telecommunications Facility 
Any wireless facility or wireless support structure.  

a. Wireless Facility 
The set of equipment and network components, exclusive of the underlying wire-

less support structure, including, but not limited to, antennas, accessory equip-

ment, transmitters, receivers, base stations, power supplies, cabling and associated 

equipment necessary to provide wireless telecommunications services. 
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b. Wireless Support Structure 
A freestanding structure, such as a monopole or tower, designed to support wire-

less facilities. 

.  
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 Adult Uses 

 Purpose 
The purpose of the adult use regulations of this section is to provide areas in which adult 

entertainment or sexually oriented business may be established. Because of their very na-

ture, these adult uses/establishments, adult hotel/motels, adult video stores, and adult lin-

gerie modeling studios, are recognized as having serious objectionable operational charac-

teristics upon adjacent neighborhoods and residential or institutional uses. It has been 

demonstrated that the establishment of adult businesses often creates problems for law 

enforcement agencies, by the very nature of these businesses and the difficulty often expe-

rienced in trying to determine if the operations are of a legal nature. Special regulation of 

these establishments is necessary to insure that these adverse effects will not contribute to 

a de facto downgrading or blighting of surrounding neighborhoods and uses. It is the intent 

of this section to restrict the concentration of these uses and to separate these uses from 

residential and institutional uses or areas.  

 Regulations 

1. General 
All adult uses/establishments, adult hotel/motels, adult video stores, and adult lingerie 

modeling studios must obtain a special use permit and comply with all of the supple-

mentary regulations of this section. In addition, a site plan and vicinity map along with 

any other information as required by this ordinance, must be submitted to the Adminis-

trator to verify compliance.  
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2. Advertisements and Sound 
No printed material, slide, video, photograph, written text, live show, or other visual 

presentation format shall be visible from outside the walls of any adult use/ establish-

ment, adult hotel/motel, adult video store, or adult lingerie modeling studio. No live or 

recorded voices, music, or sound shall be audible from outside the walls of the adult/use 

establishment, adult hotel/motel, adult video store, or adult lingerie modeling studio.  

3. Over-concentration 
No more than one adult use/establishment, adult hotel/motel, adult video store, or 

adult lingerie modeling studio may be located within a 2,000-foot radius. This is deter-

mined by straight line and not street distance to any portion of the adult use/establish-

ment, adult hotel/motel, adult video store, or adult lingerie modeling studio structure 

or parking area.  

4. Proximity to Other Uses 
No adult use/establishment, adult hotel/motel, adult video store, or adult lingerie mod-

eling studio may be located within a 1,000-foot radius of any residential zoning district; 

dwelling unit; church, synagogue, temple or other place of worship; school; day care; or 

public park or playground. This is determined by straight line and not street distance to 

any portion of the adult use/establishment, adult hotel/motel, adult video store, or 

adult lingerie modeling studio structure or parking area.  

5. Other 

a. Except for an adult hotel/motel, no adult use/establishment, adult video store, or 

adult lingerie modeling studio may have sleeping quarters or private rooms.  

b. There may not be more than one adult use/establishment, adult hotel/motel, adult 

video store, or adult lingerie modeling studio on the same property or in the same 

building or structure.  

c. The maximum gross floor area of any allowed adult use/establishment, adult ho-

tel/motel, adult video store, or adult lingerie modeling studio may not exceed 5,000 

square feet.  

 Agribusinesses 
Agribusiness uses in the RA-40 district are subject to all of the following regulations: 

 The lot where the agribusiness use is located must have sufficient frontage along a boule-

vard or thoroughfare street so that the principal means of ingress and egress for the use 

comes along such street.  

 No building or structure that houses any part of the agribusiness use may be located within 

500 feet of any existing dwelling unit (other than a residence owned by the applicant) that is 

occupied, held ready for occupancy, or under construction on the date the permit is issued.  

 An opaque screen must be installed on all sides of the property containing the agribusiness 

use (except a side that borders a public street) to provide visual screening for adjacent prop-

erties. The required screen must comply with §55.090-C. 

 Agribusiness uses may not have truck pick-up or delivery traffic before 7:00 a.m. or after 

7:00 p.m.  
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 In order to approve the special use permit, the board of adjustment must find that the pro-

posed use will not substantially injure the value of abutting or neighboring properties. A pe-

tition signed by all owners of properties entitled to receive notice of the special use permit 

hearing, and stating that such property owners believe their property values will not be ad-

versely affected by the proposed use, constitutes sufficient evidence for the board of ad-

justment to make this required finding, but does not obligate the board of adjustment to 

approve the special use permit. Other types of evidence may also be considered by the 

board of adjustment.  

 Campsites, Campgrounds and RV Parks 

 Required Reviews 
Campsites, campgrounds and RV parks require review and approval by authorized local and 

state agencies in addition to reviews and approvals required under this ordinance. 

 Permanent Residency Prohibited 

1. No camping space or camping unit may be used as a permanent residence. Continuous 

occupancy extending beyond 3 months in any 12-month period will be presumed to 

constitute permanent residency.  

2. The wheels of a recreational vehicle may not be removed except for temporary pur-

poses of repair. 

 Minimum Land Area 

1. Primitive campsites require a minimum land area of 2 acres. 

2. Modern campgrounds and RV parks require a minimum land area of 25 acres. 

3. Each camping site must have a minimum area of 2,500 square feet with a minimum 

width of 40 feet.  

4. Where cabins are to be used, a minimum of 20,000 square feet of area must be pro-

vided per cabin. Clustering is allowed provided the minimum site area is allotted. 

 Spacing of Camping Units 
Camping units must be separated from one other and from other structures by a minimum 

distance of at least 10 feet. No part of a recreational vehicle or other unit placed on a camp-

ing unit site may be closer than 5 feet to a site line. 

 Water, Sewer and Sanitation 

1. Water supply, sewage disposal, sewage collection, other sanitary facilities and insect 

and rodent control plans and specifications must be approved by the authorized local 

and state agencies. 

2. Sanitary facilities such as a toilet, lavatory, and bathing facilities must be provided in 

the following minimum numbers: 

a. Every campground must have at least one toilet for each sex, except that in iso-

lated campgrounds limited to infrequent or casual use and where access is by foot, 

horseback, or trail vehicles, one privy or toilet may be utilized by both sexes. 

b. A water supply must be provided by a hand pump or water spigot. 
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c. Where a campground is designed and operated for exclusive use by independent or 

self-contained camping vehicles only, at least one toilet and one lavatory must be 

provided for each sex at the rate of one for every 100 camping unit sites or fraction 

thereof. 

d. Where a campground accepts or accommodates dependent camping vehicles and 

camping equipment campers, at least one toilet and one lavatory must be provided 

for each sex at the rate of one each for every 15 camping unit sites or fraction 

thereof, and at least one shower must be provided for each sex for every 30 camp-

ing unit sites or fraction thereof. Lavatories must be provided at each building con-

taining toilet facilities. 

3. One recreational vehicle disposal station must be provided for each 100 recreational 

vehicle sties, or fraction thereof, that are not equipped with individual sewer and water 

connections. Each station must be level, have convenient access from the service road, 

and provide easy ingress and egress. Sanitary disposal stations must be constructed 

according to specifications approved by authorized local and state agencies. 

4. Pads must be provided for all trash and recycling containers. Such container pads must 

be designed to prevent containers from being tipped, to minimize spillage and con-

tainer deterioration, and to facilitate cleaning of surrounding areas. Dumpsters must be 

screened in accordance with §55.080-B. 

 Accessory Uses 
Accessory uses, such as management headquarters, recreational facilities, toilets, dumping 

stations, showers, coin-operated laundry facilities, and other uses and structures customar-

ily incidental to the operation of a campground are permitted as accessory uses. 

 Common Open Area 
A minimum of 8% of the gross site area of the campground must be set aside as common 

use areas for open or enclosed recreation. 

 Streets 

1. Streets and driveways may be private, but must be constructed with a stabilized travel 

way (marl, shell, paving or other county-approved material) and meet the following 

minimum stabilized travel way width requirements: 

Table 30-1: Street and Driveway Standards for Campgrounds 
Street/Drive Design Minimum Width (feet) 

One-way, no parking 11 feet 
One-way with parking on one side, or two-way with no parking 18 feet 
Two-way with parking on one side 27 feet 
Two-way with parking on both sides 34 feet 

2. Street name signs and traffic control signs must be placed throughout the campground, 

where appropriate. 

 Parking Spaces 

1. At 1.5 parking spaces must be provided in the campground per camping unit site. At 

least one parking space must be provided at each site. Additional off-street parking 

may be provided in common areas or on individual sites.  
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2. Parking spaces must have a stabilized surface of shell, marl, paving, or other county-

approved material. 

 Street Access; Ingress and Egress 

1. All campgrounds must be provided with safe and convenient vehicular access from an 

improved public street. The North Carolina Department of Transportation must ap-

prove all access and entrance locations and improvements before the issuance of a per-

mit. 

2. Entrances and exits to campgrounds must be designed for safe and convenient move-

ment of traffic into and out of the campground and to minimize conflicts with free 

movement of motorized and nonmotorized travel on adjacent streets and sidewalks. 

All traffic into and out of the campground must be through such entrances and exits. 

Entrances or exits that require a turn at an acute angle for vehicles moving in the direc-

tion intended are prohibited. Radii of curbs and pavements at intersections must facili-

tate easy movements for recreational vehicles.  

 Buffers 
A minimum 50-foot buffer area must be provided between any camping unit site and abut-

ting property lines and public streets. These buffers must remain as vegetated open space 

and may be counted toward meeting common open area requirements. 

 Fire Safety 
Fireplaces, fire pits, charcoal braziers, wood burning stoves, or other cooking facilities must 

be located, constructed, maintained and used to minimize fire hazard and smoke nuisance 

in the campground and the neighborhood properties. 

 Cemeteries  
Burial plots must be set back at least 40 feet from all cemetery lot lines and street rights-of-way.  

 Continuing Care Facilities 

 When used as a continuing care facility, the density and number of units permitted may be 

doubled in the RA-200, RA-40, R-40, RA-20, R-20, R-15, and R-10 zoning districts.  

 Whenever the gross floor area of a continuing care facility is more than 20,000 square feet 

or a lot is less than 20,000 square feet, the development must be served by central water 

and central sewer.  

 Dependent Care Residence (Temporary) 

 In order to approve a temporary dependent care residence, the board of adjustment must 

find that a personal hardship situation exists. The hardship must involve the need to care for 

elderly family members or other dependents of the family occupying the principal dwelling. 

Reasons justifying the need for separate quarters include incompatibility, contagious dis-

ease, illness, or lack of suitable space within the principal dwelling. A monetary hardship 

does not quality as a personal hardship.  

 Special use permits authorizing temporary dependent care residences may be issued for a 

maximum of 6 months, but may be renewed for successive 6-month periods for so long as 

the hardship continues to exist. Application for renewal of the permit must be made at least 

30 days before the expiration date.  
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 Temporary dependent care residences must be served by approved water and sewer sys-

tems and maintained so as not to create nuisance conditions or adversely affect the visual 

character of the surrounding residential area.  

 Authorized temporary dependent care residences are not counted in calculating density but 

are subject to applicable setback and building height regulations.  

 Driving Ranges and Par-3 Golf Courses 

 Lighting must be directed away from residential areas or otherwise shielded to prevent 

glare on neighboring properties.  

 An opaque (Type A) screen must be installed on all sides of the property that do not border 

public streets.  

 Vehicular access to lots in R zoning districts must be provided from a thoroughfare or higher 

street classification. Access from local streets is prohibited.  

 Snack bars, club houses, pro shops and similar accessory uses must be set back at least 300 

feet from lots occupied by residential uses or platted for residential use. Parking must be set 

back at least 200 feet from lots occupied by residential uses or platted for residential use.  

 Netting must be installed to keep golf balls within the golf driving range area.  

 Putting greens must be set back at least 100 feet from lots occupied by residential uses or 

platted for residential use.  

 The depth of a golf driving range (along the driving axis) must be at least 350 yards, meas-

ured from the location of the tees. The width must be at least 200 yards, measured at a dis-

tance of 350 yards from the tees.  

 Driving ranges and par-3 golf courses require a minimum site area of 10 acres when located 

in R districts. 

 Entertainment and Spectator Sports 
Entertainment and spectator sports uses are subject to the following regulations, as indicated. 

 Minor Outdoor Entertainment and Spectator Sports 
Proposed minor outdoor entertainment and spectator sports uses proposed to be located in 

R districts must be separated by a distance of at least 200 feet from any other R-zoned lot.  

 Major Outdoor Entertainment and Spectator Sports 

1. Proposed major outdoor entertainment and spectator sports uses proposed to be lo-

cated in R districts must be separated by a distance of at least 500 feet from any other 

R-zoned lot.  

2. Major outdoor entertainment and spectator sports uses require special use approval in 

accordance with 80.100-A. The special use application must be accompanied by a de-

velopment and operating plan that includes all of the following: 

a. A site plan drawn to scale depicting public assembly and activity areas, site im-

provements, road access, driveways, parking areas and sanitary facilities; 

b. A description of facilities for any animals involved in the planned activities; 
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c. The methods proposed to control dust, erosion, odor, noise, glare, waste disposal 

(manure, trash, etc.) and traffic congestion; 

d. A transportation impact study and a traffic management plan; 

e. A lighting plan demonstrating compliance with the outdoor lighting regulations of 

Section 55.130. 

f. The hours of operation; 

g. The projected number of people on the property during activities; 

h. A description of all items for sale during event activities, such as food, beverages 

and souvenirs; and 

i. Additional information as may be required by the administrator to enable compe-

tent review of the required special use permit. 

 Landfills  

 Demolition and Reclamation Landfills 
Reclamation landfills not exceeding one acre in area and on-site demolition landfills are per-

mitted as of right in all zoning districts, subject to the following regulations:  

1. Solvents, chemicals, liquid paint, asbestos, food or food by products or any infectious or 

hazardous substance are prohibited.  

2. Operators must maintain valid permits and comply with all applicable regulations of 

authorized local and state agencies.  

3. The landfills may be operated for a maximum period of 24 months, after which time it 

must be closed in an approved fashion. On-site demolition landfills located in an indus-

trial zoning district are exempt from the 24-month closing requirement, provided that 

no portion of the site is located within 100 feet of any R-zoned lot or within 100 feet of 

lots occupied by residential use or platted for residential use.  

4. The location of any landfill site must be indicated on the final subdivision plat. If no sub-

division plat is required, the landfill site must be identified by a legal description as part 

of the deed for the lot or tract and/or be recorded by a plat map. A zoning compliance 

permit may not be issued until proof of recordation is presented to the administrator.  

 Other Landfills 
All landfills over one acre in area (except for reclamation landfills not exceeding one acre 

and on-site demolition landfills) are subject to the following regulations:  

1. Setback Requirements 
Unless a written waiver is granted by the abutting property owner, no portion of any 

landfill may be located within 100 feet of any lot line. This includes structures, offices, 

equipment storage, parking and fill areas, except that access drives may cross such ar-

eas. Operation within 100 feet of an exposed body of water or mine shaft opening is 

prohibited, with no exceptions.  

2. Screening 
Existing trees and vegetation must be maintained within 100 feet of abutting lot lines 

and any public street right-of-way. Where the natural growth within 100 of abutting lot 
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lines and street rights-of-way does not comply with the S2, high-profile screening 

standards of §55.090-C to effectively screen the landfill site from the view from abut-

ting properties and rights-of-way, then screening in accordance with the requirements 

of §55.090-C must be provided. Access to the site may cross this 100-foot screening 

buffer.  

3. Hours or Operation 
Landfills may only operate from 8:00 a.m. until sunset. Sunday operation is prohibited.  

4. Access 
Vehicular access to the landfill site must be provided from a state-maintained thor-

oughfare or higher classification street. Access from the state-maintained thoroughfare 

or higher classification street must be paved with asphalt or concrete for the first 25 

feet and to a minimum width of 20 feet. If a shared easement, right-of-way, or driveway 

provides access, such roadway must have a minimum width of 20 feet and be surfaced 

with an all-weather material. The roadway must be maintained by the landfill operator 

up to such landlocked tract. Although not required to be paved, all other roads within 

the landfill site must be maintained to minimize dust and airborne particles. A metal 

fence and gate, sufficient to block access to the site, must be located at all entrances to 

the landfill site and must be locked when the landfill is not in operation. An attendant 

must be on-site during all hours of operation.  

5. Flood Area 
Filling of any type is prohibited in any portion of a special flood hazard area.  

6. Closure 
The landfill site must be permanently closed when the reclamation area or landfill site 

has been filled or reached capacity.  

7. Sedimentation/Erosion Control 
Before any permit is issued or any work commences, the operator must file with the 

administrator a copy of the approved sedimentation/erosion control plan and letter of 

approval from authorized local and state agencies (e.g., North Carolina Department of 

Environment and Natural Resources).  

8. Health Permits 
Landfill operations must maintain a valid permit from and comply with all applicable 

regulations of authorized local and state agencies.  

9. Site Recordation 
A plat map and/or metes and bounds legal description designating the lot and landfill 

boundary area must be recorded in the register of deeds office before the issuance of a 

zoning compliance permit by the administrator.  

 Livestock and Poultry 
Except where livestock or poultry are kept on a bona fide farm that is exempt from regulations under this 

ordinance, all areas where livestock or poultry are housed must be set back at least 150 feet from all lot lines. 

This setback is not required from lot lines abutting a lot that is under the same ownership as the subject lot.  
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 Manufactured Housing Units 

 All manufactured housing units, whether located inside or outside of manufactured housing 

parks, must have a continuous curtain wall, unpierced except for required ventilation and 

access, installed under the home after placement on the lot and before occupancy.  

 All manufactured housing units located outside of manufactured housing parks must be 

sited on the lot so that the front door of the unit is parallel or substantially parallel to the 

road upon which the lot fronts.  

 Class A and class B manufactured housing units located outside of manufactured housing 

parks must have a permanent masonry curtain wall, but if stucco is used, it may be applied 

to a masonry foundation only. In all other circumstances, a curtain wall or skirting com-

posed of vinyl, masonite, fiberglass, treated lumber, or similar weather-resistant material is 

acceptable. Stucco alone does not meet these requirements. 

 If a special use permit is required, the board of adjustment may not approve the special use 

permit unless the board of adjustment makes an affirmative finding that the proposed use 

will not substantially injure the value of abutting or neighboring properties. A petition 

signed by all owners of properties entitled to receive notice of the special use permit hear-

ing, and stating that such property owners believe their property values will not be ad-

versely affected by the proposed use, constitutes sufficient evidence for the board of ad-

justment to make this required finding, but does not obligate the board of adjustment to 

approve the special use permit. Other types of evidence may also be considered by the 

board of adjustment. 

 Manufactured Housing Units, Temporary 

 Temporary residences used on construction sites of nonresidential premises must be re-

moved immediately upon the completion of the project.  

 Permits for temporary residences to be occupied pending the construction, repair, or reno-

vation of the permanent residential building on a site expire 9 months after the date of issu-

ance, except that the administrator may renew such permit for one additional period not to 

exceed 3 months if the administrator determines that renewal is reasonably necessary to 

allow the proposed occupants of the permanent residential building to complete the con-

struction, repair, renovation or restoration work necessary to make such building habitable.  

 Temporary residences must be a Class A, B, or C manufactured housing unit; travel trailers 

or campers do not qualify. The applicant must obtain or have a valid residential dwelling 

building permit for the principal structure on the lot when applying for a permit for a tem-

porary residence on the same lot.  

 Manufactured Housing Parks 

 Required Reviews 
Manufactured housing parks are subject to review and approval by authorized local and 

state agencies in addition to reviews and approvals required under this ordinance. 

 Minimum Land Area 
Manufactured housing parks require a minimum land area of 2 acres and must include sites 

for at least 5 manufactured housing units. 
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 Building Additions 
No living compartment or structure other than a Florida room, or other prefabricated struc-

ture, specifically designed for manufactured housing unit use or extension, may be added to 

any manufactured housing unit. Porches covered with a roof and open on at least 3 sides are 

also allowed. 

 Offices 
An administrative office is allowed within the manufactured housing park, provided it com-

plies with the North Carolina building code and all county development regulations.  

 Setbacks 
Zoning district setback requirements apply to each manufactured housing unit site. 

 Accessory Structures 
One accessory structure per site may be constructed or placed in the rear yard area. Such 

structure may not exceed 100 square feet in area and must be set back at least 10 feet from 

all lot lines. 

 Circulation and Parking  

1. Streets must be paved and constructed in accordance with North Carolina Department 

of Transportation standards. 

2. Maintenance of street within the park must be provided by the owners of the park, un-

less dedication is made and accepted by the state for adding to the state road system. 

3. All manufactured home park sites must be serviced by interior streets. Park sites may 

not take direct driveway access to a state-maintained road. 

4. Street name signs and traffic control signs must be placed throughout the manufac-

tured housing park, where appropriate. 

5. A minimum of 2 off-street vehicle parking spaces paved or surfaced with at least 4 

inches of gravel, must be provided adjacent to each manufactured housing unit space. 

Required parking may not be located on streets or drives within the park. 

6. One driveway servicing not more than 2 sites may be created for every 25 sites that are 

serviced by interior streets. 

 Refuse and Recycling Area 
Pads must be provided for all trash and recycling containers. Such container pads must be 

designed to prevent containers from being tipped, to minimize spillage and container dete-

rioration, and to facilitate cleaning of surrounding areas. Dumpsters must be screened in 

accordance with §55.080-B. 

 Open Space and Recreational Areas 

1. Adequate and suitable open space and recreation areas to serve the anticipated popula-

tion of the park must be provided and consist of at least 10,000 square feet of land area 

per 25 manufactured home sites or fraction thereof.  

2. Required recreational facilities and open space areas may not be placed in an area uti-

lized for septic tank filter fields. 
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 Mining/Extraction Uses 

 All mining and extraction uses require review and approval in accordance with the special 

use procedures of 80.100-A.  

 Before special use approval is granted to any property, the applicant must first obtain a 

mining permit from the appropriate state and federal agencies. A copy of the permit to-

gether with such documents as were required to obtain such permit, including, but not lim-

ited to, any site plans, operations plans, approved reclamation plans and any maps, must be 

included with the special use application. A report prepared by a registered mining engineer 

must also be included.  

 The following additional regulations apply to mining and extraction uses:  

1. The area covered by the state or federal mining permit must be greater than 10 acres;  

2. Mining must be on an industrial extraction basis only and is not permitted by hobbyists 

or others not engaged in the mineral extraction business; and 

3. The outer limits of any extraction area where mining is allowed must be at least 50 feet 

from all property lines and at least 150 feet from any R-zoned lot or any lot occupied by 

a residential use. 

 Radio or Television Broadcast Tower 
Radio and television broadcast towers and related facilities are subject to the supplemental use regula-

tions of this section. 

 All towers must be set back from all abutting R-zoned lots by a minimum distance of 200 

feet or a distance the engineering-rated fall zone of the tower, whichever results in a 

greater setback. 

 A minimum 8-foot high security fence is required around the radio/television tower and guy 

wire anchor locations, and features must be installed on the fence or tower to prevent 

climbing by unauthorized persons. Permit-issuing authorities are authorized to waive fence 

requirements if it is determined that a fence would serve no useful purpose.  

 Landscape screening that meets at least the minimum requirements for an S2 screen (see 

§55.090-C) must be provided along the outside area of the perimeter fenced to mitigate the 

visual impacts of the tower base, equipment buildings and guy wire anchor locations from 

nearby viewers. The permit-issuing authority is authorized to waive or modify these screen-

ing requirements upon determining that the existing topography or existing natural materi-

als on the site will screen the property as effectively as the otherwise required screening .  

 Towers with a height of less than 200 feet may not contain lights or light fixtures at a height 

exceeding 15 feet, unless required by the Federal Aviation Administration. All allowed light-

ing must be directed toward the tower or accessory uses in a manner that eliminates glare 

onto adjacent properties. Towers with a height of 200 feet or more may have lighting as 

required by the Federal Aviation Administration.  

 All guy wire anchors are subject to the minimum building setback requirements of the sub-

ject zoning district. 
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 Recyclable Material Processing Center 
The regulations of this section apply to all recyclable material processing centers. 

 Recyclable material processing facilities may not accept or process construction or demoli-

tion debris. 

 All putrescible waste must be processed and stored within completely enclosed buildings. 

 The material recycling facility must be operated in a safe, sanitary, and litter-free manner 

that protects human health and the environment. 

 Dust, odors, noise, and other nuisances resulting from the operation of the material recy-

cling facility must be minimized to the greatest extent practicable. 

 Unauthorized entry into recyclable material processing facilities must be prevented. 

1. Measures to prevent unauthorized entry include appropriate signs located at entrances 

and other locations in a sufficient number and size to be seen from any approach to the 

facility and may include fencing where appropriate. 

2. If recyclable commodities are accepted directly from the public: 

a. A designated and clearly identified public consumer recyclable commodities ac-

ceptance area that minimizes the potential for accidents and unauthorized entry 

into non-public areas of the recyclable material processing facility must be pro-

vided; and 

b. The types of consumer recyclable commodities accepted from the public and the 

containers in which they are accepted must be clearly identified. 

 If the material processing facility is located on a site where activities other than the recy-

cling of consumer recyclable commodities occur, the recycling of consumer recyclable com-

modities must be kept separate from all other activities at the site. 

 Outdoor storage must be screened from view with a solid fence or wall at least 6 feet and 

no more than 8 feet in height. Stored material may not exceed the height of the fence or 

wall. 

 Shooting Range 
The regulations of this section apply to all outdoor shooting ranges. 

 A site plan sealed by a North Carolina registered engineer must be submitted attesting that 

the proposed shooting range plan complies with all applicable safety and design standards 

for outdoor firing range provisions and live fire shoot houses set out in Section 4, Outdoor 

Range Design; Section 6, Live Fire Shoot House; and Attachments 1-2 through 120, of the 

Range Design Criteria (June 2012) as published by the U.S. Department of Energy’s Office 

of Health, Safety and Security for the type of shooting range proposed; except that Section 

4.b(10), the words “or administrative” in the first sentence of Section 4.c(7), the second sen-

tence of Section 4.c(7) and Section 6.a(1) do not apply to outdoor shooting ranges under 

this ordinance.  

 The detailed site plan must show the boundary of the subject property in its entirety and 

depict all discernible, existing uses and structures within 300 feet of the subject property’s 

boundary.  
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 Surface danger zones must be located entirely on the subject property and must be de-

signed to contain all projectiles and debris caused by the type of ammunition, targets and 

activities to be used or to occur on the property. The layout of the proposed range with the 

accompanying safety fans must be delineated on the required site plan. All firing stations 

must be set back at least 180 feet from all boundaries of the subject property.  

 A minimum 60-foot buffer, undisturbed except for fence installation and vegetative plant-

ing, must be provided around the entire perimeter of the subject property and be deline-

ated on the site plan.  

 Shooting ranges must have direct access to a state-maintained road.  

 Unauthorized access to the shooting range facility must be controlled while firearms are 

being discharged.  

 The developer/operator of the shooting range facility must provide to the administrator at 

the time of application for permits or final inspection, a certification prepared by a North 

Carolina registered engineer that the shooting range facility has an environmental steward-

ship plan, which may include semi-annual soil and water sampling, regular liming of the soil 

to prevent lead migration, reclamation and recycling of the lead and is compliant with the 

Best Management Practices, specifically relating to lead management, as specified by the 

Environmental Protection Agency’s Best Management Practices for Lead at Outdoor Shoot-

ing Ranges.  

 Stables and Riding Academies 
Stables and riding academies are subject to the following regulations:  

 Stables and riding academies may not keep more than one horse per acre of land area on 

the subject lot. Colts or fillies less than 6 months of age are not counted for purpose of this 

animal density regulation. The number of horse stalls may not exceed the number of horses 

allowed by these regulations 

 Barns and similar structures used to house horses must be set back in accordance with the 

following minimum requirements:  

1. 50 feet from lot lines; and 

2. 100 feet from lots occupied by residential uses.  

 Barns and similar structures used to house horses must be located in the rear yard when ac-

cessory to a residential structure and when located on lots of less than 4 acres in area. 

 Wireless Telecommunications Facilities 

 Purpose 
The wireless telecommunications facility regulations of this section are intended to provide 

for the public health, safety and welfare by ensuring that residents, businesses and public 

safety operations in Union County have reliable access to telecommunications networks 

and state of the art mobile broadband communications services while also ensuring that 

this objective is accomplished in accordance with the overall purposes of this ordinance.  
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 State and Federal Law 
The wireless communication facility regulations of this section must be applied within the 

constraints of state and federal law, including NCGS 153A-349.50 to 349.53, the federal Tel-

ecommunications Act of 1996 and Section 6409 of the federal Middle Class Tax Relief and Job 

Creation Act of 2012. 

 Approvals Required 
Wireless facilities are allowed in accordance with the Section 25.010 (Table 25-1). In addi-

tion, the following activities are permitted as of right: 

a. Removal or replacement of transmission equipment on an existing wireless support 

structure that does not result in a substantial modification of the wireless facility. 

b. Ordinary maintenance of existing wireless facilities and wireless support structures; 

 General Standards and Design Requirements 

1. Design 

a. Wireless support structures must be engineered and constructed to accommodate 

a minimum number of collocations based on their overall height, as follows:  

(1) Support structures that are 60 to 100 feet in height must be engineered and 

constructed to accommodate at least 2 telecommunications providers; 

(2) Support structures that 101 to 150 feet in height must be engineered and con-

structed to accommodate at least 3 telecommunications providers; and 

(3) Support structures greater than 150 feet in height must be engineered and con-

structed to accommodate at least 4 telecommunications providers. 

b. The equipment compound area surrounding a wireless support structure must be of 

sufficient size to accommodate accessory equipment for the required or actual 

number of telecommunications providers, whichever is greater. 

c. Concealed wireless facilities must be designed to accommodate the collocation of 

other antennas whenever economically and technically feasible. Antennas must be 

enclosed, camouflaged, screened, obscured or otherwise not readily apparent to a 

casual observer. 

d. Requests for waivers of the requirement that new wireless support structures ac-

commodate the collocation of other service providers must be heard by the board 

of adjustment in accordance with the special use procedures of 80.100-A. In order 

to approve the waiver request, the board of adjustment must finds that collocation 

at the site is not essential to the public interest, or that the construction of a shorter 

support structure with fewer antennas will better promote the purposes of this or-

dinance. 

2. Setbacks 
Except as otherwise expressly stated, wireless support structure must be set back from 

all property lines a distance that is at least equal to its engineered fall zone. 
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3. Appearance 

a. Lighting and Marking 
Wireless facilities or wireless support structures may not be illuminated or marked 

unless required by the Federal Communications Commission (FCC) or the Federal 

Aviation Administration (FAA). 

b. Signs 
Signs located at the wireless facility are limited to ownership and contact infor-

mation, FCC antenna registration number (if required) and any other information as 

required by government regulation. Any other commercial message is strictly pro-

hibited.  

4. Accessory Equipment 
Accessory equipment, including any buildings, cabinets or shelters, may be used only to 

house equipment and other supplies in support of the operation of the wireless facility 

or wireless support structure. Any equipment not used in direct support of such opera-

tion may not be stored on the site. 

5. Fences 
Ground-mounted accessory equipment and wireless support structures must be se-

cured and enclosed with a fence not less than 6 feet in height. 

 Removal of Abandoned Antenna and Towers 
Any wireless support structure that being actively used by wireless carriers for a continuous 

period of 12 consecutive months will be considered abandoned, and the owner of the wire-

less support structure must remove it within 60 days of receiving written notice from the 

county. The county must ensure and enforce removal by means of its existing regulatory 

authority, with costs of removal charged to the owner. 

 Existing Towers and Antennas 
Wireless telecommunication facilities lawfully existing on or before the effective date speci-

fied in Section 1.030, are allowed to remain in place and continue in use and operation. Or-

dinary maintenance and collocation is permitted, provided than any substantial modifica-

tion requires review and approval in accordance with the special use procedures of 80.100-

A. 

 Definitions 
See Article 105.  
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 Authorization 

 Accessory uses and structures are permitted in connection with lawfully established princi-

pal uses.  

 Accessory uses and structures include those expressly regulated in this article as well as 

those that, in the determination of the administrator, satisfy all of the following criteria: 

1. Customarily found in conjunction with the subject principal use; 

2. Constitutes only an incidental or insubstantial part of the total activity that takes place 

on the subject lot; and 

3. Is integrally related to the principal use. 

 For purposes of interpreting §35.010-B:  

1. A use or structure may be regarded as incidental or insubstantial if it is incidental or in-

substantial in and of itself or in relation to the principal use;  

2. To be "commonly associated" with a principal use, it is not necessary for an accessory 

use or structure to be connected with such principal use more times than not, but only 

that the association is such that there is common acceptance of their relatedness.  

3. The total square footage of all accessory use buildings on any single lot may not exceed 

the total square footage of the principal building on that same lot.  

 The following activities may not be regarded as accessory to a residential principal use and 

are prohibited in residential districts: 

1. Storage outside of a substantially enclosed structure of any motor vehicle that is nei-

ther licensed nor operational. 
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 General Regulations 

 Time of Construction and Establishment 

1. Accessory uses may be established only after the principal use of the property is in 

place. 

2. Accessory buildings may be established in conjunction with or after the principal build-

ing. They may not be established before the principal building is in place.  

 Location 
Accessory uses and structures must be located on the same lot as the principal use to which 

they are accessory, unless otherwise expressly stated. 

 Lot and Building Regulations 

1. Unless otherwise expressly stated, accessory buildings are subject to the same lot and 

building regulations as apply to principal buildings, provided that accessory buildings in 

residential districts are subject to the regulations of §35.020-C2. 

2. Accessory buildings located in the rear yard (completely behind the rear building line) 

of an allowed residential use are subject to minimum rear and interior side setbacks of 5 

feet, provided that if the high point of the roof or any appurtenance of an accessory 

building exceeds 12 feet in height, the accessory building must be set back from rear 

and side lot lines an additional one foot for every one foot of height exceeding 12 feet 

up to the required principal building setback; thereafter, no further setback is required.  

3. In residential zoning districts, the maximum lot coverage of all principal and accessory 

buildings on the lot may not exceed 40% of the lot. 

 Accessory Dwelling Units 

 Where Allowed 
Accessory dwelling units are allowed only on lots occupied by a single principal dwelling 

unit and only in those zoning districts that permit two-unit houses as of right.  

 General Standards 
Accessory dwelling units are subject to all applicable regulations of the zoning district in 

which they are located, except as otherwise expressly stated in this section.  

 Number 
No more than one accessory dwelling unit is allowed per parcel. 

 Methods of Creation 
An accessory dwelling unit may be created only through the following methods:  

1. Converting existing living area within a dwelling unit  (e.g., attic or basement);  

2. Adding floor area to an existing dwelling unit;  

3. Constructing a detached accessory dwelling unit on a lot with an existing dwelling unit;  

4. Converting space within detached accessory buildings; or 

5. Constructing a new dwelling unit with an internal or detached accessory dwelling unit.  
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 Density (Minimum Lot Area per Unit) 
The principal dwelling unit and the accessory dwelling unit are both counted in minimum lot 

area per unit calculations. For example, a lot that includes both a detached house and an 

accessory dwelling unit must comply with the minimum lot area per unit requirements that 

apply to two-unit houses.  

 Home Occupations 

 Description 
Home occupations are jobs or professions conducted wholly or partly from a residential 

dwelling.  

 Exemptions 
Nonresidential uses that are expressly allowed in conjunction with residential uses (e.g., bed 

and breakfast uses and some form of day care) are not subject to home occupation regula-

tions. 

 Allowed Uses 
The home occupation regulations of this section establish performance standards for home 

occupations rather than limiting allowed uses to a specific list. Uses that comply with the 

regulations of this section are allowed as of right unless otherwise expressly stated. 

 Types of Home Occupations 

1. Two types of home occupations are regulated under this section: (i) suburban home oc-

cupations and (ii) rural home occupations.  

2. Suburban home occupations are those that comply with all regulations of §35.040-E; 

rural home occupations are those that cannot comply with all applicable suburban 

home occupation regulations but that do comply with all regulations of §35.040-F.  

3. The difference in regulations recognizes that work-at-home activities that are custom-

ary and compatible in large-lot rural settings are often very different from those that 

are customary and compatible in smaller lot suburban settings. 

 Suburban Home Occupations 
Home occupations that comply with all of the regulations of this subsection are permitted 

in conjunction with any allowed principal residential use. 

1. Suburban home occupations must be clearly incidental and subordinate to the subject 

property’s principal residential use. 

2. At least one individual engaged in a suburban home occupation must reside in the 

dwelling unit in which the suburban home occupation is located as their primary place 

of residence. A maximum of 2 nonresident employees are allowed with a suburban 

home occupation. The total number of resident and nonresident employees working 

on-site may not exceed 3. 

3. Suburban home occupations may be conducted within the principal dwelling unit or 

within an accessory building, provided that the area occupied or used for the suburban 

home occupation may not exceed the lesser of 1,000 square feet or 25% of the gross 

floor area of the principal residential dwelling.  
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4. Only vehicles licensed as passenger vehicles may be used in connection with a suburban 

home occupation.  

5. Only one suburban home occupation is allowed per dwelling unit.  

6. No goods, stock in trade, or other commodities may be displayed outside a fully en-

closed structure. 

7. No on-premises retail sales of goods not produced on-site may occur.  

8. Suburban home occupations must not change the character of the residential building 

they occupy or adversely affect the character of the surrounding neighborhood. Home 

occupations may not, for example, produce light, noise, vibration, odor, parking de-

mand, or traffic impacts to that are not typical of a residential neighborhood in Union 

County. Home occupations must be operated so as not to create or cause a nuisance. 

9. Any tools or equipment used as part of a suburban home occupation must be operated 

in a manner or sound-proofed so as not to be audible beyond the lot lines of the subject 

property. 

10. External structural alterations or site improvements that change the residential charac-

ter of the lot upon which a suburban home occupation is located are prohibited. Exam-

ples of such prohibited alterations include construction of parking lots, the addition of 

commercial-like exterior lighting or the addition of a separate building entrance that is 

visible from abutting streets. 

11. The use or storage of hazardous substances is prohibited, except at the “consumer 

commodity” level, as that term is defined in 49 C.F.R. Sec. 171.8. 

12. Only passenger automobiles, passenger vans and passenger trucks may be used in the 

conduct of a suburban home occupation. No other types of vehicles may be parked or 

stored on the premises. This provision is not intended to prohibit deliveries and pickups 

by common carrier delivery vehicles (e.g., postal service, united parcel service, FedEx, 

et al.) of the type typically used in residential neighborhoods.  

13. The following uses are expressly prohibited as suburban home occupations:  

a. Any type of assembly, cleaning, maintenance or repair of vehicles or equipment 

with internal combustion engines or of large appliances (such as washing machines, 

clothes dryers or refrigerators); 

b. Dispatch centers or other businesses where employees come to the site and are 

dispatched to other locations;  

c. Equipment or supply rental businesses; 

d. Taxi, limo, van or bus services; 

e. Tow truck services; 

f. Taxidermists; 

g. Restaurants; 

h. Funeral or interment services;  

i. Animal care, grooming or boarding businesses; and 
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j. Any use involving the use or storage of vehicles, products, parts, machinery or simi-

lar materials or equipment outside of a completely enclosed building; and 

k. Any use that does not comply with the suburban home occupation regulations of 

this section. 

 Rural Home Occupations  
Home occupations that do not comply with all of the suburban home occupation regula-

tions of §35.040-E but that do comply with all of the regulations of this subsection are per-

mitted in conjunction with any allowed principal residential use on RA-zoned lot of at least 

100,000 square feet in area. 

1. Rural home occupations must be clearly incidental and subordinate to the subject prop-

erty’s principal residential or agricultural use. 

2. At least one individual engaged in a rural home occupation must reside in the principal 

dwelling unit on the subject property as their primary place of residence. A maximum of 

3 nonresident employees are allowed with a rural home occupation.  

3. Rural home occupations may be conducted within the principal dwelling unit or within 

an accessory building, provided that the total accessory building floor area occupied by 

a rural home occupation may not exceed 3,000 square feet. 

4. Accessory buildings, material storage and outdoor work areas must be set back at least 

300 feet from adjacent residences. 

5. Any storage or outdoor work areas must be screened in accordance with at least the S2 

screen requirements of §55.090-C. 

6. The following uses are expressly prohibited as rural home occupations:  

a. Dispatch centers or other businesses where employees come to the site and are 

dispatched to other locations;  

b. Equipment or supply rental businesses; 

c. Taxi, limo, van or bus services; 

d. Tow truck services; 

e. Junk yards; 

f. Restaurants; 

g. Funeral or interment services; and 

h. Any use that does not comply with the rural home occupation regulations of this 

section. 

 Farm Stands 
The sale of agricultural products (whether in a “farm stand,” "roadside stand" or on a "you-pick-‘em” or 

“pick-your-own” basis) from property where such products were grown or from land that is all part of the 

same farm or farming operation as the land where such products were grown is allowed as an accessory use 

to an agricultural operation. 
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 Keeping of Horses 
The keeping of horses is allowed as an accessory use in In RA-200, RA-40, R-40, RA-20, R-20 and R-15 dis-

tricts only, and only in compliance with the following minimum requirements:  

 No more than one horse over 6 months of age may be kept as an accessory use per one acre 

of land area; 

 Any barn, stable or other structure occupied by a horse must be set back at least:  

1. 50 feet from adjacent property lines;  

2. 100 feet from any adjacent residences; and  

3. 30 feet from the principal structure on the property.  

 In addition, any structure that houses a horse must be located in the rear yard when acces-

sory to a residential structure on a lot of less than 4 acres in area.  

 Room Rental 
The renting of one or 2 rooms within a detached house to not more than 2 persons who are not part of the 

household that resides in the detached house is allowed as an accessory unit. The rental of a secondary or 

accessory dwelling unit is subject to the regulations of Section 35.030. 

 Receive-Only Antennas 
Over-the-air and satellite dish antennas are an allowed accessory use. Satellite dish antennas that (i) are 

over one meter (39.37”) in diameter and located in a residential district or (ii) are over 2 meters (78.74 inches) 

in diameter and located in a commercial (B-2, B-3, B-4, HC, B-6) or industrial (LI, HI) zoning district require a 

permit. Satellite dish antennas that require a permit are subject to the following regulations:  

 Antennas that require a permit must be in the rear yard unless unsatisfactory reception is 

incurred.  

 Ground-mounted antennas that require a permit must be screened in accordance with the 

S1 screen requirements of §55.090-B, except to the extent that such screening would inter-

fere with satellite reception. 

 Roof-mounted antennas that require a permit must be screened in accordance with 

§55.080-C2, except to the extent that such screening would interfere with satellite recep-

tion.  

 Electric Vehicle Charging Stations 

 General 

1. Private (restricted-access) electric-vehicle (EV) charging stations are permitted as ac-

cessory uses in all zoning districts. 

2. Public EV charging stations are permitted as accessory uses to allowed nonresidential 

uses in all zoning districts. 

 Parking 

1. Electric vehicle charging stations may be counted toward satisfying minimum off-street 

parking space requirements.  
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2. Public electric vehicle charging stations must be reserved for parking and charging elec-

tric vehicles. Electric vehicles may be parked in any space designated for public parking, 

subject to the restrictions that apply to any other vehicle.  

 Equipment  
Vehicle charging equipment must be designed and located so as to not impede pedestrian, 

bicycle or wheelchair movement or create safety hazards on sidewalks.  

 Geothermal Heat Exchange Systems 

 General 
Geothermal heat exchange systems are permitted as an accessory use in all zoning districts. 

 Location  
Geothermal heat exchange systems must be located entirely within the lot lines of the sub-

ject property or within appropriate easements. 

 Solar Energy Systems 

 General 
Accessory solar energy systems must comply with all applicable building and electrical code 

requirements. 

 Building-Mounted Solar Energy Systems  

1. Building-mounted solar energy systems may be mounted on principal and accessory 

structures.  

2. All applicable setback regulations apply to building-mounted solar energy systems. 

Systems mounted on principal structures may encroach into interior side and rear set-

backs in accordance with §100.050-B. 

3. Only building-integrated and/or flush-mounted solar energy system may be installed 

on street-facing building elevations.  

4. Solar energy systems may not extend more than 3 feet above the applicable maximum 

building height limit for the subject building type or more than 5 feet above the highest 

point of the roof line, whichever is less. 

 Ground-Mounted Solar Energy Systems  

1. In residential zoning districts, ground-mounted solar energy systems may not be lo-

cated in a required street setback or street yard area.  

2. Ground-mounted solar energy systems may be located within required interior side and 

rear setbacks.  

3. Ground-mounted solar energy systems are subject to applicable accessory structure 

height and lot coverage regulations.  
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 Description and Purpose 

 A temporary use is the use of private property that does not require a building permit and 

that may or may not comply with the use and lot and building regulations of the zoning dis-

trict in which the temporary use is located.  

 The temporary use regulations of this article are intended to permit such occasional, tem-

porary uses and activities when consistent with the purposes and regulations of this ordi-

nance. 

 Authority to Approve 

 Except as expressly stated in Section 40.050, all temporary uses require issuance of a permit 

by the administrator. 

 The administrator is authorized to approve temporary uses that comply with the provisions 

of this article and to impose reasonable conditions on the operation of temporary uses to 

help ensure that they do not create significant adverse impacts on surrounding properties 

and that they operate safely and without causing nuisances, consistent with the general 

purposes of this ordinance. In lieu of making a decision to approve or deny a temporary use, 

the administrator is also authorized to refer proposed temporary uses to the board of ad-

justment for consideration in accordance with the special use procedures of §80.100-A. The 

administrator’s decision to refer a proposed temporary use to the board of adjustment may 

be based on the use’s proposed size, scale, duration or other considerations that, in the rea-

sonable opinion of the administrator, warrants public review and notice. 

 Temporary uses that do not comply with all applicable regulations and all conditions of ap-

proval imposed by the administrator require review and approval in in accordance with the 

special use procedures of §80.100-A.  

 Temporary uses and special events on county-owned land require review and approval by 

the Board of Commissioners. 

 Authorized Uses 
The administrator is authorized to approve a permit for temporary uses upon determining that the pro-

posed use is a customary temporary use in the subject location and will generally be compatible with 

surrounding uses and not be a detriment to public safety. The following is a non-exhaustive list of the 

types of temporary uses and activities for which a temporary use permit may be approved by the ad-

ministrator: 
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 Christmas tree and similar holiday sales lots for a maximum of 90 days per lot per calendar 

year; 

 Outdoor carnivals, concerts, festivals, revivals and public gatherings for a maximum of 30 

days per lot per calendar year and no more than 10 consecutive days per occurrence; 

 Construction staging areas, construction offices and storage of materials related to ongoing 

construction for the period in which construction is ongoing and all required permits remain 

valid; 

 Temporary sales and leasing offices and model homes, when located on the same lot or in 

the same subdivision as the units or floor space actively being offered for lease or sales; and 

 Temporary portable storage containers, subject to the following supplemental regulations: 

1. Portable storage containers in R-40, R-20, R-15, R-10, R-8, R-6, and R-4 zoning districts 

are subject to the following regulations: 

2. Temporary portable storage containers are permitted for a period not to exceed a total 

of 90 days within any calendar year unless a valid building or construction permit is in 

place for the subject property, in which case the portable storage container may remain 

in place for a maximum of 120 days or until the permit expires, whichever occurs first. If 

a dwelling unit on the subject lot has been damaged by natural disaster act of God, the 

administrator is authorized to grant time extensions of otherwise applicable portable 

storage container time limits.  

3. No more than one container may be located on any lot. 

4. Containers may not exceed 16 feet in length, 8 feet in width, and 8.5 feet in height.  

5. Containers must be setback at least 5 feet from all property lines. 

6. Containers must be placed on an all-weather surface. Containers are prohibited within 

landscape areas, open spaces, stormwater basins, or any other location that may cause 

hazardous conditions, constitute a threat to public safety, or create a condition detri-

mental to surrounding land uses and development. 

7. No materials may be stacked or stored on the exterior of the container and no running 

gear or transport trailer may be stored on site outside of a completely enclosed build-

ing. 

 Portable storage containers in RA zoning districts and all office, commercial and industrial 

zoning districts are subject to the following regulations: 

1. Temporary portable storage containers are permitted for a period not to exceed a total 

of 90 days within any calendar year unless a valid building or construction permit is in 

place for the subject property, in which case the portable storage container may remain 

in place for a maximum of 180 days or until the permit expires, whichever occurs first. If 

the principal building on the subject lot has been damaged by natural disaster act of 

God, the administrator is authorized to grant time extensions of otherwise applicable 

portable storage container time limits.  

2. No more than 3 containers may be located on any lot.  

3. Containers may not exceed 20 feet in length, 8 feet in width, and 8.5 feet in height.  
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4. Containers must comply with all setback requirements that apply to principal buildings. 

5. Containers may not be placed or located on a required parking space, circulation 

aisle/lane, or fire access lane. 

6. Vertical stacking of containers and stacking of any other materials or merchandise on 

top of any portable storage container is prohibited. No running gear or transport trailer 

may be left underneath any portable storage container.  

7. Containers are prohibited within landscape areas, required open spaces, stormwater 

basins, or any other location that may cause hazardous conditions, constitute a threat 

to public safety, or create a condition detrimental to surrounding land uses and devel-

opment. 

 Procedure 
Upon receipt of a complete application for a permit for a temporary use, the administrator must review 

the proposed use for its likely effects and surrounding properties and its compliance with the general 

provisions of this article. The administrator may impose such conditions of approval on the permit as 

the administrator determines necessary to mitigate potential adverse impacts. Such conditions may 

include the following: 

 Requirements for vehicle access and parking; 

 Restrictions on overall duration of the use and hours of operation; 

 Limitations on signs and outdoor lighting; 

 Requirements for financial guarantees covering the costs of cleanup and/or removal of 

structures or equipment; and 

 Other conditions necessary to help carry out the stated purposes of this ordinance.  

 Exemptions 
The following temporary uses are permitted as of right, without obtaining a permit from the administrator: 

 Yard sales or garage sales, so long as such sales are not conducted on the same lot for more 

than 3 days (whether consecutive or not) during any 90-day period.  
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 General 

 Purpose 
The provisions of this article are intended to help protect the public health, safety and gen-

eral welfare by:  

1. Promoting economically viable and beneficial use of land;  

2. Providing flexible methods of responding to the transportation and access demands of 

various land uses in different areas of the county; and 

3. Helping avoid the negative impacts that can result from requiring excessive supplies of 

off-street parking (e.g., impervious surfaces, stormwater runoff, visual environment).  

 Applicability 

1. General 
Off-street parking and loading must be provided and maintained in accordance with 

the provisions of this article. Unless otherwise expressly stated, the regulations apply to 

all districts and uses. 

2. New Uses and Development 
The regulations of this article apply to all new buildings constructed and all new uses 

established in all zoning districts. 

3. Change of Use 
If a new use of a building or structure requires more off-street parking than the use that 

most recently occupied the building or structure, additional off-street parking is re-

quired in an amount equal to the difference between the parking required for the new 

use and the parking that would have been required for the previous use if current park-

ing requirements had been applicable.  
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4. Enlargements and Expansions 

a. The regulations of this article apply whenever an existing building or use is enlarged 

or expanded to include additional dwelling units, floor area, seating capacity or 

other units of measurement used for establishing off-street parking requirements. 

b. In the case of enlargements or expansions that trigger requirements for additional 

parking, additional spaces are required only to serve the enlarged or expanded 

area, not the entire building or use. There is no requirement to address parking 

space deficits associated with existing, lawfully established buildings or uses. 

 Maximum Parking Ratios 
Large-format retail uses (gross floor area of 50,000 sq. ft. or more) may not provide more than 5 spaces per 

1,000 square feet of gross floor area unless otherwise approved in accordance with the alternative compliance 

provisions of §45.050-C. 

 Minimum Parking Ratios 
Off-street parking spaces must be provided in accordance with the minimum ratios established in Table 45-1 

unless otherwise approved in accordance with the alternative compliance provisions of §45.050-C. See also 

Section 45.050 for an explanation of exemptions and allowed reductions of minimum parking requirements.  

Table 45-1: Minimum Motor Vehicle Parking Ratios 

U S E  C A T E G O R Y  
Minimum Number of Parking Spaces Required Subcategory 

Specific use 

E S I D E N T I A L   
Household Living (except as identified below) 2 spaces per dwelling unit 

Dwelling unit above ground-floor nonresidential use 1.25 spaces per unit 
Multi-unit Building 1 space per studio  

1.25 spaces per 1 bedroom unit 
1.75 spaces per 2 bedroom unit 
2 spaces per 3+ bedroom unit 

Manufactured Housing Unit 2 spaces per dwelling unit 
Dependent Care Residence (Temporary) None 

Group Living  0.5 spaces per bed 
P U B L I C ,  C I V I C  A N D  I N S T I T U T I O N A L   
Hospital  1 space per bed + 1 space per 300 sq. ft. of admin. or medical of-

fice 

Library or Cultural Exhibit 1 space per 300 sq. ft. 
Religious Assembly 1 space per 4 seats in assembly areas + 1 space per 200 sq. ft. of 

non-assembly space 
School Elementary and middle school: 1.6 spaces per classroom or 1 

space per 3 seats in auditorium, whichever is greater 
Sr. High School: 5 spaces per classroom or 1 space per 3 seats in 
auditorium, whichever is greater 

Other public, Civic and Institutional As approved by administrator (See §45.040-G) 
C O M M E R C I A L   
Adult Use 1 space per 100 sq. ft. 
Animal Service 1 space per 300 sq. ft. of sales, office, or customer service area 

Commercial Service  1 space per 400 sq. ft. 
Day Care Center 1 space per 500 sq. ft. 
Eating Establishment 1 space per 100 sq. ft.  
Entertainment and Spectator Sports 1 space per 4 seats 
Financial Service  1 space per 300 sq. ft. 
Funeral and Mortuary Service 1 space per 100 sq. ft. 
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U S E  C A T E G O R Y  
Minimum Number of Parking Spaces Required Subcategory 

Specific use 

Lodging 1 space per guest room 
Office 1 space per 300 sq. ft. 
Parking, Non-accessory None 
Retail Sales  1 space per 400 sq. ft. (Maximum ratios apply to large-format 

[50,000+ sq. ft.] retail uses. See Section 45.020)  
Sports and Recreation, Participant  1 space per 400 sq. ft. or as approved by administrator (See 

§45.040-G) 
Self-service Storage Facility 0.5 spaces per employee or 1 space per 5,000 sq. ft. of indoor 

and outdoor storage area, whichever is greater 
Trade School 1 space per 400 sq. ft. 

Vehicle Sales and Service  
Commercial Vehicle Repair and Maintenance 2 spaces per service bay 
Commercial Vehicle Sales and Rentals 1 space per 300 sq. ft. of office and customer area 
Fueling Station 4 spaces per pump island 
Personal Vehicle Repair and Maintenance 2 spaces per service bay 

Personal Vehicle Sales and Rentals 1 space per 300 sq. ft. of office and customer area 
Vehicular Equipment and Supplies 1 space per 400 sq. ft. 
Vehicle Body and Paint Shops 1 space per 400 sq. ft. 

W H O L E S A L E ,  D I S T R I B U T I O N  &  
S T O R A G E  

 

Equipment and Materials Storage, Outdoor 0.5 spaces per employee 
Trucking and Transportation Terminals 0.5 spaces per employee 

Warehouse 0.5 spaces per employee or 1 space per 5,000 sq. ft. of indoor 
and outdoor storage area, whichever is greater 

Wholesale Sales and Distribution 0.5 spaces per employee or 1 space per 5,000 sq. ft. of indoor 
and outdoor storage area, whichever is greater 

I N D U S T R I A L   
General Industrial 0.5 spaces per employee 
Intensive Industrial 0.5 spaces per employee 
Junk or Salvage Yard 0.5 spaces per employee or 1 space per 5,000 sq. ft. of indoor 

and outdoor storage area, whichever is greater 
Mining/Extraction 0.5 spaces per employee 

R E C Y L C I N G  A N D  W A S T E - R E L A T E D   

Construction and Demolition Debris Recycling Facility 
0.5 spaces per employee or 1 space per 5,000 sq. ft. of indoor 
and outdoor storage area, whichever is greater 

Recyclable Material Processing Center 0.5 spaces per employee 
Landfill 0.5 spaces per employee 
Wireless Telecommunication Facility None 

 Calculation of Required Parking 
In determining the number of parking spaces required, the following calculation rules apply: 

 Multiple Uses 
Unless otherwise expressly stated, lots containing more than one use must provide parking 

in an amount equal to the total of the requirements for all uses on the lot. Parking reduc-

tions are authorized for shared parking arrangements in accordance with §45.050-B. 

 Fractions 
When calculations of the number of parking spaces required result in a fractional number, 

any fraction of less than ½ (0.5) is rounded down to the next lower whole number, and any 

fraction of ½ (0.5) or more is rounded up to the next higher whole number. The rounding 

must occur after the calculation is made. If, for example, a minimum parking ratio of 2.5 



Article 45 | Parking 
Section 45.050 | Exemptions, Reductions and Alternative Compliance 

Effective October 6, 2014 page 45-4 Amendments through 11.03.2014 

spaces per 1,000 square feet is applied to a 2,000 square foot building, the minimum park-

ing requirement for that building is 5 spaces (2.5 × 2 = 5.0) 

 Area Measurements 
Unless otherwise expressly stated, all area-based (square footage) parking standards must 

be computed on the basis of gross floor area. 

 Occupancy- or Capacity-based Standards 
For the purpose of computing parking requirements based on employees, students, mem-

bers, residents or occupants, calculations must be based on the largest number of persons 

working on any single shift, the maximum enrollment or membership or the maximum fire-

rated capacity, whichever is applicable and whichever results in the greater number of 

spaces.  

 Bench Seating 
For the purpose of calculating parking requirements based on seating, each 22 linear inches 

of bench or pew length is equivalent to one seat, 

 Unlisted Uses 
Upon receiving a development application for a use not specifically listed in an off-street 

parking schedule, the administrator is authorized to apply the off-street parking ratio speci-

fied for the listed use that is deemed most similar to the proposed use or establish a mini-

mum off-street parking requirement for the proposed use in accordance with §45.040-G. 

 Establishment of Other Parking Ratios 
The administrator is authorized to establish required minimum parking ratios for uses not 

included in Table 45-1 and in those instances where Table 45-1 expressly provides authority 

to establish a parking requirement. Such ratios must be established on the basis of (1) a sim-

ilar use/parking determination (as described in §45.040-F), (2) a parking study that complies 

with the provisions of §Section 45.060 or (3) other information available to the administra-

tor.  

 Exemptions, Reductions and Alternative Compliance 

 Restaurant Outdoor Seating Areas 
Restaurant outdoor seating areas that are not beneath a roof structure are exempt from 

off-street parking requirements. 

 Shared Parking 

1. General 
Sharing parking among different users can result in overall reductions in the amount of 

motor vehicle parking required. Shared parking is encouraged as a means of conserving 

scarce land resources, reducing stormwater runoff, reducing the heat island effect 

caused by large paved areas and improving community appearance.  

2. Special Use Approval 
Shared parking arrangements require review and approval by the administrator.  

3. Eligibility 
Shared parking may be approved for mixed-use projects and for multiple nonresidential 

uses that have different periods of parking demand. Required residential parking and 

accessible parking spaces (for people with disabilities) may not be shared. 
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4. Methodology 
The number of parking spaces required under a shared parking arrangement must be 

determined in accordance with the following:  

a. Multiply the minimum parking required for each individual use, as set forth in Sec-

tion 45.030 by the percentage identified for each of the 6 designated time periods.  

b. Add the resulting sums for each of the 6 columns.  

c. The minimum shared parking requirement is the highest sum among the 6 columns 

resulting from the above calculations.  

d. Select the time period with the highest total parking requirement and use that total 

as the shared parking requirement.  

Table 45-2: Shared Parking Calculations 
Land Use Time 

Weekday Weekend 
Midnight–7:00 

a.m. 
7:00 a.m. –6:00 

p.m. 
6 p.m. –Mid-

night 
Midnight–7:00 

a.m. 
7:00 a.m.–6:00 

p.m. 
6 p.m. –Mid-

night 

Office and Industrial 5% 100% 10% 0% 60% 5% 

Lodging 100% 60% 90% 100% 65% 80% 
Eating and Drinking 50% 70% 100% 45% 70% 100% 
Religious Assembly 0% 10% 30% 0% 100& 30% 
Assembly & Entertain. 10% 50% 100% 5% 80% 100% 
Retail & Comm. Service 5% 70% 90% 0% 100% 60% 

5. Other Uses 
If one or more of the land uses proposing to make use of shared parking arrangement 

do not conform to the land use classifications in Table 45-2, as determined by the ad-

ministrator, then the applicant must submit sufficient data to indicate the principal op-

erating hours of the uses. Based upon this information, the administrator is authorized 

to determine the appropriate shared parking requirement, if any, for such uses.  

6. Other Shared Parking Methodologies 
As an alternative to the shared parking methodology established in §45.050-B4, the ad-

ministrator is authorized to approve shared parking calculations based on the latest edi-

tion of the Urban land Institute’s or the Institute of Transportation Engineer’s shared 

parking model or based on studies prepared by professional transportation planner or 

traffic engineer. The shared parking analysis must demonstrate that the peak parking 

demands of the subject uses occur at different times and that the parking area will be 

large enough for the anticipated demands of both uses.  

7. Location 
Shared parking may be located on-site or off-site. Off-site parking is subject to the reg-

ulations of §45.080-B. 

 Alternative Compliance Parking Ratios 
The motor vehicle parking ratios of this article are not intended to prevent development 

and redevelopment or to make development and redevelopment economically impractical 

or not viable. In order to allow for flexibility in addressing the actual expected parking de-

mand of specific uses, alternative compliance parking ratios may be approved by the per-

mit-issuing authority if: 
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1. The applicant submits a parking study demonstrating that the motor vehicle parking 

ratios of Section 45.030 do not accurately reflect the actual day-to-day parking demand 

that can reasonably be anticipated for the proposed use based on a parking study that 

complies with the provisions of §Section 45.060; and 

2. The permit-issuing authority determines that the proposed alternative parking ratios 

are supported by competent data and study findings and are not likely to cause adverse 

impacts on traffic circulation and safety or on the general welfare of property owners 

and residents in the surrounding area. 

 Parking Studies 
Whenever parking studies are required they must be based on field surveys of observed parking demand for 

similar uses within the county or on parking demand data from credible research organizations, such as the 

Urban Land Institute (ULI) or the Institute of Transportation Engineers (ITE). Comparability will be deter-

mined by density, scale, bulk, area, type of activity and location. Parking studies must document the source 

of all data used to develop recommended requirements. 

 Use of Off-Street Parking Areas 

 Required off-street parking spaces are intended to serve residents, tenants, patrons, em-

ployees, or guests of the principal use. Required off-street parking areas may be used solely 

for the temporary parking of licensed motor vehicles in operating condition.  

 Required off-street parking spaces may not be used for the storage, display or sale of goods 

equipment or materials. No motor vehicle repair work of any kind is permitted in a required 

parking space except in a zoning district that permits motor vehicle repair uses as of right. 

 Location of Off-Street Parking 

 General 
Except as otherwise expressly stated in this article, required off-street parking spaces must 

be located on the same lot as the building or use they are required to serve.  

 Off-site Parking 

1. When Allowed 
Permit-issuing authorities are authorized to allow all or a portion of required off-street 

parking for nonresidential use to be provided off site, in accordance with the regula-

tions of this section. Required accessible parking spaces (see Section 45.110) and park-

ing required for residential uses may not be located off site. 

2. Location 
Off-site parking areas must be located within a 600-foot radius of the use served by 

such parking, measured between the entrance of the use to be served and the outer 

perimeter of the furthest parking space within the off-site parking lot.  

3. Design 
Off-site parking areas must comply with all applicable parking area design regulations 

of Section 45.090. 
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4. Control of Off-Site Parking Area 
The property to be occupied by the off-site parking facilities must be under the same 

ownership as the lot containing the use to be served by the parking. The off-site park-

ing area may be under separate ownership only if an agreement is provided guarantee-

ing the long-term availability of the parking, commensurate with the use served by the 

parking. Off-site parking privileges will continue in effect only as long as the agree-

ment, binding on all parties, remains in force. If an off-site parking agreement lapses or 

is no longer valid, then parking must be provided as otherwise required by this article. 

 Parking Area Design 

 General 

1. Parking and vehicular use areas must be designed so that sanitation, emergency, and 

other public service vehicles can serve the subject property without backing unreasona-

ble distances or making dangerous or hazardous turning movements. 

2. Parking and vehicular use areas must be designed so that vehicles cannot extend be-

yond the perimeter of such area onto adjacent properties or public rights-of-way. Such 

areas must also be designed so that vehicles do not extend over sidewalks or damage 

required landscaping. 

3. Circulation areas shall be designed so that vehicles can proceed safely without posing a 

danger to pedestrians or other vehicles and without interfering with parking areas. 

 Ingress and Egress 
All parking areas must be designed to allow vehicles to enter and exit a street and cross 

public sidewalks in a forward motion, except that this requirement does not apply to drive-

ways serving detached houses or two-unit houses.  

 Stall Size 

1. Required parking spaces must be at least 9.0 feet in width and 19 feet in length, exclu-

sive of access drives and aisles.  

2. In parking areas containing 10 or more parking spaces, up to 20% of the parking spaces 

may be “compact” vehicle parking spaces with minimum dimensions of 7.5 feet in width 

and 15 feet in depth. All compact parking spaces must be conspicuously designated as 

reserved for small or compact cars only. 

3. In parking areas where permanent wheel stops have been installed, 2.5 feet of the park-

ing space length (depth) beyond the wheel stop may be counted as part of the required 

stall length if that area is not part of another parking stall or drive aisle and complies 

with §45.090-A2. 

 Parking Area Layout (Geometrics) 
Parking areas provided to meet the minimum parking regulations of this article must be de-

signed in accordance with the following minimum dimensional standards. This table shows 

required dimensions for various parking layouts (angles). Requirements for layouts or an-

gles not shown in the table may be interpolated from the layouts shown, as approved by 

the administrator. 
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Table 45-3: Parking Area Geometrics 
A B[1] C D 

0º 9.0 22.0 12.0/20.0 

30 º 9.0 19.0 11.0/– 
45 º 9.0 19.0 13.0/– 
60 º 9.0 19.0 15.0/– 
90 º 9.0 19.0 24.0/24.0 

A = Stall Angle, B = Stall Width, C = Stall Length, D = Aisle Width (1-way/2-way) 

[1] “Compact” spaces use stall width established in §45.090-C2. 

 Striping 
In all parking lots containing 5 or more parking spaces, parking space markings consisting of 

painted stripes or other visible permanent markings must be provided for each parking 

space. Parking areas with pervious pavement, pervious pavement systems or aggregate 

(when allowed) must have the parking spaces marked as required by this article, except that 

surfacing systems that utilize gravel or turf may use alternative marking to indicate the lo-

cation of the parking space, including markings at the end of spaces on the drive aisle or 

curbing, wheel stops, or concrete or paver strips in lieu of painted lines. 

 Tandem Parking 
Tandem parking spaces may be used to satisfy parking requirements for household living 

uses when the spaces are assigned to the same dwelling unit. In all other cases, required 

parking spaces must be designed to allow each parking space to be accessed without pass-

ing through another parking space. Tandem parking arrangement must have a minimum 

stall width of 9 feet and a minimum length of 38 feet. 

 Surfacing 

1. All off-street parking and vehicular use areas containing 5 or more parking spaces must 

be surfaced with an all-weather material unless otherwise expressly stated.  

2. Permit-issuing authorities are authorized to waive the surfacing requirement of 

§45.090-G1 for uses in LI, HI and RA districts and for temporary uses in all districts and 

to allow, as an alternative, surfacing with size-13 crushed stone. The perimeter of such 

parking areas must be defined by bricks, stones, or other similar devices. In addition, 

whenever such a parking or vehicular use area abuts a paved street, the driveway lead-

ing from such street (or, if there is no driveway, the portion that opens onto the street), 

must be surfaced as provided in §45.090-G1 for a distance of 15 feet back from the edge 

of the paved street.  These perimeter stabilization and driveway surfacing requirements 

may be waived for any use that is required to have fewer than 3 parking spaces and for 

any temporary use. 

3. Pervious pavement or pervious pavement systems, including pervious asphalt, pervious 

concrete, modular pavers designed to funnel water between blocks, lattice or honey-

comb shaped concrete grids with turf grass or gravel filled voids to funnel water, plastic 

geocells with turf grass or gravel, reinforced turf grass or gravel with overlaid or embed-

ded meshes, or similar structured and durable systems are allowed as parking lot sur-

facing materials that meet the requirements of §45.090-G1. Gravel, turf, or other mate-

rials that are not part of a structured system designed to manage stormwater are not 

considered pervious pavement or a pervious pavement system. Pervious pavement and 

pervious pavement systems must comply with the following: 
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a. All materials must be installed in accordance with industry standards. Appropriate 

soils and site conditions must exist for the pervious pavement or pervious pave-

ment system to function. For parking lots of 10 spaces or more, documentation 

that verifies appropriate soils and site conditions must be provided. 

b. All materials must be maintained in accordance with industry and county stand-

ards. Damaged areas must be promptly repaired. Gravel that has migrated from a 

pervious pavement systems onto adjacent areas must be regularly swept and re-

moved. 

c. Pervious asphalt or pervious concrete may be used for accessible parking spaces 

and accessible routes from the accessible space to the principal structure or use 

served, but no other pervious pavement system may be used for such areas. 

d. Pervious pavement or pervious pavement systems are prohibited in areas used for 

the dispensing of gasoline or other liquid engine fuels or where hazardous liquids 

could be absorbed into the soil through the pervious pavement or pervious pave-

ment system. 

e. Pervious asphalt, pervious concrete, or modular pavers may be used for drive aisles 

and driveways, but no other pervious pavement systems may be used in such areas. 

f. Pervious pavement or pervious pavement systems that utilize turf grass may not be 

used to meet minimum off-street parking requirements, but may be used for over-

flow parking spaces that are not used for required parking and that are not occu-

pied on a daily or regular basis. 

g. Pervious pavement or pervious pavement systems that utilize gravel with overlaid 

or embedded mesh or geocells are limited to LI, HI and RA zoning districts. 

 Landscaping and Screening 
See Article 55. 

 Lighting 
See Section 55.130. 

 Stacking Spaces for Drive-through Facilities 

  Spaces Required 
Unless otherwise approved by the permit-issuing authority in accordance with the alterna-

tive compliance provisions of §45.050-C, establishments with drive-through facilities must 

provide stacking spaces for each drive-through station as follows: 

Table 45-4: Drive-through Stacking Space Requirements 
Use  Minimum Spaces (per lane) 

Automated teller machine 3 (measured from ATM)  
Bank teller 4 (measured from teller window or service area) 

Car wash, full service 4 (measured from vehicle entrance) 
Car wash, self-service 2 (measured from vehicle entrance) 
Drug store 3 (measured from pick-up window) 
Restaurant drive-through 4 (measured from order board) 
Kiosks 2 (measured from service window) 

Other As determined by administrator 
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 Dimensions 
Each lane of stacking spaces must be at least 9 feet in width and at least 19 feet in length. 

Staking lanes must be delineated with pavement markings.  

 Location and Design 
Stacking lanes may not be located within required driveways or drive aisles, parking spaces 

or loading areas and may not interfere with access to parking and ingress and egress from 

the street. Drive-through facilities located within 50 feet of any residential district must be 

screened with an S2 screen in accordance with §55.090-C. 

 Pedestrian Access 
The principal pedestrian access to the entrance of the use from a public sidewalk may not 

cross the drive-through facility stacking lane. 

 Accessible Parking for People with Disabilities  
Accessible parking facilities must be provided in accordance with the North Carolina State Building Code. 

 Loading 

 Minimum Requirements 
Whenever the normal operation of any use involves regular delivery or shipment to or from 

the subject use, off-street loading area must be provided in accordance with this section to 

accommodate the delivery or shipment operations in a safe and convenient manner.  

1. Office, Lodging and Hospital Uses 
The following minimum requirements apply to office, lodging and hospital uses unless 

approved in accordance with the alternative compliance provisions of §45.120-D. 

Table 45-5: Loading Requirements for Office, Lodging and Hospital Uses 
Gross Floor Area [1] (sq. ft.) Minimum Loading Spaces Required 

0–25,000 0 
25,001–100,000 1 

100,001–250,000 2 
250,001 or more 3 

[1] Outdoor storage, work, sales or display areas must be included in floor area calculation if such ar-

eas contain materials that are delivered by trucks. 

2. Industrial, Retail and Wholesale, Distribution and Storage Uses 
The following minimum requirements apply to industrial, retail and wholesale, distribu-

tion and storage uses unless approved in accordance with the alternative compliance 

provisions of §45.120-D. 

Table 45-6: Loading Requirements for Industrial, Retail and Wholesale, Distribution and Storage Uses 
Gross Floor Area [1] (sq. ft.) Minimum Loading Spaces Required 

0–15,000 0 
15,001–50,000 1 
50,001–100,000 2 
100,001–250,000 3 
250,001 or more 4 

[1] Outdoor storage, work, sales or display areas must be included in floor area calculation if such ar-

eas contain materials that are delivered by trucks. 



Article 45 | Parking 
Section 45.120 | Loading 

Effective October 6, 2014 page 45-11 Amendments through 11.03.2014 

 Location and Setbacks 

1. Loading areas must be located and designed so that the vehicles intended to use them 

can: 

a. Maneuver safely and conveniently to and from a public right-of-way, and 

b. Complete the loading and unloading operations without obstructing or interfering 

with any public right-of-way or any parking space or drive aisle. 

2.  All required loading spaces must be located on the same lot as the use served. 

3. Unenclosed off-street loading areas may not be located within 50 feet of any abutting 

R-zoned properties unless the loading areas is screened on all sides abutting the R-

zoned property in accordance with the S2 screening standards of §55.090-C.  

 Design 

1. Size 
Required off-street loading spaces must be at least 10 feet in width and 30 feet in 

length, exclusive of drive aisles. Spaces must have a minimum vertical clearance of at 

least 14 feet. When delivery or shipment regularly occurs by semi-tractor trailers, the 

loading space must be at least 12 feet in width and 55 feet in length. 

2. Access 
Required off-street loading spaces must be provided access to and from a public street 

or alley by an access drive of at least 10 feet in width. 

3. Surfacing 
Unenclosed off-street loading areas must be surfaced with an all-weather material. 

 Alternative Compliance Loading Ratios 
The minimum loading ratios of this section are not intended to prevent development and 

redevelopment or to make development and redevelopment economically impractical or 

not viable. In order to allow for flexibility in addressing the actual expected loading demand 

of specific uses, alternative compliance loading ratios may be approved by the permit-issu-

ing authority if: 

1. The applicant submits a loading study demonstrating that the loading ratios of this sec-

tion do not accurately reflect the actual day-to-day loading demand that can reasona-

bly be anticipated for the proposed use based on a study that complies with the provi-

sions of §Section 45.060; and 

2. The permit-issuing authority determines that the proposed alternative loading ratios 

are supported by competent data and study findings and are not likely to cause adverse 

impacts on traffic circulation and safety or on the general welfare of property owners 

and residents in the surrounding area. 
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 General 

 Purpose 
The sign regulations of this article are intended to achieve balance among the following dif-

fering, and at times, competing goals: 

1. To support the desired character of Union County, as expressed in adopted plans, poli-

cies and regulations; 

2. To promote an attractive visual environment; 

3. To encourage the effective use of signs as a means of communication for businesses, 

organizations and individuals;  

4. To provide a means of way-finding, thus reducing traffic confusion and congestion;  

5. To provide for adequate business identification and communication;  

6. To prohibit signs of such excessive size and number that they obscure one another to 

the detriment of the economic and social well-being of county and its residents, prop-

erty owners and visitors; 

7. To protect the safety and welfare of the public by minimizing the hazards to pedestrian 

and vehicular traffic;  

8. To differentiate among those signs that, because of their location, may distract drivers 

on public streets and those that may provide information to them while they remain in 

their cars but out of active traffic;  

9. To minimize the possible adverse effects of signs on nearby public and private property; 

and 

10. To provide broadly for the expression of individual opinions through the use of signs on 

private property. 

 Scope and Applicability 
All signs are subject to the regulations of this section and all other applicable provisions of 

this ordinance.  
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 Content Neutrality 
Any sign allowed under this article may contain, in lieu of any other message or copy, any 

lawful noncommercial message that does not direct attention to a business operated for 

profit, or to a product, commodity or service for sale or lease, or to any other commercial 

interest or activity, so long as the sign complies with the size, height, area and other re-

quirements of this article. 

 Prohibited Signs and Sign Characteristics 
The following signs and sign characteristics are prohibited except as otherwise expressly stated: 

 Signs that obstruct, impair, obscure, interfere with the view of, or that may be confused 

with, any authorized traffic control sign, signal, or device; 

 Signs that interfere with the view necessary for motorists to proceed safely through inter-

sections or to enter onto or exit from public streets or private streets; 

  Signs that revolve or are animated or that utilize movement or apparent movement to at-

tract attention of the public, including banners, streamers, animated display boards, elec-

tronic message centers, digital display signs, video signs, pennants, and propellers, pro-

vided that this provision is not intended to prohibit digital displays indicating the time, date 

or weather conditions but that contain no commercial message; 

 Roof signs; 

 Signs that obstruct any fire escape, required exit, window or door opening used as a means 

of egress; 

 Signs that interfere with an opening required for ventilation; 

 Signs affixed directly to a tree, utility pole or traffic control device; 

 Signs attached to or painted on an inoperable or unlicensed vehicle (motorized or non-mo-

torized) located in view of the right-of-way;  

 Signs attached to or painted on a licensed vehicle that is located in view of the right-of-way 

when the administrator determines that the vehicle is parked solely for the purpose of dis-

playing the sign to passing motorists or pedestrians (this prohibition is not intended to ap-

ply to vehicles regularly used for deliveries or otherwise integral to the operation of a legally 

operated business on the subject property); 

 Search lights, strobe lights, and rotating beams of light, including those that resemble 

emergency lights;  

 Signs that include flashing lights, projected or moving images, moving parts or that emit 

noise, unless otherwise expressly authorized by regulations of this section;  

 Illuminated tubing or strings of lights that outline property lines, sales areas, roof lines, 

doors, windows, or similar areas, except for temporary holiday displays; and 

 Signs located in or that extend into the public right-of-way or that project beyond property 

lines (this prohibition on signs in the right-of-way does not apply to signs established by, or 

by order of, any governmental agency). 
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 Signs Allowed without Sign Permits 
Signs that comply with all regulations of this section are allowed without a sign permit and are not counted as 

signs for the purpose of calculating the number and amount of signage on a lot. Unless otherwise expressly 

stated, such signs may not be illuminated. All illuminated signs allowed by this ordinance require a permit. 

 Signs not exceeding 4 square feet in area that are customarily associated with residential 

use and that contain no commercial message;  

 Signs erected by or on behalf of or pursuant to the authorization of a governmental body, 

including legal notices, identification and informational signs, and traffic, directional or reg-

ulatory signs; 

 Official signs erected by public utilities; 

 Flags, pennants, or insignia of any governmental or non-profit organization when not dis-

played in connection with a commercial promotion and when they contain no commercial 

message; 

 Integral decorative or architectural features of buildings or works of art, so long as such fea-

tures or works do not contain a commercial message, moving parts, or lights; 

 Signs directing and guiding traffic on private property that do not exceed 4 square feet in 

area or more than 6 feet in height. Commercial messages may comprise no more than 50% 

of the area of a directional sign; 

 

 Signs attached to the interior of a building window or glass door, or visible through such 

window or door, provided that such signs, individually or collectively, do not cover more 

than 33% of the surface area of the window or glass door; 

 Displays of merchandise offered for sale or rent on the premises where displayed. Only 

merchandise of the type that is actually for sale or rent, and not pictorial or other represen-

tations of such merchandise, falls within this exemption; 

 Signs advertising the price of gasoline provided that such signs are attached to the pump 

island or a permitted freestanding sign; 

 A North Carolina vehicle inspections sign so long as such sign is not located in any right-of-

way; 

 Temporary campaign or election signs, provided that:  

1. Individual signs may not exceed 32 square feet in area; and 

2. All signs must be removed within 15 days following the elected or conclusion of the 

vote; 

 One temporary “for sale,” “for rent” or similar temporary real estate sign is allowed per 

street frontage, provided that they are removed within 15 days after the sale, rental, or 

lease has been accomplished.  

1. Temporary real estate signs on lots containing a detached house, townhouse or two-

unit house are limited to a maximum area of 9 square feet per sign. 
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2. Temporary real estate signs on lots containing agricultural, multi-unit residential, pub-

lic/quasi-public, office, commercial, or industrial use or that are zoned for such use may 

not exceed the greater of 32 square feet or 0.20 square feet of sign area per each linear 

foot of street frontage for the first 150 feet of street frontage and 0.10 square feet of 

sign area for each linear foot of street frontage for street frontage in excess of 150 feet. 

These area calculations must be based on the street frontage to which the sign is ori-

ented. No such sign may exceed 150 square feet in area;  

 One temporary construction sign is allowed per street frontage during the time that con-

struction or development activity, pursuant to a valid permit, is occurring on the subject lot, 

as follows:  

1. Temporary construction signs on a lot containing a detached house, townhouse or two-

unit house may not exceed 24 square feet in area.  

2. Temporary construction signs on a lot containing agricultural, multi-unit residential, 

public/quasi-public, office, commercial, or industrial use or a lot zoned for such uses 

may not exceed may not exceed the greater of 32 square feet or 0.20 square feet of sign 

area per each linear foot of street frontage for the first 150 feet of street frontage and 

0.10 square feet of sign area for each linear foot of street frontage for street frontage in 

excess of 150 feet. These area calculations must be based on the street frontage to 

which the sign is oriented. No such sign may exceed 150 square feet in area.  

3. Temporary construction signs for new residential subdivisions consisting of fewer than 

50 dwelling units may not exceed 100 square feet. For subdivisions of more than 50 

dwelling units, up to 2 signs totaling no more than 200 square feet are permitted.  

4. Temporary construction signs must be removed within 15 days after completion of the 

construction or development; 

 Temporary signs indicating that a temporary special event such as a fair, carnival, circus, 

festival or similar happening is to take place on the lot where the sign is located. Such signs 

may be erected not sooner than 30 days before the event and must be removed not later 

than 3 days after the event; 

 Temporary signs advertising the existence of (i) a roadside stand selling fruits or vegetables 

grown on the lot where the stand is located or on other land owned by or leased to the per-

son operating the stand, or (ii) a farm or tract upon which are grown fruits or vegetables 

that may be picked or gathered by the purchaser. Not more than 3 such signs may be 

erected, and no sign may exceed 32 square feet in surface area. Such signs may not be 

erected more than 7 days before the seasonal opening of such enterprise and must be re-

moved not later than 15 days after the enterprise closes for the season; and 

 Temporary signs not covered in §50.030-K, §50.030-L, §50.030-M, §50.030-N, or §50.030-O, 

so long as such temporary signs comply with the following restrictions: 

1. Not more than one such sign may be located on any lot. 

2. No such sign may exceed 4 square feet in surface area. 

3. Such sign may not be displayed for longer than 10 consecutive days or more than 20 

days in any calendar year. 
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 Signs in R Zoning Districts and Signs Accessory to Residential Uses 

 Applicability 
The regulations of this section apply to signs accessory to residential uses in all zoning dis-

tricts and to all nonresidential uses in residential districts. These are in addition to any signs 

allowed without a permit pursuant to §Section 50.030. 

 Multi-unit Living, Neighborhood and Subdivision Identification Signs 

1. Multi-unit (residential) buildings are allowed a maximum of one freestanding sign per 

street frontage and a maximum of one wall sign per building wall. Wall signs may not 

exceed 16 square feet in area. 

2. Residential subdivisions, including manufactured housing parks, are allowed a single 

freestanding sign at each street entrance to the subdivision.  

3. Freestanding multi-unit building and subdivision identification signs must be monu-

ment signs. They may not exceed 32 square feet in area or 0.20 square feet of sign area 

per linear foot of street frontage, whichever is greater, but in no case may the sign ex-

ceed 150 square feet in area. The maximum sign area calculation must be based on the 

street frontage to which the sign is oriented.  

 Nonresidential Uses 
The following regulations apply to all principal nonresidential uses in residential zoning dis-

tricts.  

1. Wall Signs 
Nonresidential uses in R districts are allowed a maximum of one wall sign per public 

building entrance. Such signs may not exceed 16 square feet in area.  

2. Freestanding Signs 
Nonresidential uses in R districts are allowed a maximum of one freestanding sign per 

street frontage. Allowed freestanding signs are subject to a maximum height limit of 12 

feet and may not exceed 32 square feet in area or 0.20 square feet of sign area per lin-

ear foot of street frontage, whichever is greater, but in no case may the sign exceed 150 

square feet in area. The maximum sign area calculation must be based on the street 

frontage to which the sign is oriented.  

 Signs in Office, Commercial and Industrial Zoning Districts 

 Applicability 
The regulations of this subsection apply to signs accessory to all office, commercial and in-

dustrial zoning districts. 

 Wall Signs  

1. Maximum Number  
A maximum of one wall sign is allowed per 100 feet of building frontage or fraction 

thereof. See §50.110-C for “building frontage” calculation rules. 

2. Maximum Area  

a. Except as expressly stated in §50.050-B2.b, the cumulative maximum area of all 

allowed wall signs may not exceed one square foot per each foot of building front-

age.  
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b. Regardless of the maximum wall sign area calculated pursuant to §50.050-B2.a, the 

maximum area of any single wall sign may not exceed 250 square feet.  

3. Location  

a. A wall sign may not cover more than 30% of the wall area to which it is attached.  

b. Wall signs may not extend above any parapet or be placed on any roof surface, ex-
cept that for purposes of this provision, roof surfaces constructed at an angle of 75 
degrees or more from horizontal are regarded as wall area. 

 Projecting Signs 

1. When Allowed 
Projecting signs may be substituted for allowed wall signs, provided that the total num-

ber and area of all wall signs and projecting signs combined may not exceed the limits 

established for wall signs in §50.050-B1 and §50.050-B2. 

2. Maximum Projection 
Projecting signs may not project more than 10 feet beyond the wall of the subject build-

ing. 

3. Vertical Clearance 
The bottom of a projecting sign must be at least 9 feet above the ground elevation be-

neath the sign.  

 Awning and Canopy Signs  

1. Non-illuminated awnings with no more than 6 square feet of sign (copy) area on the 

border of the awning may be used in addition to wall signs.  

2. Other awning signs or canopy signs may be substituted for allowed wall signs, provided 

that the total number and area of all wall signs, awning signs and canopy signs com-

bined may not exceed the limits established for wall signs in §50.050-B1 and §50.050-

B2. 

 Freestanding Signs 

1. Maximum Number 
A maximum of one freestanding sign is allowed per lot. If a lot has more than 1,300 feet 

of street frontage, a maximum of 2 freestanding signs are allowed. 

2. Maximum Area 
The maximum area of a freestanding sign may not exceed 0.3 square feet per linear feet 

of street frontage or 175 square feet, whichever is less.  

3. Maximum Height 
Freestanding signs in the HC zoning district may not exceed 25 feet in height. Free-

standing signs in all other office, commercial and industrial zoning districts may not ex-

ceed 12.5 feet in height. 

4. Location 

a. Freestanding signs must be set back at least 12.5 feet from all public rights-of-way 

and from the back of curb or outer edge of all driveways. 
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b. Freestanding signs must be set back at least 50 feet from all residential zoning dis-

tricts. 

5. Design 

a. Freestanding signs in all office, commercial and industrial zoning districts must be 

monument signs, provided that this provision does not apply to lots with frontage 

on Highway 74  

b. The ground area surrounding the base of all freestanding signs must be land-

scaped. The landscape area must be at least as large as the sign area. The land-

scape area must include shrubs, perennial and/or annual flowers, ornamental 

grasses, and/or other vegetative ground cover. Landscape plans, indicating plant 

materials and location must be submitted with the sign permit application. The ad-

ministrator is authorized to approve alternative landscape or base treatments if the 

administrator determines that landscaping at the base of the freestanding sign is 

impractical because of soil conditions, space constraints or other factors beyond 

the reasonable control of the applicant. Alternative landscape treatments may in-

clude additional landscaping elsewhere on the site, the use of masonry materials to 

conceal the base of the sign or other treatments that provide an equivalent or 

higher level of visual amenity than the otherwise required sign base landscaping. 

 Multi-tenant Developments  

1. Directory Signs 
In addition to other allowed signs, multi-tenant developments may have up to one di-

rectory sign for each driveway within the development. Directory signs may not exceed 

16 square feet in area and, if freestanding, may not exceed 6 feet in height. Directory 

signs are intended to convey information to pedestrians and motorists within the 

boundaries of the development.  

2. Freestanding Signs on Outlots and Outparcels 
A maximum of one freestanding sign is allowed per outlot or outparcel in a multi-tenant 

development. Freestanding signs on outlots and outparcels are subject to the following 

regulations: 

a. Maximum Area 
Freestanding signs on outlots or outparcels may not exceed 32 square feet in area.  

b. Maximum Height 
Freestanding signs on outlots or outparcels may not exceed 8 feet in height. 

c. Location and Design 
Freestanding signs on outlots or outparcels are subject to the location and design 

standards that apply to all other freestanding signs (see §50.050-E4 and §50.050-

E5). 

3. Master Sign Plans 

a. Applicability 
As an alternative to the allocation of permitted wall sign area on the basis of indi-

vidual building frontages, a differing allotment of sign area may be assigned to ten-

ants upon receipt and approval by the administrator of written authorization from 
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the owner or authorized management firm of the building or development. Such 

written authorization must be in the form of a master sign plan that complies with 

the provisions of this section. Master sign plans may not authorize a number or 

area of wall signs that exceed the overall limits established in §50.050-B. 

b. Contents  
Master sign plans must indicate the number, location, materials, colors and dimen-

sions of all freestanding and wall signs in the multi-tenant development. The mas-

ter sign plan must also identify the types of signs proposed and any other infor-

mation necessary to determine whether the proposed signs comply with the sign 

regulations of this article. 

 Menu Board Signs 
Menu board signs accessory to allowed drive-through uses are permitted in addition to 

other allowed signs, as follows:  

1. Number and Dimensions  
One primary menu board not to exceed 32 square feet in area or 8 eight feet in height is 

allowed per order station up to a maximum of 2 primary menu boards. One secondary 

menu board not to exceed 16 square feet in area or 6 six feet in height is also allowed. 

2. Residential Separation 
Menu board signs must be set back at least 75 feet from residential zoning districts.  

 Off-Premise Signs 

 Where Allowed 
Off-premises signs are allowed only in the HC zoning district and only if and to the extent 

that such signs:  

1. Comply with all applicable requirements of this ordinance;  

2. Are located on lots with frontage on Highway 74; 

3. Are located within a 1,000 foot radius of a principal building used for nonresidential pur-

poses; and  

4. Are not located within a 500-foot radius of an existing dwelling unit that is not owned 

by the owner of the land where the sign is to be located. A dwelling unit is deemed ex-

isting for purposes of this subsection if, at the time an application is filed for a sign per-

mit authorizing initial construction of the sign, the dwelling unit is in place or under con-

struction or if a valid building permit exists authorizing construction of the dwelling 

unit.  

 Spacing from Other Off-Premise Signs 

No off-premises sign may be located within a 1,000 foot radius of any other existing off-

premises sign. For purposes of this subsection, a sign is deemed existing if, at the time an 

application is filed for the second sign, the first sign was in place or under construction or a 

valid building permit exists authorizing construction of such off-premise sign.  

 Illumination 

 Except as otherwise expressly prohibited by this ordinance, signs may be illuminated if such 

illumination complies with the regulations of this section. 
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 Light trespass from any illuminated sign may not cause the light level along the right-of-

way line or any property line of a lot occupied by a residential dwelling unit to exceed 0.5 

foot-candles above ambient light levels. Maximum illumination levels are measured 3 feet 

above grade or from the top of any fence or wall along the property line.  

 Lighting directed toward a sign shall be shielded so that it illuminates only the face of the 

sign and does not shine directly into a public right-of-way or onto abutting property.  

  Nonconforming Signs 

 A nonconforming sign is a sign that was lawfully established in accordance with all regula-

tions in effect at the time of its establishment but that is no longer allowed by the sign regu-

lations currently in effect. 

 Subject to the remaining restrictions of this section, nonconforming signs may be contin-

ued. 

 No person may engage in any activity that causes an increase in the extent of nonconform-

ity of a nonconforming sign. Without limiting the generality of the foregoing, no noncon-

forming sign may be enlarged or altered in such a manner as to aggravate the nonconform-

ing condition. Nor may illumination be added to any nonconforming sign. 

 A nonconforming sign may not be moved or replaced except to bring the sign into complete 

conformity with this ordinance. 

 If a nonconforming sign is destroyed, it may not thereafter be repaired, reconstructed, or 

replaced except in conformity with all the provisions of this ordinance, and the remnants of 

the former sign structure must be cleared from the land. For purposes of this section, a non-

conforming sign is "destroyed" if damaged to an extent that the cost of repairing the sign to 

its former stature or replacing it with an equivalent sign equals or exceeds the value listed 

for tax purposes of the sign that is damaged. 

 The message of a nonconforming sign may be changed so long as this does not create any 

new nonconformities (for example, by creating an off-premises sign under circumstances 

where such a sign would not be allowed). 

 Subject to the other provisions of this section, nonconforming signs may be repaired and 

renovated so long as the cost of such work does not exceed within any 12-month period 

50% of the value listed for tax purposes of the subject sign. 

 If a nonconforming sign other than an off-premise sign advertises a business, service, com-

modity, accommodation, attraction or other enterprise or activity that is no longer operat-

ing or being offered or conducted, that sign is considered abandoned and must be removed 

within 30 days of such abandonment by the sign owner, owner of the subject property or by 

the person having control over the sign. 

 If a nonconforming off-premise sign remains blank for a continuous period of 12 months, 

that off-premise sign is deemed abandoned and must, within 30 days after such abandon-

ment, be altered to comply with this article or be removed by the sign owner, owner of the 

subject property, or by the person having control over the sign. For purposes of this section, 

a sign is "blank" if: 
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1. It advertises a business, service, commodity, accommodation, attraction, or other en-

terprise or activity that is no longer operating or being offered or conducted; or 

2. The advertising message it displays becomes illegible in whole or substantial part; or 

3. The advertising copy paid for by a party other than the sign owner or promoting an in-

terest other than the rental of the sign has been removed. 

 Administration 

 Except for signs expressly exempt from permit requirements no sign may be constructed, 

erected, moved, enlarged, illuminated, or substantially altered except in accordance with a 

sign permit. 

 Any person proposing to erect any sign requiring a sign permit must submit a sign permit 

application to the administrator. Application for such permit must be accompanied by de-

tailed plans, including scaled drawings of the proposed sign, a detailed site plan and other 

information deemed necessary by the administrator to determine compliance with applica-

ble regulations. 

 Sign permit fees must be paid prior to the issuance of a sign permit. 

 If the work associated with a sign permit has not been completed within one year of the 

date of the issuance of the permit, such permit will lapse and become null and void. 

 Maintenance 

 All signs and all sign components, including supports, braces, and anchors, must be kept in 

a state of good repair.  

 If the message portion of a sign is removed, leaving only the supporting "shell" of a sign or 

the supporting braces, anchors, or similar components, the owner of the sign or the owner 

of the property where the sign is located or other person having control over such sign 

must, within 30 days of the removal of the message portion of the sign, either replace the 

entire message portion of the sign or remove the remaining components of the sign.  

  

 No person may, for the purpose of increasing or enhancing the visibility of any sign, dam-

age, trim, destroy, or remove any trees, shrubs, or other vegetation located: 

1. Within the right-of-way of any public street, unless the work is done pursuant to the 

express written authorization of the North Carolina Department of Transportation; 

2. On property that is not under the ownership or control of the person doing or responsi-

ble for such work, unless the work is done pursuant to the express authorization of the 

person owning the property where such trees or shrubs are located; 

3. In any area where such trees are required to remain under a permit issued under this 

ordinance. 
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 Rules of Measurement 

 Sign Area 

1. Signs Enclosed in Frames or Cabinets 
The area of a sign enclosed in a frame or cabinet is determined based on the outer di-

mensions of the frame or cabinet surrounding the sign face (see Figure 50-1).  

Figure 50-1: Sign Area Mea Measurement (Signs in Cabinets or Frames) 

 

2. Channel (individual) Letter Signs 

a. The area of a sign comprised of individual letters or elements attached to a building 

wall is determined by calculating the area of the smallest geometric figure (e.g., 

square, rectangle, circle, polygon, etc.) that can be drawn around the letters and/or 

elements (see Figure 50-2).  

b.  Signs consisting of individual letters and/or elements are measured as one sign 

when the distance between the letters and/or elements is less than the largest di-

mension of the largest sign letter (see Figure 50-3). 

Figure 50-2: Sign Area Measurement (Individual Letter Signs) 
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Figure 50-3: Sign Area Measurement (Single vs. Multiple Signs) 

 

3. Multi-Sided Signs 
Unless otherwise expressly stated, when the sign faces of a multi-sided sign are parallel 

or within 30 degrees of parallel, only one side is counted for those purpose of determin-

ing the area and number of signs. If the sign faces are not parallel or within 30 degrees 

of parallel, all sign faces are counted (see Figure 50-4). 

Figure 50-4: Multi-Sided Signs 

 

 Sign Height 
The height of a sign is measured as the vertical distance from curb level to the highest point 

of the sign. 

Figure 50-5: Sign Height Measurement 

 

 Setback, Spacing and Separation Distances 
Required setback, spacing and separation distances between signs must be measured in a 

straight line from the nearest points on the respective sign structures. Required separation 

distances between signs and zoning districts, area or lots must be measured in a straight 
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line from the nearest point on the sign structure to the nearest point of the subject district, 

area or lot. 

 Illumination 
Sign illumination in foot-candles is measured at a maximum distance of 2 feet from the sign 

face. 

 Building Frontage 
Many of the wall sign regulations of this ordinance are based on “building frontage.” The 

following rules govern the measurement of building frontage.  

1. For buildings occupied by a single tenant or multiple tenants that access the building 

via a common entrance, building frontage is the exterior building wall (or walls) that: (1) 

is adjacent to a street or a parking area or other vehicle circulation area that is acces-

sory to and serves the subject building and (2) contains either windows or a public build-

ing entrance. Allowed wall sign area for a building that has 2 or more building frontages 

must be calculated on the basis of each individual building frontage. 

Figure 50-6: Building Frontage (1) 

 

2. On buildings housing more than one tenant where each tenant has their own outside 

entrance, a tenant’s building frontage is the exterior building wall (or walls) that directly 

abut the tenant’s interior floor space and that: (1) abuts, parallels, or is the nearest to 

parallel with a street or a parking area or other vehicle circulation area that is accessory 

to and serves the subject building and (2) contains either windows or a public building 

entrance. A tenant that has 2 or more building frontages must calculate the permitted 

sign area on the basis of each individual building frontage. 
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Figure 50-7: Building Frontage (2) 

 

3. Regardless of the height, number of stories, or number of tenants in a building, building 

frontage will be determined by one measurement of the horizontal length of the wall at 

finished grade. Buildings walls must be measured along a flat, unbroken plane, regard-

less of the presence of recesses or projections along the building wall.  

4. As an alternative to the allocation of permitted sign area on the basis of individual 

building frontages, a differing allotment of sign area may be assigned to the various 

tenants upon receipt and approval by the administrator of written authorization from 

the owner or authorized management firm of the building or development. Such writ-

ten authorization must be in the form of a master sign plan that complies with the pro-

visions of §50.050-F3. 

5. In no instance may the total combined sign area for all signs exceed the maximum al-

lowed sign area for the individual building frontages.  

 Wall Area 
The area of a wall is calculated by multiplying the building’s frontage by the building’s 

height or 20 feet, whichever is less. 

 Window Area 
The area of a window includes only the glass or glazed elements of the window. Frames, 

mullions and similar features are not counted as part of the window area (see Figure 50-8).  
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Figure 50-8: Measurement of Window Area 
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 Purposes 

 Landscaping and Screening 
The landscaping and screening regulations of this article establish minimum requirements 

for landscaping and screening. The regulations are intended to advance the general pur-

poses of this ordinance and more specifically to: 

1. Enhance quality of life for county residents and visitors; 

2. Protect property values;  

3. Enhance the quality and appearance of new development and redevelopment projects; 

4. Mitigate possible adverse impacts of higher intensity land uses abutting lower intensity 

land uses; 

5. Promote the preservation, expansion, protection and proper maintenance of existing 

trees and landscaping 

6. Help ensure wise use of water resources; 

7. Improve air quality; 

8. Protect water quality and reduce the negative impacts of stormwater runoff by reduc-

ing impervious surface area and providing vegetated areas that filter and retain greater 

amounts of stormwater on site; 

9. Moderate heat by providing shade; and 

10. Reduce the impacts of noise and glare. 

 Lighting 
The outdoor lighting regulations of this article (See Section 55.130) are intended to help en-

sure adequate lighting for motorized and nonmotorized travelers; provide for the efficient 

use of energy; and reduce the impacts of nuisance lighting and glare on nearby areas.  
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 Applicability 

 Landscaping and Screening 
The landscaping and screening regulations of this article apply as set forth in the individual 

sections of this article. In general, the regulations apply to new development that requires 

permitting or review by the county and significant expansion of existing uses and develop-

ments. Construction of detached houses, townhouses and two-unit houses on existing plat-

ted lots are exempt from compliance with the landscaping and screening regulations of this 

article. Parking and circulation areas located within a parking structure are exempt from 

parking lot landscaping requirements. 

 Lighting 
See §55.130-A) 

 Tree Removal and Replacement 

 Applicability 
The tree removal and replacement provisions of this section apply to naturally occurring 

trees located outside the buildable area of a lot or development site. For the purpose of 

these provisions “buildable area” means all areas located outside of: 

1. Required zoning district setbacks; 

2. Existing and proposed street rights-of-way and easements; 

3. Utility easements. 

 Inventory 
The location, size and species of all trees with a diameter breast height (DBH) of 12 inches 

or greater must be inventoried and shown on proposed development plans. 

 Requirements 

1. The removal of trees with a DBH of 12 inches or greater must be mitigated by providing 

one or more replacement trees with a total combined DBH equal to at least 125% of the 

total DBH of trees that are removed. The permit-issuing authority is authorized to mod-

ify or waive this tree replacement requirement when it is determined that inadequate 

area exists for healthy growth of replacement trees or when they determine that the 

removed trees are diseased, dying or of an invasive or undesirable species. 

2. Property owners are responsible for ensuring that all existing trees shown on approved 

plans as being retained to meet the requirements of this article are protected during 

the construction process from removal, destruction, or injury. Before any excavation 

takes place on the subject site, a barrier must be erected around the drip line of all such 

trees sufficient to put on notice all construction personnel that any disturbance of the 

area within the dripline of such trees is prohibited, except as expressly approved by the 

administrator. Required tree barriers must be shown on construction plans. 

 Street Frontage Landscaping 

 Applicability 
The street frontage landscaping regulations of this section apply to all lots in commercial or 

industrial districts in the following cases: 
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1. When new development occurs; or 

2. When the gross floor area, number dwelling units or area of impervious surface on an 

existing development site is expanded by more than 15%. 

 Requirements 
Street frontage landscaping must be provided adjacent to public street rights-of-way. Land-

scaping and screening is required in accordance with the S1 screening standards of §55.090-

B.  

 Materials, Design and Maintenance 
Street frontage landscape areas are subject to the regulations of Section 55.100. 

 Perimeter Parking Lot Landscaping 

 Applicability 
Perimeter parking lot landscaping must be provided to visually screen parking lots from 

public rights of way and from abutting residential zoning districts in all of the following 

cases: 

1. When any new parking lot is constructed that contains 10 or more parking spaces or 

more than 3,500 square feet of paved area; and 

2. When any existing parking lot is expanded to create 10 or more new parking spaces or 

more than 3,500 square feet of additional paved area.  

 Requirements 
Parking lot perimeter landscaping must be provided to visually screen parking lots from 

public street rights-of-way and abutting residential zoning districts. Landscaping and 

screening is required in accordance with the S1 screening standards of §55.090-B. Land-

scaping and screening material provided to meet the street frontage landscaping require-

ments of Section 55.040 count toward satisfying the perimeter parking lot landscaping re-

quirements of this section if they are in a location that provides an effective screen. 

 Materials, Design and Maintenance 
Perimeter parking lot landscaping is subject to the regulations of Section 55.100. 

 Interior Parking lot Landscaping 

 Applicability 
Interior parking lot landscaping must be provided in accordance with the regulations of this 

section in all of the following cases: 

1. When any new parking lot is constructed that contains 10 or more parking spaces or 

more than 3,500 square feet of paved area; and 

2. When any existing parking lot is expanded to create 10 or more new parking spaces or 

more than 3,500 square feet of additional paved area, in which case the interior parking 

lot landscaping requirements of this section apply only to the expanded area. 

 Requirements 

1. Interior parking lot landscaping must be provided in the form of at least one shade tree 

and 4 shrubs per 10 parking spaces. 
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2. Required interior parking lot landscaping must be provided in landscape islands.  

3. Landscape islands must have an area of at least 150 square feet and be at least 8 feet in 

width. Combining landscape islands to form larger interior landscape areas is allowed. 

4. Trees and landscape material located outside the perimeter of the parking lot may not 

be counted toward satisfying interior parking lot landscaping requirements. Trees and 

landscape material within the corners of the parking lot may be counted. 

5. Landscape islands must be dispersed so that the distance between islands is no greater 

than 1o parking spaces, but if landscape islands are combined to form depressed biore-

tention areas used for landscaping and stormwater management, the maximum allow-

able distance between such larger landscape islands is increased to 20 parking spaces. 

Figure 55-1: Interior Parking Lot Landscaping (Typical) 

 

 Materials, Design and Maintenance 
Interior parking lot landscaping is subject to the regulations of Section 55.100. 

 Land Use Buffers 

 Purpose 
The land use buffer regulations of this section are intended to: 

1. Screen lower density and intensity uses from higher density or intensity uses and re-

duce adverse visual effects and the impacts of noise, dust and odor; and 

2. Tailor land use buffer requirements to suit the varying intensities of use. 

 Applicability 
The land use buffer requirements of this section apply in in all of the following cases: 

1. When new development occurs; and 
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2. When an existing development is expanded by more than 15% in terms of gross floor 

area, number of dwelling units or paved area.  

 Location of Land Use Buffers 
Land use buffers must be located: 

1. Along the perimeter of the developing lot that abuts the protected zoning district; or  

2. In instances where the area represented by a site plan is significantly less than the total 

area of the lot, the permit-issuing authority is authorized to permit the screening re-

quired between the proposed use and protected district to be located in a land use 

buffer surrounding the smaller area. 

 Land Use Buffer Table 
Table 55-1 establishes minimum screening requirements. To determine the applicable re-

quirement, first identify the zoning of the subject property or the proposed use type (first 

column). Then identify the zoning district classification of the abutting property. The inter-

section of the row associated with the zoning classification or use of the subject property 

and the column associated with the abutting zoning shows the type of screen required (See 

Section 55.090 for an explanation of S1 and S2 screen types). 

Table 55-1: Land Use Buffer Table 

Subject Property (Zoning or Use) 

Zoning of Abutting Property (Protected Districts) 

RA-200 RA-40 RA-20 R-40 R-20 R-15 R-10 R-8 R-6 R-4 O B-2 B-3 B-4 HC LI HI 

B-2 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 – – – – – – – 

B-3 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 – – – – – – – 

B-4 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 – – – – – – – 

HC S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 – – – – – – – 

LI S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 – – – – – – – 

HI S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 – – – – – – – 

Adult Use S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2   
Multi-unit Building S1 S1 S1 S1 S1 S1     – – – – – – – 

Wireless Telecommunication Tower S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 S2 

 Equipment Screening 

 Purpose 
Equipment screening is intended to partially or completely shield identified site features 

from view of abutting streets or other abutting lots. 

 Dumpsters 
All dumpsters, must be screened from view of public rights-of-way and adjacent properties 

(other than properties in LI or HI zoning districts). Garbage and recycling receptacles for pe-

destrian use are exempt and household size containers serving individual dwelling units are 

also exempt. Dumpster screening must comply with at least the F1 standards of §55.090-D. 

 Mechanical Equipment 

1. Ground-mounted Equipment 
Mechanical equipment located at ground level, such as heating or cooling equipment, 

pumps, or generators must be screened from view of public rights-of-way and any 

abutting R districts by walls, fences or vegetation that is at least as tall as the equip-

ment it screens.  
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2. Roof-mounted Equipment 
Mechanical equipment placed on roofs must be screened in one of the following ways, 

if the equipment is within 50 feet of an R zoning district: 

a. A parapet along facades facing the R district that is as least as tall as the tallest part 

of the equipment; 

b. A screening structure around the equipment that is as least as tall as the tallest part 

of the equipment; or 

c. The equipment must be set back from roof edges facing the R district 3 feet for 

each one foot of equipment height. 

Figure 55-2: Roof-mounted Equipment Screening Options (Parapet, Screening Wall, or Setback) 

 

 

 

 Types of Screening 

 Preservation of Existing Trees 
The preservation of existing canopy and understory tree species is the preferred means of 

meeting the minimum buffer and screening requirements of this section. Incentives are of-

fered for use of existing mature trees (See §55.100-A). 
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 S1, Low-profile Screen 

1. Purpose 
The S1, low-profile screen is intended to help soften visual impacts of certain site fea-

tures and provide a defined visual “edge” along the border of lots and other site fea-

tures, while maintaining some visibility of the areas required to be screened. 

2. Design 
The S1 screen requires a hedgerow, dense planting of shrubs or ornamental grasses, 

decorative masonry wall or any combination of such features that results in a continu-

ous visual barrier at least 3 feet in height. In addition, at least one tree is required per 50 

linear feet of screen. Required trees may be clustered or irregularly spaced, but the 

maximum spacing of trees may not exceed 100 feet on-center. Vegetative material 

used as a screen must have a minimum height of 18 inches at the time of installation, 

with a height at maturity of at least 3 feet. 

Figure 55-3: S1 Screen (Typical) 

 

 S2, High-profile Screen 

1. Purpose 
The S2, high-profile screen is intended to be used in those instances where physical and 

visual separation is needed to buffer high-intensity land uses and site features from 

lower intensity land uses. 
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2. Design 
The S2 screen requires trees, shrubs and ground cover plants that form a continuous 

visual barrier at least 6 feet in height. In addition, one tree is required per 40 linear feet 

of screen. Required trees may be clustered or irregularly spaced, but the maximum 

spacing of trees may not exceed 80 feet on-center. A 6-foot-high masonry wall may be 

substituted for the required shrubs, but trees and ground cover plants are still required.  

Figure 55-4: S2 Screen (Typical) 

 

 F1, Screening Fence or Wall  

1. Purpose 
The F1, screening fence or wall is intended for use in those instances where a complete 

visual barrier is needed but where landscaping is generally not a practical solution. 

2. Design 
F1 fences or walls must be completely opaque and at least 6 feet in height. F1 fences 

may be made of wood, metal, or masonry construction.  
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Figure 55-5: F1 Screening Fence or Wall (Typical) 

 

 Materials, Maintenance and Design 

 Existing Trees and Vegetation 
Existing trees and vegetation may be counted toward satisfying the landscaping and 

screening regulations of this article. Any preserved tree with a diameter at breast height of 

at least 6 inches and any newly planted tree with a minimum caliper size of 4 inches or more 

is counted as 2 trees for the purpose of determining compliance with the minimum tree 

planting requirements of this article, provided there is no alteration of the soil grade under 

an existing tree’s drip line. 

 Plant Selection and Installation 

1. Trees and plants selected for required landscape areas must be well-suited to the cli-

mate and on-site soil conditions. Tree and plant species used to satisfy the minimum 

requirements of this article must be rated for survival in USDA Plant Hardiness Zone 7b.  

2. Trees and plant material must comply with the specifications found in American Stand-

ards for Nursery Stock (ANSI Z60.1). 

3. All required landscaping must be installed in conformance with the practices and proce-

dures established by the most recent edition of the American Standard for Nursery 

Stock (ANSI Z60.1) as published by the American Association of Nurserymen. 

4. Required landscaping must be installed in accordance with the landscape plan ap-

proved pursuant to Section 55.110. 

5. All landscaped areas adjacent to parking, driveways are adjacent to pavement shall be 

protected with curbs or equivalent barriers. 

6. Trees and landscaping must be located and maintained so as not to interfere with utili-

ties, street lighting and traffic control devices. 
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 Maintenance and Protection 

1. The property owner is responsible for the maintenance and protection of all required 

landscaping and screening, in accordance with American Standard for Nursery Stock 

(ANSI Z60.1) as published by the American Association of Nurserymen  

2. Failure to maintain landscaping is a violation of this ordinance. 

 Tree and Plant Species 
Tree and plant species listed in the North Carolina Department of Transportation’s Invasive 

Exotic Plants of North Carolina may not be credited toward satisfying the landscaping and 

screening requirements of this article. 

 Trees 

1. Ornamental and understory tree species planted to satisfy the tree planting require-

ments of this article must have a2-inch minimum caliper size and a minimum height of 

6 feet at the time of planting. 

2. Conifers or evergreen tree species planted to satisfy the tree planting requirements of 

this article must have a minimum height of 6 feet at the time of planting. 

3. Canopy tree species planted to satisfy the tree planting requirements of this article 

must have a2.5-inch minimum caliper size and a minimum height of 8 feet at the time 

of planting. 

 Shrubs, Ornamental Grasses and Perennials 
Shrubs, ornamental grasses and perennials planted to meet the requirements of this article 

must be of sufficient size and number to meet the required coverage and height standards 

within 2 years of planting.  

 Ground Cover 
All required landscape areas that are not planted with trees and shrubs must be planted in 

ground cover plants, which may include grasses. Mulch (as a ground cover) must be con-

fined to areas underneath trees and plants and is not an allowed substitute for ground cover 

plants. 

 Artificial Plants 
Artificial plants trees or other artificial vegetation may not be used to meet the require-

ments of this article. 

 Landscape Plans 
All applications for development and construction activities that are subject to the landscape and screening 

regulations of this article must be accompanied by a landscape plan. No building permit or similar authoriza-

tion may be issued until the administrator determines that the landscaping and screening regulations of this 

article have been met. 

 Alternative Compliance Landscape and Screening Plans 
In order to accommodate creativity in landscape and screening design and to allow for flexibility in addressing 

atypical, site-specific development/redevelopment challenges, permit-issuing authorities are authorized, af-

ter receipt of the required application and fee, to approve alternative compliance landscape plans when they 

determine that one or more of the following conditions are present: 
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 The site has space limitations or an unusual shape that makes strict compliance impossible 

or impractical; 

 Conditions on or adjacent to the site such as topography, soils, vegetation or existing struc-

tures or utilities are such that strict compliance is impossible, impractical or of no value in 

terms of advancing the general purposes of this chapter; 

 Safety considerations such as intersection visibility, utility locations, etc., make alternative 

compliance necessary; or 

 Creative, alternative landscape plans will provide an equal or better means of meeting the 

intent of the landscaping and screening regulations of this article. 

 Outdoor Lighting 

 Applicability and Exemptions 
The outdoor lighting regulations of this section apply to all outdoor lighting installed after 

the effective date specified in Section 1.030, except that they do not apply to any of the fol-

lowing:  

1. Outdoor lighting on lots occupied by residential buildings containing fewer than 4 

dwelling units; 

2. Street lights on public or private streets; 

3. Airport runway and aviation safety lights required by the FAA (e.g., warning lights on 

radio, communication and navigation towers); 

4. Lighting of official government flags; 

5. Outdoor lighting used for emergency equipment and work conducted in the interest of 

law enforcement or for public health, safety or welfare; 

6. Pedestrian-oriented lighting mounted no more than 5 feet above grade; 

7. Outdoor lighting used for a temporary event lasting no more than 10 days; and 

8. Temporary holiday light displays. 

 General Standards 
All outdoor lighting must comply with the following general standards:  

1. Safety 
Lighting must provide sufficient and safe illumination for motorized and nonmotorized 

circulation on the subject lot.  

2. Canopy-Mounted Lights 
Canopy lighting (e.g., gas stations) must include recessed fixtures with diffusers that do 

not extend below the canopy surface. 

3. Shielding 
Light sources must be concealed or shielded with cutoffs so that no more than 2.5% of 

the light emitted directly from the lamp or indirectly from the fixture is projected at an 

angle of more than 90 degrees above nadir and no more than 10% of the light emitted 

directly from the lamp or indirectly from the fixture is projected at an angle of more 

than 80 degrees above nadir.  
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Figure 55-6: Required Shielding 

 

4. Spillover Light 
Illumination along the lot line of the subject property may not exceed 0.5 foot-candles 

when abutting a residential zoning district and may not exceed 3.0 foot-candles when 

abutting any other zoning district or public right-of-way. Maximum illumination levels 

are measured 3 feet above grade or from the top of any screening fence or wall along 

the property line. 

 Lighting Plans 

1. General 
Outdoor lighting plans demonstrating compliance with the standards of this section are 

required with the submittal of a site plan. If no outdoor lighting is proposed, a note 

must be placed on the face of the site plan indicating that no outdoor lighting will be 

provided. Applicants have 2 options for the format of the required lighting plan: 

a. Submit a lighting plan that complies with the fixture height lighting plan require-

ments of §55.130-C2; or 

b. Submit a photometric plan demonstrating that compliance will be achieved using 

taller fixture heights, in accordance with §55.130-C3. 

2. Option 1: Fixture Height Standard Lighting Plan 
Option 1 (Fixture Height Standard Lighting Plans) establishes maximum light fixture 

heights but does not require submittal of a detailed photometric plan. A fixture height 

lighting plan must demonstrate compliance with the general standards of §55.130-B. 

a. Information Required 
Fixture height standard lighting plans must include at least the following:  

(1) A scale drawing of the site with all outdoor lighting locations shown; 
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(2) Fixture specifications, including catalog cut-sheets or generic standards; 

(3) Pole type and height of fixture; 

(4) Lamp type and size; 

(5) Fixture mounting and orientation; and 

(6) A statement signed by the property owner indicating that the proposed light-

ing complies with the provisions of this ordinance, including the provisions of 

§55.130-B. The statement must include the owner’s acknowledgement that 

outdoor lighting found to be in violation will be required to be removed, relo-

cated or otherwise redesigned to achieve compliance. 

b. Maximum Fixture Heights 

(1) Maximum allowed light fixture heights are based on the (ground-level) hori-

zontal distance between the light pole and any residential zoning district or 

public right-of-way, as established in Table 55-2:  

Table 55-2: Maximum Light Fixture Heights 
Light Pole Distance from Property Line 
or Public Right-of-Way (feet) 

Maximum Fixture Height (feet) 

15–50 16 
50.01–250 20 

More than 250 30 

(2) Allowable heights of light fixtures must be measured from the light-emitting 

surface to finished grade at the base of the pole. 

c. Shielding and Orientation 
All outdoor lighting shown on the fixture height standard lighting plan must use 

shielded fixtures. Light fixtures must be parallel to final grade and installed so that 

no direct light will shine beyond the subject property. The height and location of 

light poles and type fixtures are subject to approval through the site plan process. 

3. Option 2: Photometric Study 
Option 2 (Photometric Study Lighting Plan) does not establish maximum fixture 

heights. Instead, it requires preparation and submittal of a photometric study prepared 

by an electrical engineer or qualified lighting professional with demonstrated experi-

ence in preparing such studies. The lighting plan must provide sufficient detail to 

demonstrate that all applicable outdoor light standards will be met, including the gen-

eral standards of §55.130-B. The photometric study must include at least the following:  

a. A scale drawing of the site with all outdoor lighting locations shown; 

b. Fixture specifications, including catalog cut-sheets or generic standards; 

c. Lamp type and size; 

d. Fixture mounting heights, mounting orientation, and tilt angles if applicable; and 

e. A representative point-by-point illumination array for the site showing property 

lines and all off-site lighting impacts. 
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 Measurement of Illumination 
For analysis and enforcement purposes, light levels must be measured with a direct-read-

ing, portable light meter, calibrated annually by an independent laboratory regularly en-

gaged in the calibration of such instruments. The meter's sensor must be located at the top 

of the visual screening fence or wall along on the property line (or at a height of 3 feet above 

finished grade at the property line if there is no fence or wall), aimed towards the subject 

property in horizontal position. Readings must be recorded after the value has stabilized. 

Measurements are made after establishment of darkness with the light sources to be meas-

ured illuminated, and then with those light sources extinguished. The difference between 

these 2 readings will then be compared to the maximum allowed illumination at the prop-

erty line. In this way, contributions to light levels by the moon and other ambient light 

sources are eliminated and the light intensity from the subject light sources can be deter-

mined. 
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 Purpose and Intent 
The regulations of this article establish requirements for designing and installing infrastructure and improve-

ments in subdivisions and developments within the jurisdiction of this UDO. These standards are intended 

to: 

 Protect the public health, safety and welfare; 

 Promote the orderly growth and development of the county; and 

 Ensure the timely and coordinated provision of required transportation improvements, utili-

ties and other public facilities and services to new subdivisions and developments. 

 Infrastructure and Improvements Required 

 Developers are responsible for the construction and installation of the following infrastruc-

ture and improvements, in accordance with the standards of this UDO. 

1. Survey monuments; 

2. Streets within the development and improvements to existing streets that border the 

development; 

3. Sidewalks; 

4. Water supply and wastewater systems; 

5. Grading, surface drainage and erosion control measures; 
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6. Stormwater management improvements; 

7. Utilities; and 

8. Any other on- or off-site infrastructure or improvements required by this ordinance or 

required at the time of plan or plat approval. 

 If a developer files a final plat for only a portion of the subdivision for which a preliminary 

plan was approved, the improvements required to be constructed, installed, and main-

tained in accordance with that final plat are those improvements that the planning division 

director determines to be necessary to serve the lots shown on the proposed final plat. 

 All improvements must be designed and installed so as to provide for a logical inter-con-

nected system of infrastructure and to create continuity of improvements for the develop-

ment of adjacent properties.  

 Upon installation and construction of all required infrastructure and improvements, the de-

veloper may seek acceptance of improvements to be dedicated to the public by submitting 

the required number of as-built (record) plans. In addition, the developer must provide a 

statement signed by a registered professional engineer that all required improvements 

have been installed and constructed in accordance with the submitted as-built plans. 

 The developer is responsible for maintenance of all required infrastructure and improve-

ments, including rights-of-way, to the standards of this ordinance until such time as a unit 

of government, public or private utility, property owners association, lot owner, or other 

legal entity assumes formal, legal responsibility for maintenance of the infrastructure and 

improvements. Final plats must include the developer’s signed and notarized acknowledge-

ment of this responsibility. 

 Performance Guarantees and Security 

 Purpose  
Performance guarantee and security requirements are established for the purpose of ensur-

ing that developers properly install infrastructure and improvements required by this ordi-

nance in a timely manner, in accordance with approved plans.  

 Term  
The term of a performance guarantee may not exceed 2 years. The administrator may, for 

good cause and with the approval of the provider of the guarantee, grant up to 2 extensions 

of the term, with each such extension not to exceed one year.  

 Form and Amount of Security 

1. Security must be in the form of an irrevocable letter of credit, cash or other instrument 

readily convertible to cash. The performance guarantee and security must be condi-

tioned upon the performance of all work necessary to complete the required infrastruc-

ture and improvements.  

2. The amount of the performance guarantee must equal at least 125% of the estimated 

total cost of the required infrastructure and improvements.  

3. The estimated total cost of required infrastructure and improvements must be itemized 

by improvement type and certified by the developer’s registered professional engineer. 

In the case of minor subdivisions, the applicant’s registered professional engineer or 
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other licensed or registered professional as authorized by North Carolina General Stat-

ute, may provide the itemized cost estimate. Cost estimates must be based on industry 

norms within Union County.  

 Draws Against Security 
If the subject developer fails to properly install required infrastructure and improvements 

within the term of the guarantee, the security will be deemed in default. In the case of de-

fault, the county is authorized to use the security funds to complete the required infrastruc-

ture and improvements or to contract for installation of the required infrastructure and im-

provements. In the event of default or in cases where the security is inadequate to cover the 

cost of installing required infrastructure and improvements, the developer is responsible for 

paying any excess costs. 

 Release of Performance Guarantee  

1. Once the conditions of the performance guarantee have been completed to the satis-

faction of the appropriate agencies and any required maintenance guarantee has been 

provided in accordance with Section 60.040, the security must be released.  

2. No financial guarantee may be released until all required certifications of completion 

have been provided. 

3. Once all required infrastructure and improvements within the development or an ap-

proved phase of the development have been certified to be at least 50% complete, the 

security may be reduced by the ratio that the completed improvements bear to the to-

tal improvements required for the development or approved phase of development, 

provided that no more than one such reduction may be permitted prior to full release of 

the security.  

 Maintenance Guarantees and Security 

 Purpose 
Maintenance guarantees and security are required for the purpose of ensuring that streets 

and other improvements within the public right-of-way are properly maintained, free from 

defects, between the time of their construction and the time of formal acceptance for 

maintenance by NCDOT.  

 Timing  
A maintenance guarantee and required security must be in place before any required per-

formance security is released or before any building permits are issued for subdivisions con-

taining public street improvements.  

 Agreement  
Required maintenance guarantees for streets and other improvements within the public 

right-of-way must stipulate that the developer will maintain all streets, sidewalks, drainage 

improvements, and sedimentation and erosion control improvements to the standards of 

this ordinance until the public right-of-way improvements are added to the state-main-

tained road system. It must also state that the subject developer will be responsible for cor-

recting any defects that may arise during the maintenance period and for removal of any 

temporary sedimentation and erosion control measures.  
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 Form and Amount of Security 
Initial posting of required maintenance security must be in the form of an irrevocable letter 

of credit, cash or other instrument readily convertible to cash. The amount of the mainte-

nance security must be at least 25% of the total cost of all improvements required within 

the public right-of-way, except for sewer and water improvements. The estimated cost of 

the required improvements must be itemized and certified by the applicant’s registered 

professional engineer or other registered or licensed professional, as authorized by North 

Carolina General Statute. Cost estimates must be based on industry norms within Union 

County.  

 Term  
The maintenance guarantee agreement must have a term of at least 1 year and may be re-

newed at the election of the county. The agreement must also provide that the developer 

pay a fee to cover the county’s administrative costs. The county may call the financial guar-

antee if required documents for renewal have not been received by the county at least 2 

weeks prior to expiration of the current agreement and guarantee.  

 Property Owners Associations 

 Establishment  
If property owners will be responsible for the maintenance and control of streets, open 

space, recreational facilities, or other infrastructure or improvements within a subdivision, a 

property owners association must be established. The property owners association must 

have legal authority to maintain and exercise control over the common areas and facilities 

to be maintained, including the power to compel contributions from residents or property 

owners to cover their proportionate share of the costs associated with maintenance.  

 Documentation  

1. Documents providing for the establishment of a property owners association must be 

submitted to the administrator before approval and recordation of the final plat.  

2. The county’s review is limited to ensuring that the property owners association has 

clear legal authority to maintain and exercise control over the common areas and facili-

ties, including the power to compel contributions from residents and property owners 

to cover their proportionate share of the costs associated with the maintenance of the 

common areas and facilities.  

 Survey Monuments and Markers 
Permanent survey monuments and markers must be installed in accordance with NCGS 39-32 and 47-

30. 

 Lots and Access 

 Lots 

1. The size, shape and orientation of lots must comply with applicable zoning district 

standards and be appropriate for the location, topography and physical features pre-

sent and for the type of development and use contemplated. 

2. Minimum lot dimensions, building setback lines and lot areas must conform to applica-

ble zoning district requirements. 
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 Access to Lots 
Every lot must front on or have access to a public or private street or a private drive that 

complies with all applicable standards of this ordinance.. See also Section 60.100 and Sec-

tion 60.110 for information about private drives and public and private streets. 

 Access to Major Streets or Highways 

1. When a tract of land to be subdivided or developed abuts a freeway, expressway or 

boulevard street, the county or NCDOT may require that the developer take one or 

more of the following actions: 

a. Provide a frontage road parallel to the major street or highway; 

b. Utilize reverse frontage and take access to an interior street for the lots abutting 

the major street or highway; 

c. Limit the number of driveways accessing the major street or highway; and 

d. Establish deed restrictions or other legally enforceable means of preventing private 

driveway access to the major street or highway. 

2. Whenever a tract proposed for subdivision borders on or contains an existing or pro-

posed boulevard, then all lots created out of such tract must have sufficient frontage on 

another (non-boulevard) street (either pre-existing or created as part of the subdivision) 

so that direct access to such lot need not be provided by the boulevard street, unless 

compliance with this requirement is not reasonably practicable due to the size or shape 

of the tract to be divided. The final plat creating the subdivision must expressly indicate 

a limitation on driveway access to the boulevard street for those lots that have alterna-

tive access.  

3. Traffic service and land access are necessary but conflicting functions of a highway sys-

tem. Although boulevard streets provide both traffic service and limited access, access 

is a secondary function that must be controlled to avoid jeopardizing the primary traffic 

service function. The following provisions are an attempt to protect the public interest 

and safety of highway users by achieving access control when that objective is not 

achieved under subsection (a) either because a proposed development is not a subdivi-

sion or because compliance with §60.070-C2is not reasonably practicable.  

a. The term "access control," as used in this subsection, refers to all techniques in-

tended to minimize the traffic interference associated with driveway access.  

b. To separate basic conflict areas and gain some semblance of access control, tech-

niques that will allow the reduction of driveway numbers or directly increase the 

spacing between driveways or between driveways and intersections will be re-

quired to the extent reasonably practicable to achieve the following limitations for 

driveway access in relation to highway frontage.  

c. Where highway speed is 55 mph, driveway spacing must be at 300-foot intervals or 

greater. Where highway speed is 45 mph, spacing must be at 230-foot intervals or 

greater.  

d. Adjacent or adjoining lots with small highway frontages may be required to share 

access along one driveway.  
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e. Whenever separate or single parcels are assembled under one purpose, plan, en-

tity, or usage, consolidation of existing direct access is required to the extent feasi-

ble. Approval depends on the developers' plans to use existing driveways, close 

other existing driveways, and/or redesign and rebuild some existing driveways. 

However, the number of access points may not exceed the limits provided in this 

subsection, based on highway frontage.  

f. Decision-making bodies are authorized to approve deviations from the access con-

trol standards of this subsection when the technical feasibility (the geometric de-

sign and operational requirements for implementation) does not compromise the 

"access control" and when the decision-making body determines, based on evi-

dence provided by the applicant, that the lots in question could not be developed 

without such deviations or when the North Carolina Department of Transportation 

advises that a particular development design or technique can still achieve a satis-

factory level of "access control" consistent with the objectives of this subsection.  

Lot Frontage Maximum Number of Driveways 
Less than 500 feet  1  

Greater than 500 feet but less than 1,000 feet  2  
Greater than 1,000 feet.  3  

 Flag Lots 

1. The creation of flag lots is prohibited, except that flag lots may be approved when the 

authorized decision-making authority determines that a flag lot is necessary to address 

one or more of the following circumstances:  

a. To avoid direct access onto boulevard or thoroughfare streets;  

b. When a property owner demonstrates that, because of the irregular shape of a 

tract or its difficult topography or for some other substantial reason, the creation of 

a flag lot is reasonably necessary to avoid extreme hardship to the property owner 

and can be accomplished without creating substantially adverse effects on neigh-

boring properties or the public health or safety; 

c. When a flag lot would provide greater protection of natural resources areas (e.g., 

streams); or 

d. To help hide or conceal utility buildings/substations, or radio, television or telecom-

munication towers. 

2. Under no circumstances may a flag lot be created if the effect is to increase the number 

of access points onto a boulevard or thoroughfare street.  

3. A flag lot may be used only for a detached house (including any uninhabited accessory 

structures); a utility; or a radio, television, or telecommunication tower (when permit-

ted by zoning). 

4. The flagpole section of the flag lot may not exceed 200 feet in length. 

5. The flagpole section of the lot must have a minimum width of at least 20 feet for its en-

tire length. 

6. Use of a single driveway to serve abutting flag lots or to serve a flag lot and an abutting 

conventional lot is permitted and encouraged. In the latter case, the preferred location 
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for the driveway is on the flagpole portion of the flag lot, with the conventional lot 

granted an access easement over the flagpole. 

 Driveways and Entrances 

 All driveway entrances and other openings onto streets must be constructed so that:  

1. Vehicles can enter and exit from the lot in question without posing any substantial dan-

ger to motorized or non-motorized traffic; and  

2. Interference with the free and convenient flow of traffic on abutting or surrounding 

streets is minimized.  

 Driveway entrances and other openings onto streets that are constructed in accordance 

with NCDOT’s Policy on Street and Driveway Access to North Carolina Highways are deemed 

to be prima facie evidence of compliance with the standard set forth in §60.080-A.  

 For purposes of this section, the term "prima facie evidence" means that the permit-issuing 

authority may (but is not required to) conclude from the specific evidence alone that the 

proposed development complies with §60.080-A.  

 As provided in Section 60.160, developers may be required to submit a traffic impact analy-

sis.  

 Blocks 

 The length, width and shape of blocks must be suited for the planned use of the land, and 

need for convenient access, control and safety of street traffic and the limitations and op-

portunities relating to the terrain and natural environment.  

 Blocks may not exceed 660 feet in length in residential subdivisions with a gross density of 4 

or more dwelling units per acre. In nonresidential subdivisions and lower density residential 

subdivisions blocks may not exceed 1,320 feet in length. The administrator is authorized to 

allow longer block lengths if topography, sensitive natural resources or other physical con-

straints make shorter block lengths undesirable or impractical. If blocks exceed 800 feet in 

length, the administrator is authorized to require the provision of emergency vehicle access 

routes, pedestrian connections (easements), crosswalks and other pedestrian access fea-

tures that provide safe and adequate vehicle access and pedestrian connections to schools, 

playgrounds, shopping areas, transportation and other community facilities in the area. 

 Blocks must have a width that accommodates 2 rows of lots, except when reverse frontage 

along major streets is provided or where prevented by topographic conditions or size of the 

property or location next to a boulevard. 

 Private Drives 

 When Allowed 
Any number of existing and newly created lots that each have a minimum lot area of at 

least 10 acres may take their required access from an existing, new or extended private 

drive. In addition, any lot of record as of February 14, 1978, may be divided one time to cre-

ate up to 2 additional lots that have their required access from a private drive. 
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 Standards 

1. All private drives created after the effective date specified in §65.010-C must be pro-

vided within a perpetual access easement that must be officially recorded with the reg-

ister of deeds. 

2. Access easements for private drives must be at least 20 feet in width and be the subject 

of a binding maintenance agreement among all current and future owners of lots that 

take access to the private drive. The maintenance agreement must be approved as to 

form by the county legal department. 

 Public and Private Streets and Sidewalks 

 General; Applicability 
Except as expressly allowed by Section 60.100, all lots created after the effective date speci-

fied in Section 1.030 must have access to a public or private street, provided that any resi-

dential subdivision that includes 25 or more lots and that is served by newly created public 

streets may create up to 2 lots with access to a private drive. The street and sidewalk stand-

ards of this section apply to all public and private streets unless otherwise expressly stated. 

 Design 
Streets within developments must conform to the arrangement, width and location indi-

cated in the comprehensive plan and adopted transportation plans. In addition, the street 

system must be laid out and designed with due regard for topography and drainage and to: 

1. Create an integrated system of lots, streets, and infrastructure that provides for effi-

cient movement motor vehicles and non-motorized modes of transportation, both 

within the development and to and from adjacent developments; 

2. Provide for the efficient movement of through traffic by providing an interconnected 

network of streets in order to avoid isolation of development areas and over-reliance on 

major roads; and 

3. Be uncomplicated, so that emergency services, public services, and visitors can find 

their way to their intended destinations. 

 Street Rights-of-Way 

1. Streets must have a right-of-way width that complies with the transportation plan and 

that will safely accommodate motorized and non-motorized transportation improve-

ments, street cross-sections and roadway drainage facilities. 

2. When a proposed development has frontage on an existing public street, right-of-way 

must be dedicated and improved to meet the requirements of this ordinance. For exist-

ing streets on which a proposed development has frontage, the applicant must:  

a. Dedicate at least 50% of the required right-of-way width; and 

b. Install any required sidewalks. 

3. Right-of-way dedication and sidewalk installation must extend for the full length of 

street frontage of the property under development and must conform to the standards 

of this ordinance. 
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4. Utilities installed in public rights-of-way or along private streets must comply with the 

requirements of Section 60.190 and Union County public works requirements. 

5. Half streets (i.e., streets of less than the full required right-of-way and pavement width) 

are prohibited except when such streets, when combined with a similar street (devel-

oped previously or simultaneously) on property adjacent to the subdivision, creates or 

comprises a street that meets the right-of-way and pavement requirements of this ordi-

nance. 

 Street Standards  

1. Unless otherwise expressly stated in this ordinance, all public and private streets must 

be constructed in accordance with standards established by the North Carolina Depart-

ment of Transportation (NCDOT) Division of Highways, including all standards of de-

sign and construction, including right-of-way-widths.  

2. All new streets must have 10 inches of ABC or 5 inches of B25.0C (Asphalt Concrete 

Base Course) and 2 lifts of S9.5B (Asphalt Concrete Surface Course) with a minimum 

depth of 1.5 inches for each lift. The first 1.5-inch lift of S9.5B must be placed immedi-

ately upon the properly prepared base course. The final 1.5-inch lift of S9.5B surface 

course must be placed on the intermediate surface course once the development or ap-

proved phase of the development has received 75% of the occupancy permits for the 

development or approved phase of development. All known base course and intermedi-

ate course failures must be repaired before application of the final 1.5-inch lift of as-

phalt surface course. 

3. When private streets are proposed, the developer will be solely responsible for payment 

of all engineering, construction and other costs related to installation of the private 

streets. The county will coordinate street plan review and construction inspection with 

a private engineering firm, selected by Union County. All plans must be signed and 

sealed by a North Carolina registered professional engineer. The developer is responsi-

ble for providing required funds to the county, and the county, in turn, will be responsi-

ble for contracting with the review engineering firm, scheduling and payment for all 

review and inspection fees incurred from funds provided in advance by the developer. 

Final Plats will not be released until the review engineer provides written approval of 

the street profiles and states that “the streets are designed in accordance with NCDOT 

Subdivision Roads Minimum Construction Standards.” Performance guarantees and 

construction security (See Section 60.030) may not be released until the review engi-

neer provides a geotechnical report and certifies that all work has been completed and 

constructed in accordance with NCDOT Subdivision Roads Minimum Construction Stand-

ards, signed and sealed. 

 Coordination with Surrounding Streets 

1. The street connection and coordination standards of this section apply to all residential 

subdivisions containing more than 50 lots. 

2. A coordinated, interconnected street network is important to: 

a. Provide safe, convenient, and efficient means of access to lots; 

b. Promote orderly development patterns; 
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c. Facilitate the effective and efficient provision of emergency and public services; 

and  

d. Avoid degradation of the traffic carrying capacity on the major street network. 

3. The street system within a development must be coordinated with existing, proposed 

and anticipated streets outside the development or outside the portion of a single tract 

that is being divided into lot.  

4. Boulevard and thoroughfare streets must intersect with surrounding boulevard and 

thoroughfare streets at safe and convenient locations.  

5. Public streets in new developments must connect with public streets in adjacent devel-

opments and provide for future extension of streets into adjacent areas that are likely 

to be developed in the future. Public street connection requirement waivers may be ap-

proved if topography, sensitive natural resources or other physical constraints make 

such connections undesirable or impractical.  

6. Whenever connections to anticipated or proposed surrounding streets are required by 

this section, the street right-of-way must be extended and the street developed to the 

property line of the property being developed (or to the edge of the remaining undevel-

oped portion of a single tract) at the point where the connection to the anticipated or 

proposed street is expected. Streets proposed for future extension (“stub streets”) must 

be terminated with temporary turnarounds when more than 3 lots have access solely 

from the stub street. Stub streets are subject to the maximum cul-de-sac length stand-

ard of §60.110-F. 

7. Temporary turnarounds must comply with NCDOT standards.  

8. The developer must post a sign at the terminus of all temporary stub streets indicating 

that the stub street will be opened to through traffic when the adjacent property is de-

veloped. The sign must state “FUTURE THROUGH STREET. TO BE CONNECTED 

WHEN ABUTTING PROPERTY DEVELOPS.” The county may provide specifications for 

required signs. 

 Cul-de-Sacs 

1. Cul-de-sacs streets may not exceed 1,320 feet in length or provide sole access to more 

than 20 dwelling units. The length of a cul-de-sac street is measured from the center 

point of its turnaround, along the centerline of its right-of-way to the nearest edge of 

the right-of-way of the nearest intersecting street.  

2. Turnarounds at the end of cul-de-sac streets must be constructed in accordance with 

NCDOT standards.  

3. If a cul-de-sac is longer than 800 feet, the county is authorized to require the provision 

of a pedestrian access easement to provide safe and convenient pedestrian access be-

tween the terminus of the cul-de-sac and any adjacent areas. Such pedestrian access 

easements must have a minimum width of 10 feet. 

 Sidewalk, Curb and Gutter Requirements  

1. Street rights-of-way are designed and developed to serve several functions: (i) to carry 

motor vehicle traffic, and in some cases, allow on-street parking; (ii) to provide a safe 
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and convenient passageway for pedestrian traffic; and (iii) to serve as an important link 

in the county's drainage systems. In order to fulfill these objectives, all streets must be 

constructed to meet the standards set forth in this section.  

2. Local streets must be constructed with curb and gutter in all zoning districts, unless (i) 

the local street is located within a residential district and (ii) all lots in the residential 

subdivision within which the local street is located have a lot area of at least 20,000 

square feet. In addition, whenever curb and gutter is required pursuant to this section, a 

sidewalk must be installed along one side of the street, unless (i) the street is in a resi-

dential district and serves fewer than 25 dwelling units, or (ii) the permit issuing author-

ity determines that given the likely use of the sidewalk, its cost is utterly disproportion-

ate to its value to the public. In all cases, local streets and curb and gutter must be con-

structed in accordance with NCDOT standards. 

3. Thoroughfare streets must be constructed with curb and gutter in all zoning districts, 

unless (i) the thoroughfare street is located within a residential district and (ii) all lots in 

the residential subdivision within which the thoroughfare street is located have a lot 

area of at least 20,000 square feet. In addition, whenever curb and gutter is required 

pursuant to this section, sidewalks must be installed along both sides of the street un-

less the permit-issuing authority determines that given the likely use of the sidewalk, its 

cost is utterly disproportionate to its value to the public. In all cases, thoroughfare 

streets must be constructed in accordance with NCDOT standards.  

4. The maximum grade at any point on a street constructed without curb and gutter is 8%.  

5. Boulevard and thoroughfare streets must be consistent with the transportation plan 

and be constructed in accordance with the standards established by NCDOT.  

6. The sidewalks required by this section must be at least 5 feet in width and constructed 

in accordance with NCDOT standards, except that the permit-issuing authority is au-

thorized to allow the installation of walkways constructed with other suitable materials 

when it concludes that:  

a. Such walkways would serve the residents of the development as adequately as con-

crete sidewalks; and  

b. Such walkways would be more environmentally desirable or more in keeping with 

the overall design of the development.  

7. Whenever the permit-issuing authority finds that a means of pedestrian access is nec-

essary from a subdivided development to schools, parks, playgrounds, or other streets 

or facilities and that such access is not conveniently provided by sidewalks adjacent to 

the streets, the developer may be required to reserve an unobstructed easement of at 

least ten feet in width to provide such access.   

8. As provided in NCGS 136-ff.14, whenever curb and gutter construction is used on 

streets, wheelchair ramps must be provided at intersections and other major points of 

pedestrian flow. Wheelchair ramps and similar accessibility features must be con-

structed in accordance with NCDOT standards.  
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 Street Intersections 

1. Streets must intersect as nearly as possible at right angles, and no 2 streets may inter-

sect at less than 60 degrees. No more than 2 streets may intersect at any one point, un-

less the N. C. Division of Highways certifies to the permit-issuing authority that such an 

intersection can be constructed with no extraordinary danger to public safety.  

2. Whenever possible, proposed intersections along one side of a street must coincide 

with existing or proposed intersections on the opposite side of such street. In any event, 

when a centerline offset (jog) occurs at an intersection, the distance between center-

lines of the intersecting streets must be at least 150 feet.  

3. Except when no other alternative is practicable or legally possible, no 2 streets may in-

tersect with any boulevard street on the same side at a distance of less than 1,000 feet 

measured from centerline to centerline of the intersecting streets. Along other (non-

boulevard) streets, the minimum distance between intersecting streets must be at least 

400 feet.  

 Disclosures for Private Drives and Private Streets 

 No final plat that shows lots served by private streets or private drives may be recorded un-

less the final plat contains the following notation: “Further subdivision of any lot shown on 

this plat as served by a private street or private drive may be prohibited unless the private 

drives or streets shown on this plat are improved to state standards."  

 The recorded plat of any subdivision that includes a private street or private drive must 

clearly state that such drive or street is privately owned and maintained. Further, the initial 

purchaser of a newly created lot served by a private drive or private street must be fur-

nished by the seller with a disclosure statement outlining maintenance responsibilities for 

the street, as provided in NCGS 136-102.6.  

 Street and Sidewalk Requirements in Unsubdivided Developments 

 Within un-subdivided developments, all private streets and access ways must be designed 

and constructed to facilitate the safe and convenient movement of motorized and non-mo-

torized travel.  

 Whenever a private street in an un-subdivided development connects 2 or more boulevard 

or thoroughfare streets in such a manner that any substantial volume of through traffic is 

likely to make use of the private street, the private street be constructed in accordance with 

the standards applicable to subdivision streets and be dedicated.  

 In all un-subdivided residential developments, sidewalks must be provided linking dwelling 

units with other dwelling units, the public street, and on-site activity centers such as parking 

areas, laundry facilities, and recreational areas and facilities. Notwithstanding the forego-

ing, sidewalks are not required when pedestrians have access to a street that serves fewer 

than 10 dwelling units.  

 Whenever the permit-issuing authority finds that a means of pedestrian access is necessary 

from an un-subdivided development to schools, parks, playgrounds, or other streets or fa-

cilities and that such access is not conveniently provided by sidewalks adjacent to the 
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streets, the developer may be required to reserve an unobstructed easement of at least ten 

feet to provide such access.  

 The sidewalks required by this section must be at least 5 feet in width and constructed in 

accordance with NCDOT standards and the North Carolina State Building Code, except that 

the permit-issuing authority may permit the installation of walkways constructed with 

other suitable materials when it concludes that:  

1. Such walkways would serve the residents of the development as adequately as con-

crete sidewalks; and  

2. Such walkways could be more environmentally desirable or more in keeping with the 

overall design of the development.  

 Street Names and Street Name Signs 

 Street names may not duplicate or be phonetically similar to existing street names within 

the county regardless of the use of different suffixes. Proposed streets that are a continua-

tion of an existing street must be given the same name as the existing street. All street 

names are subject to approval by the permit-issuing authority. 

 Appropriate street name signs that meet county specifications must be placed at all inter-

sections by and at the expense of the developer.  

 Vehicular Bridges 
All vehicular bridges must be constructed in accordance with the standards and specifications of the North 

Carolina Department of Transportation.  

 Traffic Impact Analyses (TIA) 

 Purpose 
A traffic impact analysis (TIA) may be required to evaluate the effect a proposed develop-

ment will have on the county’s existing transportation system and may require specific im-

provements to mitigate the impact of development on public streets. 

 Applicability 

1. A TIA is required for any proposed development that meets any of the following 

thresholds: 

a. Residential developments proposing 100 or more lots/units; 

b. New residential or nonresidential developments or expansions of existing develop-

ments that would result in average daily traffic counts of 1,000 or more vehicles per 

day (ADT) or 100 plus trips during peak traffic hour (PHT). This traffic count must be 

based on the latest version of the Institute of Transportation Engineers (ITE) Trip 

Generation Manual; or 

c. New schools with an enrollment of more than 150 students. 

2. A TIA is not required if the property to be developed has been the subject of a TIA 

within the previous 3 years and the projected trip generation of the newly proposed 

development is equal to or less than the previous TIA performed and the trip distri-

bution has not significantly changed. 
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3. For sites of special traffic concern (such as those found along blind curves, streets 

that exceed their design capacity, when driveways will be in close proximity to an 

existing traffic signal, etc.), the administrator or NCDOT may require a technical 

memo or signal warrant analysis, prepared by a traffic engineer or transportation 

planner. 

 Preparation 
Any TIA, whether required or voluntarily, must be prepared by a licensed engineer. 

 Timing of TIA Submittal 

1. When required, a TIA must be submitted before issuance of any development per-

mits and before preliminary subdivision plat approval. 

2. Before preparing the TIA, the developer must hold a scoping meeting with the ad-

ministrator and NCDOT to identify the area and needs that must be addressed in 

the analysis. 

 TIA Considerations 

1. The TIA must consider the future impact of other proposed land uses in the study 

area not yet developed, but which may have a statutory or common law vested 

right as defined in NCGS 153A-344.1. 

2. The TIA must consider the future impact of nearby proposed/planned NCDOT road-

way improvement projects. 

3. The TIA must consider the future impact of any officially-adopted transportation 

plans in the study area. 

 TIA Improvement Requirements 

1. The TIA must provide the following information in an effort to identify the improve-

ments necessary to maintain LOS-D (at build-out) for streets and intersections as 

defined in the Highway Capacity Manual: 

a. Capacity analysis, 

b. Detailed description of the proposed development, 

c. Number of access points proposed, 

d. Future Level of Service (LOS) for studied intersections and street segments includ-

ing the LOS at the time of build-out, 

e. Proposed AM and PM Peak Hour Trips, based on the latest edition of the ITE Trip 

Generation Manual, 

f. Average Daily Trips created by the development at build-out , based on the latest 

edition of the ITE Trip Generation Manual, and 

g. Any recommended transportation-related improvements 

2. Required improvements may include the following: 
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a. Left Turn Lane, Right Turn Lane, and/or Right Turn Taper 
Based on requirements of NCDOT’s Policy on Street and Driveway Access to North 

Carolina Highways or other NCDOT standards. 

b. Additional Right-of-Way 
If a subject development falls along a street projected to be widened by NCDOT or 

shown as being widened in the transportation plan, additional right-of-way along 

the development’s street frontage must be reserved or dedicated as determined by 

NCDOT or the county. 

c. Off-site Improvements 

(1) If a street segment or intersection is currently performing at LOS D or better 

and is projected to perform at LOS E or F at the time of build-out, the TIA must 

demonstrate how LOS D could be maintained and also specify what improve-

ments would be required to ensure that the street segment or intersection is 

not degraded any further than current levels.  

(2) If a street segment or intersection is currently performing at LOS E or F and is 

projected to continue to perform at LOS E or F at the time of build-out, the TIA 

must demonstrate how LOS D could be achieved and also specify the types and 

costs of improvements that would help ensure that the street segment or inter-

section is not degraded any further than the current levels.  

(3) Identified deficiencies in existing or projected levels of service do not automati-

cally preclude approval of the proposed development. The county may, how-

ever, require that the developer participate in providing off-site improvements 

that will preserve or restore LOS D. 

d. Safety Improvements 
Additional traffic safety-related improvements may be required based on the TIA 

findings related to topographic/environmental conditions, sight distance, street 

offsets, conflicting movements, existing traffic accident counts, and other improve-

ments deemed necessary by the county to ensure the safety and welfare of the 

county’s citizens and travelers.  

3. A TIA may not be used as a basis for the county to require property owners or devel-

opers to make transportation improvements not affected by the property for which the 

TIA is submitted. 

 Installation of Improvements 
Any improvements identified by the TIA that are related to the required subdivision im-

provements must be installed or be the subject of an approved performance guarantee (See 

Section 60.030)  prior to approval of any final plat or development permit. 

 Drainage and Stormwater Management 

 Natural Drainage Systems 

1. All development must conform to the natural contours of the land and natural and pre-

existing human-made drainage ways must remain undisturbed, except as otherwise 

expressly approved by the county. 
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2. Lot boundaries must be made to coincide with natural and pre-existing human-made 

drainage ways to avoid the creation of lots that can be built upon only by altering such 

drainage ways, except as otherwise expressly approved by the county.  

 General Drainage Standards 

1. All developments must be provided with a drainage system that is adequate to prevent 

the undue retention of surface water on the development site. Surface water will not be 

regarded as unduly retained if:  

a. The retention results from a technique, practice or device deliberately installed as 

part of an approved sedimentation or stormwater management plan; or  

b. The retention is not substantially different in location or volume than that experi-

enced by the development site in its pre-development stage, unless such retention 

presents a danger to health or safety.  

2. No surface water may be channeled or directed into a sanitary sewer.  

3. Whenever practicable, the drainage system of a development must coordinate with 

and connect to the drainage systems or drainage ways on surrounding properties or 

street.  

4. Use of drainage swales rather than curb and gutter and storm sewers in subdivisions is 

provided for in§60.110-G. Private streets and access-ways within un-subdivided devel-

opments must utilize curb and gutter and storm drains to provide adequate drainage if 

the grade of such streets or access ways is too steep to provide drainage in another 

manner or if other sufficient reasons exist to require such construction.  

5. Drainage swales, curbs and gutters, and storm drains must be designed and con-

structed in accordance with NCDOT standards.  

6. No fences or structures may be constructed across an open drainageway that will re-

duce or restrict the flow of water.  

7. The administrator is authorized to require that any water course or stormwater man-

agement facility be located within a dedicated drainage easement that provides suffi-

cient width for maintenance and that is officially recorded with the register of deeds. 

 Stormwater Management 

1. No development may be constructed or maintained so that such development impedes 

the natural flow of water from higher adjacent properties.  

2. No development may be constructed or maintained so that the natural flow of surface 

waters from such development are discharged in another location or  increased in vol-

ume over predevelopment conditions. 

3. Post-development stormwater discharge rates at the property boundary of an ap-

proved cluster development may not exceed the pre-development rate for the 2- and 

25-year storm events. This regulations does not apply if discharging directly into a 

FEMA-regulated floodplain. 

 Site Grading 
The following standards apply in establishing the grading plan for a proposed development. 
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1. Positive Drainage Required 
Developments must be designed and constructed with a positive drainage flow away 

from buildings towards approved stormwater management facilities.  

2. Drainage Plans to Account for all Development 
In the design of site grading plans, all impervious surfaces in the proposed development 

(including off-street parking areas and other built-upon areas) must be considered. 

3. Protection from Sedimentation 
Site grading and drainage facilities must protect wetlands, ponds and lakes from in-

creased sediment loading. 

4. Increased Runoff Prohibited 
Site grading may not increase the volume or velocity of runoff onto downstream prop-

erties unless expressly approved as part of a project’s stormwater management plan. 

5. Landscaping 
All disturbed areas within the development must be restored with vegetation. 

 Sedimentation and Erosion Control 

 No development may be approved that would cause land-disturbing activity requiring prior 

submission of an erosion and sedimentation control plan to the North Carolina Department 

of Environment and Natural Resources (NCDENR) unless NCDENR certifies to the county, 

either that:  

1. An erosion control plan has been submitted to and approved by NCDENR; or that 

2. NCDENR has examined the preliminary plans for the development and it reasonably 

appears that an erosion control plan can be approved upon submission by the devel-

oper of more detailed construction or design drawings. However, in this case, construc-

tion of the development may not begin, no building permits may be issued and final 

plat approval for subdivisions may not be given until NCDENR approves the erosion 

control plan.  

 For purposes of administering and interpreting the sedimentation and erosion control pro-

visions of t this section, "land-disturbing activity" means any use of the land by any person 

in residential, industrial, educational, institutional or commercial development, highway 

and street construction and maintenance that results in a change in the natural cover or to-

pography and that may cause or contribute to sedimentation except activities that are ex-

empt under NCGS 113A-52(6)). Sedimentation occurs whenever solid particulate matter, 

mineral or organic, is transported by water, air, gravity, or ice from the site of its origin. 

 Utilities 

 Utility Ownership and Easement Rights  
When developers install or cause the installation of water, sewer, electrical power, tele-

phone, or cable television facilities that are proposed to be owned, operated or maintained 

by a public utility or any entity other than the developer, the developer must transfer to 

such utility or entity the necessary ownership or easement rights to enable the utility or en-

tity to operate and maintain such facilities.  
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 Connection to Public Water and Public Sewer  

1. Whenever it is legally possible and practicable in terms of topography and service ca-

pacity to connect a lot with a public water or public sewer line by running a connecting 

line not more than the distance set forth in Table 60-1 from the lot to such line, then no 

use requiring water or sanitary sewer service may be made of such lot unless connec-

tion is made to the public water and/or public sewer line.  

2. If the subject tract is proposed to be developed with the number of dwelling units indi-

cated in the left hand column or with a nonresidential use that places a equivalent de-

mand on the water or sewer system, then the distance within which the tract must be 

connected is indicated in the right hand column:  

Table 60-1: Required Connection Distance to Public Water and/or Public Sewer Lines 
Total Dwelling Units  Required to Connect to Public Sewer  Required to Connect to Public Water  

 if Subject Tract Located within (feet) 
0–5  200 200 
6–20  300  300  
21–50  600  600  
51–100  1,000  1,500 

More than 100  1,500  2,500 

3. In determining the number of dwelling units proposed for a tract, the relevant inquiry 

relates to the number proposed for the entire tract rather than a single phase of the 

proposed project.  

4. Connection to a public water or public sewer line is not legally possible if, in order to 

make connection with such line by a connecting line that does not exceed the distance 

set forth in Table 60-1, it is necessary to run the connecting line over property not 

owned by the owner of the property to be served by the connection, and, after diligent 

effort, the easement necessary to run the connecting line cannot reasonably be ob-

tained.  

5. For purposes of this article, a lot is "served" by a public water or public sewer line if con-

nection is required by this section.  

 Sewage Disposal Facilities Required 

1. Every principal use and every lot within a subdivision must be served by a sewage dis-

posal facilities that are adequate to accommodate the reasonable needs of such use or 

subdivision lot and that the facilities comply with all applicable public health regula-

tions.  

2. The governmental agency with jurisdiction over the proposed sewage disposal facilities 

is authorized to determine whether a proposed development will comply with the 

standard of §60.190-C1, and the developer must comply with the detailed standards 

and specifications of that agency. The permit-issuing authority is authorized to rely 

upon a preliminary review by the agency with jurisdiction over the proposed sewage 

disposal facilities to determine compliance with §60.190-C1. However, construction of 

such system may not be commenced until the detailed plans and specifications have 

been reviewed and any appropriate permits issued by the agency with jurisdiction over 

the proposed sewage disposal facilities.  
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 Water Supply System Required 

1. Every principal use and every lot within a subdivision must be served by a water supply 

system that is adequate to accommodate the reasonable needs of such use or subdivi-

sion lot and that the system complies with all applicable health regulations.  

2. The governmental agency with jurisdiction over the proposed water supply system has 

the authority to determine whether a proposed development will comply with the 

standard of §60.190-D1, and the developer must comply with the detailed standards 

and specifications of that agency. The permit-issuing authority is authorized to rely 

upon a preliminary review by the agency with jurisdiction over the proposed water sup-

ply system to determine compliance with §60.190-D1. However, construction of such 

system may not be commenced until the detailed plans and specifications have been 

reviewed and any appropriate permits issued by the agency with jurisdiction over the 

proposed water supply system.   

 Underground Utilities 
 

All electric power not including transformers or enclosures containing electrical equipment 

including, but not limited to, switches, meters or capacitors, which may be pad mounted, 

telephone, gas distribution, and cable television lines installed to serve a development that 

are located on the proposed development site outside of a previously existing public street 

right-of-way must be placed underground in accordance with the specifications and policies 

of the respective utility companies.  

 Utilities to be Consistent with Internal and External Development  

1. Whenever it can reasonably be anticipated that utility facilities constructed in one de-

velopment will be extended to serve other adjacent or nearby developments, such util-

ity facilities (e.g., water or sewer lines) must be located and constructed so that exten-

sions can be made conveniently and without undue burden or expense or unnecessary 

duplication of service.  

2. All utility facilities must be constructed in such a manner as to minimize interference 

with motorized and non-motorized traffic and to facilitate maintenance without undue 

damage to improvements or facilities located within the development.  

 As-Built Drawings Required 
Whenever a developer installs or causes to be installed any utility line in any public right-of-

way, the developer must, as soon as practicable after installation is complete, and before 

acceptance of any water or sewer line, furnish the county with a copy of a drawing that 

shows the exact location of such utility lines. Such drawings must be verified as accurate by 

the utility service provider. Compliance with this requirement is a condition of the contin-

ued validity of the permit authorizing such development.  

 Fire Hydrants 

1. Every development that is served by a public water system must include a system of fire 

hydrants sufficient to provide adequate fire protection for the buildings located or in-

tended to be located within such development.  
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2. The presumption established by this ordinance is that to satisfy the standard set forth 

in §60.190-H1, fire hydrants must be located so that all parts of every building within 

the development may be served by a hydrant by laying not more than 500 feet of hose 

connected to such hydrant. However, the permit-issuing authority may authorize or 

require a deviation from this standard if it is reasonably determined that another ar-

rangement more satisfactorily complies with the standard set forth in §60.190-H1.  
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 General 

 Statutory Authorization 
The Legislature of the State of North Carolina has in Part 6, Article 21 of Chapter 143; Parts 

3 and 4 of Article 18 of Chapter 153A; and Part 121, Article 6 of Chapter 153A of the North 

Carolina General Statutes, delegated to local governments the responsibility to adopt regu-

lations designed to promote the public health, safety, and general welfare. 

 Findings of Fact 

1. The flood prone areas within the jurisdiction of Union County are subject to periodic 

inundation which results in loss of life, property, health and safety hazards, disruption 

of commerce and governmental services, extraordinary public expenditures of flood 

protection and relief, and impairment of the tax base, all of which adversely affect the 

public health, safety, and general welfare. 

2. These flood losses are caused by the cumulative effect of obstructions in floodplains 

causing increases in flood heights and velocities and by the occupancy in flood prone 

areas of uses vulnerable to floods or other hazards. 

 Effective Date 
The flood damage prevention regulations of this article became effective on October 6, 

2008. 

 Purpose 
It is the purpose of this article to promote public health, safety, and general welfare and to 

minimize public and private losses due to flood conditions within flood prone areas by pro-

visions designed to: 

1. Restrict or prohibit uses that are dangerous to health, safety, and property due to water 

or erosion hazards or that result in damaging increases in erosion, flood heights or ve-

locities; 

2. Require that uses vulnerable to floods, including facilities that serve such uses, be pro-

tected against flood damage at the time of initial construction; 

3. Control the alteration of natural floodplains, stream channels, and natural protective 

barriers, which are involved in the accommodation of floodwaters; 

4. Control filling, grading, dredging, and all other development that may increase erosion 

or flood damage; and 
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5. Prevent or regulate the construction of flood barriers that will unnaturally divert flood 

waters or which may increase flood hazards to other lands. 

 Objectives 
The objectives of these regulations are to: 

1. Protect human life, safety, and health; 

2. Minimize expenditure of public money for costly flood control projects; 

3. Minimize the need for rescue and relief efforts associated with flooding and generally 

undertaken at the expense of the general public; 

4. Minimize prolonged business losses and interruptions; 

5. Minimize damage to public facilities and utilities (i.e. water and gas mains, electric, tel-

ephone, cable and sewer lines, streets, and bridges) that are located in flood prone ar-

eas; 

6. Help maintain a stable tax base by providing for the sound use and development of 

flood prone areas; and 

7. Ensure that potential buyers are aware that property is in a special flood hazard area. 

 Definitions 
See Article 105. 

 Applicability 
The regulations of this article apply to all special flood hazard areas within the jurisdiction of 

Union County and within the jurisdiction of any other local government whose governing 

body agrees, by resolution, to such applicability. No structure or land may be located, ex-

tended, converted, altered, or developed in any way without full compliance with the regu-

lations of this article and other applicable regulations. 

 Identification of Special Flood Hazard Areas  

1. Special flood hazard areas are those identified under the Cooperating Technical State 

(CTS) agreement between the State of North Carolina and FEMA in its Flood Insurance 

Study (FIS) and its accompanying Flood Insurance Rate Maps (FIRM), for Union County 

dated February 21, 2014 which are adopted by reference and declared to be a part of 

this ordinance.  

2. The initial Flood Insurance Rate Maps are as follows for the jurisdictional areas at the 

initial date: Union County Unincorporated Area, dated July 18 1983, Town of Fairview, 

dated October 16, 2008, Town of Hemby Bridge, dated October 16, 2008, Town of In-

dian Trail, dated March 21, 1980, Village of Lake Park, dated January 17, 1997, Town of 

Marshville, dated July 5, 1994, Village of Marvin, dated January 17, 1997, Town of Min-

eral Springs, dated July 18, 1983, City of Monroe, dated January 19, 1983, Town of 

Stallings, dated July 5, 1994, Town of Unionville, dated October 16, 2008, Town of Wax-

haw, dated July 5, 1994, Town of Weddington, dated January 17, 1997, Village of Wes-

ley Chapel, dated January 17, 1997, Town of Wingate, dated December 1, 1981. 

 Disclaimer 
The degree of flood protection required by this article is considered reasonable for regula-

tory purposes and is based on scientific and engineering consideration. Larger floods can 
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and will occur. Actual flood heights may be increased by man-made or natural causes. This 

article does not imply that land outside the special flood hazard areas or uses permitted 

within such areas will be free from flooding or flood damages. This article does not create 

liability on the part of Union County or by any officer or employee thereof for any flood 

damages that result from reliance on this article or any administrative decision lawfully 

made hereunder. 

 Flood Hazard Reduction Requirements 

 General Standards 
In all special flood hazard areas the following provisions are required: 

1. All new construction and substantial improvements must be designed (or modified) and 

adequately anchored to prevent flotation, collapse, and lateral movement of the struc-

ture. 

2. All new construction and substantial improvements must be constructed with materials 

and utility equipment resistant to flood damage. 

3. All new construction and substantial improvements must be constructed by methods 

and practices that minimize flood damages. 

4. Electrical, heating, ventilation, plumbing, air conditioning equipment, and other service 

facilities must be designed and/or located so as to prevent water from entering or accu-

mulating within the components during conditions of flooding to the Regulatory flood 

protection elevation. These include, but are not limited to, HVAC equipment, water sof-

tener units, bath/kitchen fixtures, ductwork, electric/gas meter panels/boxes, utility/ca-

ble boxes, hot water heaters, and electric outlets/switches. 

5. All new and replacement water supply systems must be designed to minimize or elimi-

nate infiltration of floodwaters into the system. 

6. New and replacement sanitary sewage systems must be designed to minimize or elimi-

nate infiltration of floodwaters into the systems and discharges from the systems into 

floodwaters. 

7. On-site waste disposal systems must be located and constructed to avoid impairment 

to them or contamination from them during flooding. 

8. Any alteration, repair, reconstruction, or improvements to a structure, which is in com-

pliance with the provisions of this article, must meet the requirements for new con-

struction, as set forth in this article. 

9. The flood damage protection regulations of this article are not intended to prevent the 

repair, reconstruction, or replacement of a building or structure existing on the effec-

tive date specified in §65.010-C and located totally or partially within the floodway, 

non-encroachment area, or stream setback, provided there is no additional encroach-

ment below the regulatory flood protection elevation in the floodway, non-encroach-

ment area, or stream setback, and provided that such repair, reconstruction, or replace-

ment meets all of the other requirements of this article. 

10. New solid waste disposal facilities and sites, hazardous waste management facilities, 

salvage yards, and chemical storage facilities are not permitted, except by variance as 
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specified in §65.060-H6. A structure or tank for chemical or fuel storage incidental to an 

allowed use or to the operation of a water treatment plant or wastewater treatment 

facility may be located in a special flood hazard area only if the structure or tank is ei-

ther elevated or floodproofed to at least the regulatory flood protection elevation and 

certified in accordance with the provisions of §65.070-D. 

11. All subdivision proposals and other development proposals must be consistent with the 

need to minimize flood damage. 

12. All subdivision proposals and other development proposals must have public utilities 

and facilities such as sewer, gas, electrical, and water systems located and constructed 

to minimize flood damage. 

13. All subdivision proposals and other development proposals must have adequate drain-

age provided to reduce exposure to flood hazards. 

14. All subdivision proposals and other development proposals must have received all nec-

essary permits from those governmental agencies for which approval is required by fed-

eral or state law, including Section 404 of the Federal Water Pollution Control Act 

Amendments of 1972, 33 U.S.C. 1334. 

15. When a structure is partially located in a special flood hazard area, the entire structure 

must meet the requirements for new construction and substantial improvements. 

16. When a structure is located in multiple flood hazard zones or in a flood hazard risk zone 

with multiple base flood elevations (BFEs), the provisions for the more restrictive flood 

hazard risk zone and the highest BFE governs. 

 Specific Standards 
The specific standards of this subsection apply, in addition to the provisions of §65.020-A, in 

all special flood hazard areas where base flood elevation (BFE) data have been provided, as 

set forth in 65.010-H or Section 65.030 

1. Residential Construction 
New construction and substantial improvement of any residential structure (including 

manufactured homes) must have the reference level, including basement, elevated no 

lower than the regulatory flood protection elevation. 

2. Nonresidential Construction 
New construction and substantial improvement of any commercial, industrial, or other 

nonresidential structure must have the reference level, including basement, elevated 

no lower than the regulatory flood protection elevation. Structures located in A, AE, 

and A1-30 Zones may be floodproofed to the regulatory flood protection elevation in 

lieu of elevation provided that all areas of the structure, together with attendant utility 

and sanitary facilities, below the regulatory flood protection elevation are watertight 

with walls substantially impermeable to the passage of water, using structural compo-

nents having the capability of resisting hydrostatic and hydrodynamic loads and the 

effect of buoyancy. A registered professional engineer or architect must certify that the 

floodproofing standards of this subsection are satisfied. Such certification must be pro-

vided to the floodplain administrator as set forth in §65.070-D, along with the opera-

tional plan and the inspection and maintenance plan. 
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3. Manufactured Homes 

a. New and replacement manufactured homes must be elevated so that the reference 

level of the manufactured home is no lower than the regulatory flood protection 

elevation. 

b. Manufactured homes must be securely anchored to an adequately anchored foun-

dation to resist flotation, collapse, and lateral movement, either by certified engi-

neered foundation system, or in accordance with the most current edition of the 

State of North Carolina Regulations for Manufactured Homes adopted by the Com-

missioner of Insurance pursuant to NCGS 143-143.15. Additionally, when the eleva-

tion would be met by an elevation of the chassis 36 inches or less above the grade 

at the site, the chassis must be supported by reinforced piers or engineered founda-

tion. When the elevation of the chassis is above 36 inches in height, an engineering 

certification is required. 

c. All enclosures or skirting below the lowest floor must meet the requirements of 

§65.020-B4. 

d. An evacuation plan must be developed for evacuation of all residents of all new, 

substantially improved or substantially damaged manufactured home parks or sub-

divisions located within flood prone areas. This plan must be filed with and ap-

proved by the floodplain administrator and the local Emergency Management Co-

ordinator. 

4. Elevated Buildings 
Fully enclosed area, of new construction and substantially improved structures, which is 

below the lowest floor: 

a. May not be designed or used for human habitation, but may only be used for park-

ing of vehicles, building access, or limited storage of maintenance equipment used 

in connection with the premises. Access to the enclosed area must be the minimum 

necessary to allow for parking of vehicles (garage door) or limited storage of 

maintenance equipment (standard exterior door), or entry to the living area (stair-

way or elevator). The interior portion of such enclosed area may not be finished or 

partitioned into separate rooms, except to enclose storage areas; 

b. Must be constructed entirely of flood resistant materials at least to the regulatory 

flood protection elevation; and 

c. Must include, in Zones A, AE, and A1-30, flood openings to automatically equalize 

hydrostatic flood forces on walls by allowing for the entry and exit of floodwaters. 

To meet this requirement, the openings must either be certified by a registered 

professional engineer or architect or meet or exceed the following minimum design 

criteria: 

(1) A minimum of two flood openings on different sides of each enclosed area sub-

ject to flooding; 

(2) The total net area of all flood openings must be at least one square inch for 

each square foot of enclosed area subject to flooding; 
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(3) If a building has more than one enclosed area, each enclosed area must have 

flood openings to allow floodwaters to automatically enter and exit; 

(4) The bottom of all required flood openings may not be higher than one foot 

above the adjacent grade; 

(5) Flood openings may be equipped with screens, louvers, or other coverings or 

devices, provided they permit the automatic flow of floodwaters in both direc-

tions; and 

(6) Enclosures made of flexible skirting are not considered enclosures for regula-

tory purposes, and, therefore, do not require flood openings. Masonry or wood 

underpinning, regardless of structural status, is considered an enclosure and 

requires flood openings as outlined above. 

5. Additions/Improvements 

a. Additions and/or improvements to pre-FIRM structures when the addition and/or 

improvements in combination with any interior modifications to the existing struc-

ture are: 

(1) Not a substantial improvement, the addition and/or improvements must be 

designed to minimize flood damages and must not be any more non-conform-

ing than the existing structure. 

(2) A substantial improvement, both the existing structure and the addition and/or 

improvements must comply with the standards for new construction. 

b. Additions to post-FIRM structures with no modifications to the existing structure 

other than a standard door in the common wall require only the addition comply 

with the standards for new construction. 

c. Additions and/or improvements to post-FIRM structures when the addition and/or 

improvements in combination with any interior modifications to the existing struc-

ture are: 

(1) Not a substantial improvement, the addition and/or improvements only must 

comply with the standards for new construction. 

(2) A substantial improvement, both the existing structure and the addition and/or 

improvements must comply with the standards for new construction. 

d. Any combination of repair, reconstruction, rehabilitation, addition or improvement 

of a building or structure taking place during a 5-year period, the cumulative cost of 

which equals or exceeds 50% of the market value of the structure before the im-

provement or repair is started must comply with the standards for new construc-

tion. For each building or structure, the 5-year period begins on the date of the first 

improvement or repair of that building or structure after the effective date speci-

fied in Section 1.030. If the structure has sustained substantial damage, any repairs 

are considered substantial improvement regardless of the actual repair work per-

formed. The requirement does not, however, include either: 
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(1) Any project for improvement of a building required to correct existing health, 

sanitary or safety code violations identified by the building official and that are 

the minimum necessary to assume safe living conditions; or 

(2) Any alteration of a historic structure provided that the alteration will not pre-

clude the structure’s continued designation as a historic structure.  

6. Recreational Vehicles 
Recreational vehicles must either: 

a. Be on site for fewer than 180 consecutive days and be fully licensed and ready for 

highway use (a recreational vehicle is ready for highway use if it is on its wheels or 

jacking system, is attached to the site only by quick disconnect type utilities, and 

has no permanently attached additions); or 

b. Meet all the requirements for new construction. 

7. Temporary Nonresidential Structures 
Prior to the issuance of a floodplain development permit for a temporary structure, the 

applicant must submit to the floodplain administrator a plan for the removal of such 

structures in the event of a hurricane, flash flood or other type of flood warning notifi-

cation. The following information must be submitted in writing to the floodplain ad-

ministrator for review and written approval: 

a. A specified time period for which the temporary use will be permitted. Time speci-

fied may not exceed 3 months, renewable up to one year; 

b. The name, address, and phone number of the individual responsible for the re-

moval of the temporary structure; 

c. The time frame prior to the event at which a structure will be removed (i.e., mini-

mum of 72 hours before landfall of a hurricane or immediately upon flood warning 

notification); 

d. A copy of the contract or other suitable instrument with the entity responsible for 

physical removal of the structure; and 

e. Designation, accompanied by documentation, of a location outside the special 

flood hazard area, to which the temporary structure will be moved. 

8. Accessory Structures 
When accessory structures (sheds, detached garages, etc.) are to be placed within a 

special flood hazard area, the following criteria must be met: 

a. Accessory structures may not be used for human habitation (including working, 

sleeping, living, cooking or restroom areas); 

b. Accessory structures may not be temperature-controlled; 

c. Accessory structures must be designed to have low flood damage potential; 

d. Accessory structures must be constructed and placed on the building site so as to 

offer the minimum resistance to the flow of floodwaters; 

e. Accessory structures must be firmly anchored in accordance with the provisions of 

§65.020-A1; 
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f. All service facilities such as electrical must be installed in accordance with the provi-

sions of §65.020-A4; and 

g. Flood openings to facilitate automatic equalization of hydrostatic flood forces must 

be provided below regulatory flood protection elevation in conformance with the 

provisions of §65.020-B4.c. 

h. An accessory structure with a footprint less than 150 square feet that satisfies the 

criteria outlined above does not require an elevation or floodproofing certificate. 

Elevation or floodproofing certifications are required for all other accessory struc-

tures in accordance with §65.070-D. 

9. Gas and Liquid Storage Tanks 
When gas and liquid storage tanks are to be placed within a Special Flood Hazard Area, 

the following criteria must be met: 

a. Underground tanks in flood hazard areas must be anchored to prevent flotation, 

collapse or lateral movement resulting from hydrodynamic and hydrostatic loads 

during conditions of the design flood, including the effects of buoyancy assuming 

the tank is empty; 

b. Above-ground tanks in flood hazard areas must be attached to and elevated to a 

level at or above the design flood elevation on a supporting structure that is de-

signed to prevent flotation, collapse or lateral movement during conditions of the 

design flood. Tank-supporting structures must meet the foundation requirements 

of the applicable flood hazard area; 

c. Above-ground tanks that do not meet the elevation requirements of §65.020-B9.b 

are permitted in flood hazard areas provided the tanks are anchored or otherwise 

designed and constructed to prevent flotation, collapse or lateral movement result-

ing from hydrodynamic and hydrostatic loads during conditions of the design flood, 

including the effects of buoyancy assuming the tank is empty and the effects of 

flood-borne debris. 

d. Tank inlets, fill openings, outlets and vents must be elevated to a level at or above 

the design flood elevation or fitted with covers designed to prevent the inflow of 

floodwater or outflow of the contents of the tanks during conditions of the design 

flood and anchored to prevent lateral movement resulting from hydrodynamic and 

hydrostatic loads, including the effects of buoyancy, during conditions of the de-

sign flood. 

10. Other Development 
Before the issuance of a floodplain development permit for a temporary structure, the 

applicant must submit to the floodplain administrator a plan for the removal of such 

structures in the event of a hurricane, flash flood or other type of flood warning notifi-

cation. The following information must be submitted in writing to the floodplain admin-

istrator for review and written approval: 

a. Fences in regulated floodways and non-encroachment areas that have the poten-

tial to block the passage of floodwaters, such as stockade fences and wire mesh 

fences, must comply with §65.040-B. 



Article 65 | Flood Damage Prevention 
Section 65.030 | Floodplains without Established Base Flood Elevations 

Effective October 6, 2014 page 65-9 Amendments through 11.03.2014 

b. Retaining walls, sidewalks and driveways in regulated floodways and non-en-

croachment areas that involve the placement of fill must comply with §65.040-B.  

c. Roads and watercourse crossings in regulated floodways and non-encroachment 

areas, including roads, bridges, culverts, low-water crossings and similar means for 

vehicles or pedestrians to travel from one side of a watercourse to the other side, 

that encroach into regulated floodways must comply with §65.040-B.  

 Floodplains without Established Base Flood Elevations 
Within the special flood hazard areas designated as Approximate Zone A and established in §65.010-H, where 

no base flood elevation (BFE) data have been provided by FEMA, the following provisions, in addition to the 

provisions of §65.020-A apply: 

 No encroachments, including fill, new construction, substantial improvements and  other 

developments are permitted unless:  

1. With respect to development used for farm purposes within a bona fide farm, it is 

demonstrated that the proposed encroachment would not result in any increase in the 

flood levels during the occurrence of the base flood, based on hydrologic and hydraulic 

analyses performed in accordance with standard engineering practice and presented to 

the floodplain administrator prior to issuance of a floodplain development permit; or 

2. With respect to development other than that described in §65.030-A1 or §65.030-A3, 

the development is one of the following uses: agricultural activities, lawns, gardens, 

parks, trails, golf courses or open space and the development does not require fill or 

construction of new buildings; and provided further that any development activity asso-

ciated with the above uses shall be minimal and shall be preceded by a certification that 

demonstrates that the proposed development will not result in any increase in the flood 

levels during the occurrence of the base flood, based on hydrologic and hydraulic anal-

yses performed in accordance with standard engineering practice and presented to the 

floodplain administrator prior to issuance of a floodplain development permit; or 

3. For essential services, a Conditional Letter of Map Revision (CLOMR) has been ap-

proved by FEMA. A Letter of Map Revision (LOMR) must also be obtained upon com-

pletion of the proposed encroachment. Development in floodplains, with or without 

adopted regulatory floodways, shall be held to 44 CFR 65.12, including but not limited 

to an application to FEMA for conditional approval, individual legal notice, concurrence 

of any other communities impacted by the proposed actions, and certification of struc-

tures. [§65.030-A amended 11.03.2014] 

 If §65.030-A is satisfied, all development must comply with all applicable flood hazard re-

duction provisions of this article. 

 The BFE used in determining the regulatory flood protection elevation must be determined 

based on the following criteria: 

1. When base flood elevation (BFE) data are available from other sources, all new con-

struction and substantial improvements within such areas must also comply with all ap-

plicable provisions of this article and must be elevated or floodproofed in accordance 

with the general and specific flood hazard reduction requirements of §65.020-A and 

§65.020-B. 
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2. When floodway or non-encroachment data are available from a federal, state, or other 

source, all new construction and substantial improvements within floodway and non-

encroachment areas must also comply with the requirements of §65.020-B and 65.040-

B. 

3. All subdivision, manufactured home park and other development proposals must pro-

vide base flood elevation (BFE) data if the development is greater than 5 acres or has 

more than 50 lots/manufactured home sites. Such BFE data must be adopted by refer-

ence in accordance with the provisions of and utilized in implementing the flood protec-

tion regulations of this article. 

4. When base flood elevation (BFE) data are not available from a federal, state, or other 

source as outlined above, the reference level must be elevated or floodproofed (nonres-

idential) to or above the regulatory flood protection elevation. All other applicable pro-

visions of §65.020-B also apply. 

 Riverine Floodplains with Base Flood Elevations 

 Floodplains without Established Floodways or Non-Encroachment Areas 
Along rivers and streams where base flood elevation (BFE) data is provided by FEMA or is 

available from another source but neither floodway nor non-encroachment areas are identi-

fied for a special flood hazard area on the FIRM or in the FIS report, the following require-

ments apply to all development within such areas: 

1. The general and specific flood hazard reduction requirements of §65.020-A and 

§65.020-B; and 

2. No encroachments, including fill, new construction, substantial improvements and 

other developments are permitted unless: 

a. With respect to development used for farm purposes within a bona fide farm, it is 

demonstrated that the proposed encroachment would not result in any increase in 

the flood levels during the occurrence of the base flood, based on hydrologic and 

hydraulic analyses performed in accordance with standard engineering practice 

and presented to the floodplain administrator prior to issuance of a floodplain de-

velopment permit; or 

b. With respect to development other than that described in §65.040-A2.a or §65.040-

A2.c, the development is one of the following uses: agricultural activities, lawns, 

gardens, parks, trails, golf courses or open space and the development does not 

require fill or construction of new buildings; and provided further that any develop-

ment activity associated with the above uses shall be minimal and shall be pre-

ceded by a certification that demonstrates that the proposed development will not 

result in any increase in the flood levels during the occurrence of the base flood, 

based on hydrologic and hydraulic analyses performed in accordance with standard 

engineering practice and presented to the floodplain administrator prior to issu-

ance of a floodplain development permit; or 

c. For essential services, a Conditional Letter of Map Revision (CLOMR) has been ap-

proved by FEMA. A Letter of Map Revision (LOMR) must also be obtained upon 

completion of the proposed encroachment. Development in floodplains, with or 
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without adopted regulatory floodways, shall be held to 44 CFR 65.12 including but 

not limited to an application to FEMA for conditional approval, individual legal no-

tice, concurrence of any other communities impacted by the proposed actions, and 

certification of structures. [§65.040-A2 amended 11.03.2014] 

3. If §65.040-A2 is satisfied, all development must comply with all applicable flood hazard 

reduction provisions of this article. [§65.040-A3 amended 11.03.2014] 

 Floodplains with Floodways or Non-Encroachment Areas 
Areas designated as floodways or non-encroachment areas are located within the special 

flood hazard areas established in §65.010-H. The floodways and non-encroachment areas 

are extremely hazardous areas due to the velocity of floodwaters that have erosion poten-

tial and carry debris and potential projectiles. The following provisions, in addition to the 

general and specific flood hazard reduction requirements of §65.020-A and §65.020-B, ap-

ply to all development within such areas: 

1. No encroachments, including fill, new construction, substantial improvements and 

other developments are permitted unless: 

a. With respect to development used for farm purposes within a bona fide farm, it is 

demonstrated that the proposed encroachment would not result in any increase in 

the flood levels during the occurrence of the base flood, based on hydrologic and 

hydraulic analyses performed in accordance with standard engineering practice 

and presented to the floodplain administrator prior to issuance of a floodplain de-

velopment permit; or 

b. With respect to development other than that described in §65.040-B1.a or §65.040-

B1.c, the development is one of the following uses:  agricultural activities, lawns, 

gardens, parks, trails, golf courses or open space and the development does not 

require fill or construction of new buildings; and provided further that any develop-

ment activity associated with the above uses shall be minimal and shall be pre-

ceded by a certification that demonstrates that the proposed development will not 

result in any increase in the flood levels during the occurrence of the base flood, 

based on hydrologic and hydraulic analyses performed in accordance with standard 

engineering practice and presented to the floodplain administrator prior to issu-

ance of a floodplain development permit, or. 

c. For essential services a Conditional Letter of Map Revision (CLOMR) has been ap-

proved by FEMA. A Letter of Map Revision (LOMR) must also be obtained upon 

completion of the proposed encroachment. Development in floodplains, with or 

without adopted regulatory floodways, shall be held to 44 CFR 65.12 including but 

not limited to an application to FEMA for conditional approval, individual legal no-

tice, concurrence of any other communities impacted by the proposed actions, and 

certification of structures. [§65.040-B1 amended 11.03.2014] 

2. If §65.040-B1 is satisfied, all development must comply with all applicable flood hazard 

reduction provisions of this article. 

3. No manufactured homes are permitted, except replacement manufactured homes in 

an existing manufactured home park or subdivision, provided the following provisions 

are met: 
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a. The anchoring and the elevation standards of §65.020-B3; and 

b. The no-encroachment standard of 65.040-B1. 

 Administration and Enforcement 

 Floodplain Administrator 

1. Appointment 
The administrator is appointed as the “floodplain administrator” to administer and im-

plement the provisions of this article. 

2. Duties and Responsibilities 
The floodplain administrator is responsible for administering and enforcing the regula-

tions of this article, including the following specific duties: 

a. Review all floodplain development applications and issue permits for all proposed 

development within special flood hazard areas to assure that the flood damage 

prevention regulations of this ordinance have been satisfied. 

b. Review all proposed development within special flood hazard areas to assure that 

all necessary local, state and federal permits have been received. 

c. Notify adjacent communities and the North Carolina Department of Crime Control 

and Public Safety, Division of Emergency Management, State Coordinator for the 

National Flood Insurance Program prior to any alteration or relocation of a water-

course, and submit evidence of such notification to the Federal Emergency Man-

agement Agency (FEMA). 

d. Assure that maintenance is provided within the altered or relocated portion of said 

watercourse so that the flood-carrying capacity is maintained. 

e. Prevent encroachments into floodways and non-encroachment areas unless the 

certification and flood hazard reduction provisions of are met. 

f. Obtain actual elevation (in relation to mean sea level) of the reference level (includ-

ing basement) and all attendant utilities of all new and substantially improved 

structures, in accordance with the provisions of §65.070-D. 

g. Obtain actual elevation (in relation to mean sea level) to which all new and substan-

tially improved structures and utilities have been floodproofed, in accordance with 

the provisions of §65.070-D. 

h. Obtain actual elevation (in relation to mean sea level) of all public utilities in accord-

ance with the provisions of §65.070-D. 

i. When floodproofing is utilized for a particular structure, obtain certifications from a 

registered professional engineer or architect in accordance with the provisions of 

§65.070-D and §65.020-B2. 

j. Where interpretation is needed as to the exact location of boundaries of the special 

flood hazard areas, floodways, or non-encroachment areas (for example, where 

there appears to be a conflict between a mapped boundary and actual field condi-

tions), make the necessary interpretation. The person contesting the location of 

the boundary must be given a reasonable opportunity to appeal the interpretation. 
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k. When base flood elevation (BFE) data have not been provided in accordance with 

the provisions of 65.010-H, obtain, review, and reasonably utilize any BFE data, 

along with floodway data or non-encroachment area data available from a federal, 

state, or other source, including data developed pursuant to Section 65.030, in or-

der to administer the provisions of this ordinance. 

l. When base flood elevation (BFE) data are provided but no floodway or non-en-

croachment area data have been provided in accordance with the provisions of 

65.010-H, obtain, review, and reasonably utilize any floodway data or non-en-

croachment area data available from a federal, state, or other source in order to 

administer the provisions of this ordinance. 

m. When the lowest floor and the lowest adjacent grade of a structure or the lowest 

ground elevation of a lot in a special flood hazard area are above the base flood ele-

vation (BFE), advise the property owner of the option to apply for a Letter of Map 

Amendment (LOMA) from FEMA. Maintain a copy of the LOMA issued by FEMA in 

the floodplain development permit file.  

n. Permanently maintain all records that pertain to the administration of the flood 

damage prevention regulations of this ordinance and make these records available 

for public inspection, recognizing that such information may be subject to the Pri-

vacy Act of 1974, as amended. 

o. Make on-site inspections of work in progress. As the work pursuant to a floodplain 

development permit progresses, the floodplain administrator must make as many 

inspections of the work as may be necessary to ensure that the work is being done 

according to the provisions of the local ordinance and the terms of the permit. In 

exercising this power, the floodplain administrator has a right, upon presentation 

of proper credentials, to enter on any premises within the jurisdiction of the com-

munity at any reasonable hour for the purposes of inspection or other enforcement 

action. 

p. Issue stop-work orders as required. Whenever a building or part thereof is being 

constructed, reconstructed, altered, or repaired in violation of this article, the 

floodplain administrator may order the work to be immediately stopped. The stop-

work order must be in writing and directed to the person doing or in charge of the 

work. The stop-work order must state the specific work to be stopped, the specific 

reasons for the stoppage, and the conditions under which the work may be re-

sumed. Violation of a stop-work order constitutes a misdemeanor. 

q. Revoke floodplain development permits as required. The floodplain administrator 

may revoke and require the return of the floodplain development permit by notify-

ing the permit holder in writing stating the reasons for the revocation. Permits may 

be revoked for any substantial departure from the approved application, plans, and 

specifications; for refusal or failure to comply with the requirements of state or lo-

cal laws; or for false statements or misrepresentations made in securing the permit. 

Any floodplain development permit mistakenly issued in violation of an applicable 

state or local law may also be revoked. 
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r. Make periodic inspections throughout the special flood hazard areas within the ju-

risdiction of the community. The floodplain administrator and other assigned staff 

have the right, upon presentation of proper credentials, to enter on any premises 

within the territorial jurisdiction of the department at any reasonable hour for the 

purposes of inspection or other enforcement action. 

s. Follow through with corrective procedures of 65.050-B. 

t. Review, provide input, and make recommendations for variance requests. 

u. Maintain a current map repository to include, but not limited to, the FIS Report, 

FIRM and other official flood maps and studies adopted in accordance with the pro-

visions of this ordinance, including any revisions thereto including Letters of Map 

Change, issued by FEMA.  

v. Notify the state and FEMA of mapping needs. 

w. Coordinate revisions to FIS reports and FIRMs, including Letters of Map Revision 

Based on Fill (LOMR-Fs) and Letters of Map Revision (LOMRs). 

 Corrective Procedures 

1. Violations to be Corrected 
When the floodplain administrator finds violations of applicable state and local laws, 

their duty to notify the owner or occupant of the building of the violation. The owner or 

occupant must immediately remedy each of the violations of law cited in such notifica-

tion. 

2. Actions in Event of Failure to Take Corrective Action 
If the owner of a building or property fails to take prompt corrective action, the flood-

plain administrator must give the owner written notice, by certified or registered mail 

to the owner’s last known address or by personal service, stating: 

a. That the building or property is in violation of the floodplain management regula-

tions; 

b. That a hearing will be held before the floodplain administrator at a designated 

place and time, not later than 10 days after the date of the notice, at which time the 

owner is entitled to be heard in person or by counsel and to present arguments and 

evidence pertaining to the matter; and 

c. That following the hearing, the floodplain administrator may issue an order to al-

ter, vacate, or demolish the building; or to remove fill as applicable. 

3. Order to Take Corrective Action 
If, upon a hearing held pursuant to the notice prescribed above, the floodplain adminis-

trator finds that the building or development is in violation of the these flood damage 

prevention regulations, the floodplain administrator must issue an order in writing to 

the owner, requiring the owner to remedy the violation within a specified time period, 

not less than 60 calendar days, nor more than 180 calendar days. Where the floodplain 

administrator finds that there is imminent danger to life or other property, they may 

order that corrective action be taken in such lesser period as may be feasible. 
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4. Appeal 
Any owner who has received an order to take corrective action may appeal the order to 

the Board of Commissioners by giving notice of appeal in writing to the floodplain ad-

ministrator and the clerk within 10 days following issuance of the final order. In the ab-

sence of an appeal, the order of the floodplain administrator is final. The Board of Com-

missioners must hear the appeal within a reasonable time and may affirm, modify and 

affirm, or revoke the order. 

5. Failure to Comply with Order 
If the owner of a building or property fails to comply with an order to take corrective 

action for which no appeal has been made or fails to comply with an order of the gov-

erning body following an appeal, the owner is guilty of a misdemeanor and may be pun-

ished at the discretion of the court. 

 Penalties for Violation 
Violation of the provisions of this article or failure to comply with any of its requirements, 

including violation of conditions and safeguards established in connection with grants of a 

variance or special use approval constitutes a misdemeanor. Any person who violates this 

article or fails to comply with any of its requirements may, upon conviction thereof, be fined 

not more than $50.00 or imprisoned for not more than 30 days, or both. Each day such vio-

lation continues constitutes a separate offense. Nothing prevents the county from taking 

other lawful actions necessary to prevent or remedy any violation. 

 Variances 

 The board of adjustment is authorized to hear and decide requests for variances from the 

requirements of this article. 

 Variances may be issued for: 

1. The repair or rehabilitation of historic structures upon the determination that the pro-

posed repair or rehabilitation will not preclude the structure's continued designation as 

a historic structure and that the variance is the minimum necessary to preserve the his-

toric character and design of the structure; 

2. Functionally dependent facilities, provided provisions of §65.060-H2, §65.060-H3 and 

§65.060-H5 have been satisfied, and such facilities are protected by methods that mini-

mize flood damages during the base flood and create no additional threats to public 

safety; or 

3. Any other type of development, provided it meets the requirements of this Section. 

 In passing upon variances, the board of adjustment must consider all technical evaluations, 

all relevant factors, all standards specified in other sections of this ordinance, and: 

1. The danger that materials may be swept onto other lands to the injury of others; 

2. The danger to life and property due to flooding or erosion damage; 

3. The susceptibility of the proposed facility and its contents to flood damage and the ef-

fect of such damage on the individual owner; 

4. The importance of the services provided by the proposed facility to the community; 
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5. The necessity to the facility of a waterfront location as a functionally dependent facility, 

where applicable; 

6. The availability of alternative locations, not subject to flooding or erosion damage, for 

the proposed use; 

7. The compatibility of the proposed use with existing and anticipated development; 

8. The relationship of the proposed use to the comprehensive plan and floodplain man-

agement program for that area; 

9. The safety of access to the property in times of flood for ordinary and emergency vehi-

cles; 

10. The expected heights, velocity, duration, rate of rise, and sediment transport of the 

floodwaters and the effects of wave action, if applicable, expected at the site; and 

11. The costs of providing governmental services during and after flood conditions includ-

ing maintenance and repair of public utilities and facilities such as sewer, gas, electrical 

and water systems, and streets and bridges. 

 A written report addressing each of the above factors must be submitted with the applica-

tion for a variance. 

 Upon consideration of the factors listed above and the purposes of this article, the board of 

adjustment may attach such conditions to the granting of variances as it deems necessary 

to further the purposes and objectives of these flood damage prevention regulations. 

 Any applicant to whom a variance is granted must be given written notice specifying the 

difference between the base flood elevation (BFE) and the elevation to which the structure 

is to be built and that such construction below the BFE increases risks to life and property, 

and that the issuance of a variance to construct a structure below the BFE will result in in-

creased premium rates for flood insurance up to $25 per $100 of insurance coverage. Such 

notification must be maintained with a record of all variance actions, including justification 

for their issuance. 

 The floodplain administrator must maintain the records of all appeal actions and report any 

variances to the Federal Emergency Management Agency and the State of North Carolina 

upon request. 

 Conditions for Variances: 

1. Variances may not be issued when the variance will make the structure in violation of 

other federal, state, or local laws, regulations, or ordinances. 

2. Variances may not be issued within any designated floodway or non-encroachment 

area if the variance would result in any increase in flood levels during the base flood dis-

charge. 

3. Variances may only be issued upon a determination that the variance is the minimum 

necessary, considering the flood hazard, to afford relief. 

4. Variances may only be issued prior to development permit approval. 

5. Variances may only be issued upon: 
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a. A showing of good and sufficient cause; 

b. A determination that failure to grant the variance would result in exceptional hard-

ship; and 

c. A determination that the granting of a variance will not result in increased flood 

heights, additional threats to public safety, or extraordinary public expense, create 

nuisance, cause fraud on or victimization of the public, or conflict with existing local 

laws or ordinances. 

6. A variance may be issued for solid waste disposal facilities or sites, hazardous waste 

management facilities, salvage yards, and chemical storage facilities that are located in 

special flood hazard areas provided that all of the following conditions are met. 

a. The use serves a critical need in the community. 

b. No feasible location exists for the use outside the special flood hazard area. 

c. The reference level of any structure is elevated or floodproofed to at least the regu-

latory flood protection elevation. 

d. The use complies with all other applicable federal, state and local laws. 

e. Union County has notified the Secretary of the North Carolina Department of 

Crime Control and Public Safety of its intention to grant a variance at least 30 cal-

endar days prior to granting the variance. 

 Any person aggrieved by the decision of the board of adjustment may appeal such decision 

to the court, as provided in NCGS Chapter 7A. 

 Floodplain Development Application, Permit and Certification Requirements 

 Establishment of Floodplain Development Permit 
A floodplain development permit is required before the commencement of any develop-

ment activities within special flood hazard areas. 

 Application Requirements 
Application for a floodplain development permit must be made to the floodplain adminis-

trator prior to any development activities located within special flood hazard areas. The fol-

lowing items must be presented to the floodplain administrator to apply for a floodplain 

development permit: 

1. A plot plan drawn to scale which must include at least the following specific details of 

the proposed floodplain development: 

a. The nature, location, dimensions, and elevations of the area of development/dis-

turbance; existing and proposed structures, utility systems, grading/pavement ar-

eas, fill materials, storage areas, drainage facilities, and other development; 

b. The boundary of the special flood hazard area as delineated on the FIRM or other 

flood map as determined in 65.010-H, or a statement that the entire lot is within 

the special flood hazard area; 

c. Flood zone designation of the proposed development area as determined on the 

FIRM or other flood map as determined in 65.010-H; 
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d. The boundary of the floodway or non-encroachment area, as determined in 65.010-

H; 

e. The base flood elevation (BFE) where provided as set forth in 65.010-H; §65.050-

A2; or Section 65.030; 

f. The old and new location of any watercourse that will be altered or relocated as a 

result of proposed development; and 

g. The certification of the plot plan by a NC registered land surveyor or registered pro-

fessional engineer.  

2. Proposed elevation, and method thereof, of all development within a special flood haz-

ard area including but not limited to: 

a. Elevation in relation to mean sea level of the proposed reference level (including 

basement) of all structures; 

b. Elevation in relation to mean sea level to which any nonresidential structure in 

Zone AE or A will be floodproofed; and 

c. Elevation in relation to mean sea level to which any proposed utility systems will be 

elevated or floodproofed. 

3. If floodproofing, a Floodproofing Certificate (FEMA Form 81-65) with supporting data, 

an operational plan, and an inspection and maintenance plan that include, but are not 

limited to, installation, exercise, and maintenance of floodproofing measures. 

4. A Foundation Plan, drawn to scale, which must include details of the proposed founda-

tion system to ensure all provisions of this article are met. These details include but are 

not limited to: 

a. The proposed method of elevation, if applicable (i.e., fill, solid foundation perime-

ter wall, solid backfilled foundation, open foundation on col-

umns/posts/piers/piles/shear walls); and 

b. Openings to facilitate automatic equalization of hydrostatic flood forces on walls in 

accordance with §65.020-B4.c when solid foundation perimeter walls are used in 

Zones A, AE, and A1-30. 

5. Usage details of any enclosed areas below the lowest floor. 

6. Plans and/or details for the protection of public utilities and facilities such as sewer, gas, 

electrical, and water systems to be located and constructed to minimize flood damage. 

7. Certification that all other local, state and federal permits required prior to floodplain 

development permit issuance have been received. 

8. Documentation for placement of Recreational Vehicles and/or Temporary Structures, 

when applicable, to ensure that the provisions of §65.020-B6 and §65.020-B7 are met. 

9. A description of proposed watercourse alteration or relocation, when applicable, includ-

ing an engineering report on the effects of the proposed project on the flood-carrying 

capacity of the watercourse and the effects to properties located both upstream and 
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downstream; and a map (if not shown on plot plan) showing the location of the pro-

posed watercourse alteration or relocation. 

 Permit Requirements 

1. The Floodplain Development Permit must include at least: 

a. A description of the development to be permitted under the floodplain develop-

ment permit. 

b. The special flood hazard area determination for the proposed development in ac-

cordance with available data specified in §65.010-H. 

c. The regulatory flood protection elevation required for the reference level and all 

attendant utilities. 

d. The regulatory flood protection elevation required for the protection of all public 

utilities. 

e. All certification submittal requirements with timelines. 

f. A statement that no fill material or other development is allowed to encroach into 

the floodway or non-encroachment area of any watercourse, as applicable. 

g. The flood openings requirements, if in Zone A, AE or A1-30. 

 Certification Requirements 

1. Elevation Certificates 

a. An Elevation Certificate (FEMA Form 81-31) is required prior to the actual start of 

any new construction. It is the duty of the permit holder to submit to the floodplain 

administrator a certification of the elevation of the reference level, in relation to 

mean sea level. The floodplain administrator must review the certificate data sub-

mitted. Deficiencies detected by such review must be corrected by the permit 

holder prior to the beginning of construction. Failure to submit the certification or 

failure to make required corrections is cause to deny a floodplain development per-

mit.  

b. An Elevation Certificate (FEMA Form 81-31) is required after the reference level is 

established. Within 7 calendar days of establishment of the reference level eleva-

tion, it is the duty of the permit holder to submit to the floodplain administrator a 

certification of the elevation of the reference level, in relation to mean sea level. 

Any work done within the 7 day calendar period and prior to submission of the cer-

tification is at the permit holder’s risk. The floodplain administrator must review 

the certificate data submitted. Deficiencies detected by such review must be cor-

rected by the permit holder immediately and prior to further work being permitted 

to proceed. Failure to submit the certification or failure to make required correc-

tions is cause to issue a stop-work order for the project.  

c. A final as-built Elevation Certificate (FEMA Form 81-31) is required after construc-

tion is completed and prior to Certificate of Compliance/Occupancy issuance. It is 

the duty of the permit holder to submit to the floodplain administrator a certifica-

tion of final as-built construction of the elevation of the reference level and all at-
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tendant utilities. The floodplain administrator must review the certificate data sub-

mitted. Deficiencies detected by such review must be corrected by the permit 

holder immediately and prior to Certificate of Compliance/Occupancy issuance. In 

some instances, another certification may be required to certify corrected as-built 

construction. Failure to submit the certification or failure to make required correc-

tions is cause to withhold the issuance of a Certificate of Compliance/Occupancy. 

2. Floodproofing Certificate 
If nonresidential floodproofing is used to meet the regulatory flood protection elevation 

requirements, a Floodproofing Certificate (FEMA Form 81-65), with supporting data, an 

operational plan, and an inspection and maintenance plan are required prior to the ac-

tual start of any new construction. It is the duty of the permit holder to submit to the 

floodplain administrator a certification of the floodproofed design elevation of the ref-

erence level and all attendant utilities, in relation to mean sea level. Floodproofing cer-

tification must be prepared by or under the direct supervision of a registered profes-

sional engineer or architect and certified by same. The floodplain administrator must 

review the certificate data, the operational plan, and the inspection and maintenance 

plan. Deficiencies detected by such review must be corrected by the applicant prior to 

permit approval. Failure to submit the certification or failure to make required correc-

tions is cause to deny a floodplain development permit. Failure to construct in accord-

ance with the certified design is cause to withhold the issuance of a Certificate of Com-

pliance/Occupancy. 

3. If a manufactured home is placed within Zone A, AE, or A1-30 and the elevation of the 

chassis is more than 36 inches in height above grade, an engineered foundation certifi-

cation is required in accordance with the provisions of §65.020-B3.b. 

4. If a watercourse is to be altered or relocated, a description of the extent of watercourse 

alteration or relocation; a registered professional engineer’s certified report on the ef-

fects of the proposed project on the flood-carrying capacity of the watercourse and the 

effects to properties located both upstream and downstream; and a map showing the 

location of the proposed watercourse alteration or relocation must all be submitted by 

the permit applicant prior to issuance of a floodplain development permit. 

5. The following structures, if located within Zone A, AE or A1-30, are exempt from the 

elevation/floodproofing certification requirements specified §65.070-D1 and §65.070-

D2: 

a. Recreational Vehicles meeting requirements of §65.020-B6.a; 

b. Temporary Structures meeting requirements of §65.020-B7; and 

c. Accessory Structures less than 150 square feet meeting requirements of §65.020-

B8. 
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 Purpose 
Stream systems are comprised of the stream and their adjacent riparian corridor. Stream systems have 

the primary natural functions of conveying stormwater and ground water, storing floodwater and sup-

porting aquatic and other life. Vegetated lands adjacent to the streams serve as a riparian buffer that 

ensures the stream system’s fulfills its natural functions. Primary natural functions of the riparian buffer 

include:  

 Protect water quality by filtering pollutants;  

 Provide storage for floodwaters;  

 Allow channels to meander naturally; and  

 Provide suitable habitats for wildlife. 

 Applicability 
All properties within the Twelve Mile Creek Wastewater Treatment Plant Service Area are subject to 

the riparian buffer requirements of this article, except for the following:  

 Stormwater improvement projects that have a positive water quality benefit; 

 Bona fide farms that qualify for the bona fide farm zoning exemption of Section 1.050; 

 Redevelopment activities that do not increase the subject site’s impervious area or reduce 

the subject site’s stormwater controls ;  

 Buildings and developments that were issued a certificate of building code compliance on 

or before the effective date specified in Section 1.030; 

 Structures for which a building permit was issued on or before the effective date specified in 

Section 1.030, provided that if the building permit lapses or otherwise becomes invalid, the 

exemption lapses and any future construction is subject to riparian buffer requirements; 

 Lots included on a final subdivision plat that was approved on or before the effective date 

specified in Section 1.030; 

 Lots included on a preliminary subdivision plan approved on or before the effective date 

specified in Section 1.030, provided that if the preliminary subdivision plan lapses or other-

wise becomes invalid, the exemption lapses and future subdivision approvals are subject to 

riparian buffer requirements; and  

 Properties that have secured a vested property right under North Carolina law on or before 

the effective date specified in Section 1.030.  
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 Buffer Standards 

 Buffer Widths  

1. Required riparian buffer widths vary based on the type of stream, primary (perennial) or 

secondary (intermittent). In general, primary streams are those defined as solid blue 

lines on the USGS topographic quadrangle map. Secondary streams are those stream 

segments shown on the NRCS Soil Survey maps. A map illustrating primary and sec-

ondary streams is available for public review in the office of the administrator.  

2. The minimum buffer widths required by this article are as follows: 

a. Primary (perennial) stream buffer width – 100 feet on each side of the stream. 

b. Secondary (intermittent) stream buffer width – 50 feet on each side of the stream. 

3. Required buffer width is measured horizontally on a line perpendicular to the stream, 

landward from the top of the bank on each side of the stream. Buffer widths include 

only area that flows directly to the stream and surface water feature and do not include 

area that flows away from the stream and surface water feature. 

4.  A site-specific stream jurisdictional determination may be performed that meets the 

standards (jurisdictional determination and professional training and certification re-

quirements) of the United States Army Corp of Engineers and the North Carolina De-

partment of Environmental and Natural Resources to verify the stream data provided 

by Union County. Primary streams are equivalent to perennial streams as defined by 

the site-specific jurisdictional determinations. Secondary streams are equivalent to in-

termittent streams as defined by the jurisdictional determinations.  

5. Stream locations (and associated riparian buffer widths) must be based on a field sur-

vey.  

 Buffer Zones 

1. General 
Required riparian buffers consist of the following 3 zones 

a. The streamside zone; 

b. The managed use zone; and 

c. The upland zone.  

2. Streamside Zone 
The streamside zone consists of an undisturbed vegetated area approximately 30 feet 

in width on all sides, as measured horizontally away from the top of the stream bank 

and perpendicular to the stream centerline (or from the edge of contiguous sensitive 

areas, e.g. wetlands).  

3. Managed Use Zone 
The managed use zone consists of a stable, vegetated area approximately 20 feet in 

width on all sides, as measured horizontally away from the streamside zone and per-

pendicular to the stream centerline (or from the edge of contiguous sensitive areas, e.g. 

wetlands).  
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4. Upland Zone 
The upland zone consists of a stable, vegetated area approximately 50 feet in width on 

all sides, as measured horizontally away from the upland zone and perpendicular to the 

stream centerline (or from the edge of contiguous sensitive areas, e.g. wetlands). An 

upland zone is not required for secondary (intermittent) streams. The buffer zones are 

illustrated in Figure 70-1. 

Figure 70-1: Riparian Buffer Zones 

 

 Buffer Vegetation and Use  
Riparian buffers as required by this article must remain undisturbed, with the exception of 

the following allowable uses. 

1. Stream Side Zone 

a. Function 
Protect the integrity of the ecosystems. 

b. Vegetative Targets 
Undisturbed, no cutting or clearing allowed. If existing tree density is inadequate, 

reforestation is encouraged.  

c. Allowable Uses 
Only the following uses are allowed in the stream side zone: 

(1) Perpendicular crossings (between 75 degrees and 105 degrees, as measured 

from the stream centerline) for driveways, streets, roads, sidewalks, railroad 

crossings and associated bridge components;  

(2) Perpendicular overhead and underground utility crossings (between 75 degrees 

and 105 degrees, as measured from the stream centerline);  
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(3) New parallel sanitary sewer lines as long as no “practicable alternative” exists 

and mitigation is performed for the riparian buffer impacts;  

(4) Perpendicular (between 75 degrees and 105 degrees, as measured from the 

stream centerline)  greenways/hiking trails; on-grade greenways/hiking trails 

less than 4 feet in width that do not impact diffuse flow conditions;  

(5) Elevated greenways/hiking trails;  

(6) Fences provided installation does not result in the removal of trees with a 6-

inch diameter at breast height or larger;  

(7) Vegetation management; 

(8) Dam maintenance;  

(9) Wetland/stream/buffer restoration; and 

(10) Mitigation approved by state or federal agencies pursuant to Section 401 or 

404 of the Clean Water Act.  

2. Managed Use Zone 

a. Function 
Provide a distance between upland zone and stream site zone and filter runoff. 

b. Vegetative Targets 
Limited clearing. Existing tree density must be retained at a minimum of 8 healthy 

trees 6-inch (diameter at breast height) trees per 1,000 square feet. If existing tree 

density is inadequate, reforestation is encouraged.  

c. Allowable Uses 
Only the following uses are allowed in the managed use zone: 

(1) All uses allowed in the stream side zone;  

(2) Overhead and underground utilities;  

(3) Greenways/hiking trails less than 10 feet in width that do not impact diffuse 

flow conditions; 

(4) Playground equipment; and 

(5) Stormwater best management practices. 

3. Upland Zone 

a. Function 
Prevent encroachment and filter runoff. 

b. Vegetative targets 
Clearing. Grass or other herbaceous ground cover allowed. Reforestation is encour-

aged.  

c. Allowable Uses 
Only the following uses are allowed in the upland zone: 

(1) All uses allowed in the stream side and managed use zones;  
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(2) Lawns and gardens;  

(3) Septic systems; 

(4) Unoccupied storage buildings and/or roofed without permanent foundations 

that are less than 144 square feet in area; and 

(5) Uncovered slatted decks. [§70.030-C3.c amended 11.03.2014] 

 Buffer Revegetation 
Re-vegetation of disturbed buffers is required as specified in the Water and Land Resources 

Implementation Guidelines when such disturbances result in the failure of the buffer system 

to comply with the vegetative targets specified above. The Water and Land Resources Imple-

mentation Guidelines also contain recommended tree densities for each zone for voluntary 

reforestation efforts. 

 Fill and Occupied Building Limitations 
Fill material may not be placed in the stream side or managed use zones of the riparian 

buffer. Grading is allowed only in the upland zone. Grading must be performed in accord-

ance to the specifications provided in the Water and Land Resources Implementation Guide-

lines including stabilization of disturbed areas to minimize negative water quality impacts. 

Commercial buildings or occupied structures are not allowed in the riparian buffer.  

 Minimal Disturbance  
Permitted uses within the riparian buffer zones must be coordinated to ensure minimal dis-

turbance of the buffer system. For example, if it is necessary to install a greenway trail 

within the riparian buffer, greenway trails must follow cleared areas instead of additional 

clearing. 

 Erosion and Sediment Control Devices 
Erosion and sediment control devices are not allowed to be installed within the riparian 

buffer unless “no practicable alternative” is demonstrated by the applicant. 

 Diffuse Flow Requirements 

1. Diffuse flow of runoff must be maintained in the buffer by dispersing concentrated flow 

and reestablishing vegetation. Technical design standards, details, and construction 

specifications for providing diffuse flow are provided in the Water and Land Resources 

Implementation Guidelines. Concentrated runoff from ditches, pipes, or other manmade 

conveyances must be converted to diffuse flow before the runoff enters the buffer.  

2. Converting large concentrated flow to diffuse flow is not possible. Therefore, discharge 

from a storm pipe system larger than 24 inches in diameter or channel larger than 4 

square feet of flow area is not allowed through the riparian buffer.  

3. Periodic corrective action to restore diffuse flow must be taken by the property owner 

as necessary to prevent the formation of erosion gullies.  

 Existing Lakes, Ponds and Wetlands  
Existing lakes, ponds, and wetlands that intersect the stream channel must have the same 

riparian buffers as the original stream measured from the top of the bank of the pond. 

Buffer requirements do not apply to lakes, ponds, or wetlands used as structural BMPs.  
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 Buffer Delineation 
The following buffer delineations are required:  

1. Streams and riparian buffer boundaries including all buffer zones must be clearly delin-

eated on all construction plans, including grading and clearing plans, erosion, drainage 

and sediment control plans and site plans.  

2. The riparian buffer boundaries closest to the land development activities must be 

clearly marked on-site by safety fence prior to any land disturbing activities. The safety 

fence must remain in place during all land development and construction activities and 

comply with the following standards: 

a. The fence must be at least 4 feet in height and be supported with 72-inch poles 

spaced no more than 12 feet apart.  

b. Fence material color must be orange or a similar high-visibility color relative to ad-

jacent natural vegetation.   

3. Streams and riparian buffer boundaries, including the delineation of each riparian 

buffer zone, must be specified with a metes and bounds description on all surveys and 

record plats.  

4. Property owners must submit a letter to the administrator stating that the riparian 

buffer has not been impacted in order to receive certificate of occupancy.  

5. Riparian buffer requirements must be documented in homeowner’s association docu-

ments.  

 Buffer Easements/Ownership 

1. Riparian buffers for minor subdivisions are the responsibility of the property owner. A 

metes and bound easement of all riparian buffer zones must be included with the plat. 

The metes and bounds easement must authorize and grant permission for the adminis-

trator to enter the property to inspect the riparian buffer.  

2. Riparian buffers for major subdivisions must be the responsibility of the homeowner’s 

association. A separate lot owned by the homeowner association must be created. The 

metes and bounds easement must authorize and grant permission for the administra-

tor to enter the property to inspect the riparian buffer. 

 Incentives 
Incentives to offset restrictions that riparian buffer requirements may place on development are pre-

sented in this section. These incentives promote open space development that incorporates smaller lot 

sizes to minimize total impervious area within the development, reduce total construction costs, con-

serve natural areas, provide community recreational space, and promote protection of streams.  

 Relaxed Lot Setback Requirements  
For all residential lots within a development requiring a riparian buffer, setback require-

ments are reduced as follows:  

1. Front setbacks may be reduced to a minimum of 15 feet for all lots, except front loaded 

garages must maintain a minimum setback of 20 feet.  
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2. Rear setbacks may be 100% within a riparian buffer. Rear setbacks may be reduced to 

30 feet on all internal lots.  

3. Side setbacks may be reduced to a minimum of 5 feet, provided all fire code require-

ments are satisfied.  

 Open Space  
Riparian buffer areas may be used to meet up to 50% of the required open space minimums 

for the development. 

 Mitigation 

 General 

1. Mitigation is the method by which unavoidable or approved buffer impacts within any 

of the buffer zones is offset. Mitigation allows the property owner or other entity the 

opportunity to disturb a buffer, provided that steps are taken to offset the buffer loss. 

Prior to any buffer impact, any person or entity seeking approval of a buffer impact 

must submit the required site and mitigation information for approval to the adminis-

trator, as specified below, to the extent approval is required by this article. The submit-

ted site and mitigation information must show the extent of the proposed impact and 

clearly specify the proposed mitigation technique. The mitigation site must be within 

the Twelve Mile Creek Wastewater Treatment Plant service area.  

2. Impacts to stream buffers not specified in the buffers standards of Section 70.030 and 

proposed to allow development or other land use in a buffer are required to mitigate or 

offset the proposed impact in accordance with this article.  

 Pre-approved Mitigation Techniques  
The following techniques are available for mitigation of buffer impacts upon review and ap-

proval of a specific site mitigation plan by the administrator. The criteria used to set the 

mitigation ratios are based on each methods preservation of the 4 primary natural functions 

of stream buffers (pollutant filtration, floodwater storage, space for natural channel mean-

der and wildlife habitat). Specifications for these pre-approved mitigation techniques are 

provided in the Land Resources Implementation Guidelines. All mitigation techniques must 

be preserved by recording a conversation easement.  

1. Installation of Structural BMPs 
Riparian buffer impacts can be offset on a 4:1 acreage basis of drainage area treated to 

riparian buffer impacted area by the installation of an on-site structural BMP designed 

to achieve the standard BMP pollutant removal targets published in the North Carolina 

Division of Water Quality Stormwater Best Management Practices Manual. The BMP 

must remain outside the stream side zone. A detailed BMP design plan must be submit-

ted to the administrator. This plan must also include a long-term operating and mainte-

nance strategy for the BMP complete with the establishment of adequate financing to 

support the proposed maintenance practices.  

2. Stream Restoration 
The owner may restore and preserve the riparian buffer area on any stream of equiva-

lent or greater drainage area the condition of which is determined to be qualified for 

restoration by the administrator on a 1:1 basis in linear feet of stream. This restoration 

must include stream bank improvements and stream side and managed use zone re-
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vegetation, in accordance with the Water and Land Resources Implementation Guide-

lines.  

3. Stream Preservation 
The owner may purchase, fee simple, other stream segments at equivalent or greater 

drainage area on a 1:1 linear foot basis.  

4. Wetlands Restoration 
On a 2:1 acreage basis for disturbed riparian buffer area (2 acres of wetland for each 

acre of disturbed area), the owner may provide a combination of the preservation 

and/or restoration of wetlands, and the implementation of structural or non-structural 

BMP’s.  

5. Riparian Hardwood Preservation 
On a 2:1 acreage basis for impacted riparian buffer area [2 acres of riparian hardwood 

for each acre of disturbed riparian buffer area], the owner may provide a combination 

of the preservation of existing riparian hardwood forest by conservation easement or 

other legal instrument.  

6. Open Space Development 
On a 2:1 acreage basis for impacted riparian buffer area [2 acres of open space for each 

acre of disturbed riparian buffer area], the owner may preserve undisturbed open space 

to allow for riparian buffer impacts. The preserved undisturbed open space must be in 

the same development as the impacted riparian buffer. A maximum of 50 percent of 

the parcel may be preserved as undisturbed open space. 

 Alternative Mitigation Techniques  
Alternative mitigation approaches may be approved on a case-by-case basis. The owner 

must submit such plan with proposed riparian buffer impacts and detailed mitigation infor-

mation to the administrator for approval. The criteria used to judge the acceptability of any 

alternative plan must be the degree to which the plan addresses the preservation of the 4 

primary natural functions (pollutant filtration, floodwater storage, space for natural channel 

meander and wildlife habitat) of riparian buffers. Additional information regarding the fac-

tors assessed to approve alternative mitigation techniques are presented in the Water and 

Land Resources Implementation Guidelines. Such plans may be submitted in conjunction 

with a mitigation plan submission to the U.S. Army Corp of Engineers and N.C. Department 

of Environment and Natural Resources for proposed stream or wetland impacts. The ad-

ministrator, when considering proposed mitigation alternatives, must give equal weight to 

proposals that utilize the preservation of unique or endangered habitat or natural areas 

against proposed buffer impacts.  

 Use of Mitigation Credit 

1. For mitigation credits associated with the installation and/or construction of stream 

restoration and/or BMPs, the mitigation credit may be used to offset riparian buffer im-

pacts after the stream restoration and/or BMP construction is complete and approved 

by administrator. Partial mitigation credit may be approved for stream restoration 

and/or BMPs that have been installed but have not exhibited successful vegetation in-

stallation. Successful vegetation installation must be assessed after a full growing sea-

son, at which time, additional mitigation credit may be approved.  
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2. All required easements and/or property ownership rights must be demonstrated. For 

mitigation credits associated with the conservation and/or preservation of existing nat-

ural sources such as stream preservation or riparian buffer preservation, all required 

easements and/or property ownership rights must be demonstrated.  

 Financial Security for Structural BMPs  
When structural BMPs are approved for mitigation of a riparian buffer disturbance, the ap-

proval is subject to the owner filing a letter of credit or other county approved financial 

guarantee. The financial guarantee must guarantee the installation and maintenance of the 

required structural BMPs until the issuance of certificates of occupancy for 75% of all con-

struction that might reasonably be anticipated to be built within the area which drains into 

the BMPs. The financial arrangements must allow credit for improvements completed prior 

to the submission of the final plat. At such time that this level of occupancy is achieved, 

written notice thereof must be given by the owner to the administrator. The owner must 

also verify the adequacy of the operating and maintenance plan for the BMPs including the 

necessary financing to support the proposed maintenance practices. The administrator 

must inspect the structural BMPs and verify the effectiveness of the operating and mainte-

nance plan and if found satisfactory, must, within 30 days of the date of the notice, notify 

the owner that the letter of credit may be released. 

 Maintenance and Inspections 

 Maintenance Responsibilities  
Maintenance of all structural BMPs is the responsibility of the property owner and the 

owner’s successors in interest.  

 Site Inspections 

1. Agents, officials, or other qualified persons authorized by Union County may periodi-

cally inspect riparian buffers and approved mitigation sites to ensure compliance with 

this article. Notice of the right to inspect must be included in the letter of approval of 

each variance and authorization certificate. Authorized agents, officials or other quali-

fied persons have the authority, upon presentation of proper credentials, to enter and 

inspect at reasonable times any property, public or private, for the purpose of investi-

gating and inspecting the site of any riparian buffer. No person may willfully resist, de-

lay, or obstruct an authorized representative, employee, or agent of Union County, 

while that person is inspecting or attempting to inspect a riparian buffer or mitigation 

site nor may any person obstruct, hamper or interfere with any such representative 

while in the process of carrying out their official duties. Union County has the power to 

conduct such investigations as deemed reasonably necessary to carry out the duties as 

prescribed in this article.  

2. The riparian buffer and all techniques used for mitigation must be self-inspected annu-

ally by the owner. The inspections must be documented using the forms provided in the 

Water and Land Resources Implementation Guidelines. The inspection documentation 

must be submitted to the administrator between January 1 and January 31 that docu-

ments the inspection results for the preceding year.   . 
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 Purpose 
The Schweinitz's sunflower is a perennial aster that may stand as tall as 10 feet and support 100 or more 

2-inch wide flowers. The plant includes yellow ray and disc flowers that appear from late August 

through October. The Schweinitz’s sunflower has occurred historically in Piedmont prairies in the Char-

lotte geologic belt of North and South Carolina. Only 90 populations are presently known and all occur 

within 50 miles of Union County, North Carolina. The Schweinitz’s sunflower has been identified as an 

endangered species by state and federal agencies. Therefore, protection of the Schweinitz’s sunflower 

is a high priority.  

 Applicability 
All new subdivisions with more than 50 lots within the Twelve Mile Creek Wastewater Treatment Plant 

Service Area are subject to the Schweinitz’s sunflower regulations of this article. Determination of the 

number of lots must be based on the entire subdivision, not individual development phases.  

 Survey and Protection Plan Requirements 

 Submittal Requirements 

1. All applicable developments must submit, as part of the subdivision approval process 

and prior to any land disturbance activities, a sunflower identification and protection 

plan to the administrator. The sunflower identification and protection plan must be re-

viewed and approved by the administrator as part of the subdivision approval.  

2. Sunflower identification surveys must be performed in accordance to industry standard 

methods, as required by the North Carolina Department of Environment and Natural 

Resources, North Carolina Department of Agriculture and Consumer Services, Plant 

Protection Section, Plant Conservation Program, and United States Department of In-

terior Fish and Wildlife Services. A vegetation identification professional must perform 

the sunflower identification. The administrator must review the vegetation identifica-

tion professional’s qualifications, training, etc. to determine if the background is suffi-

cient to perform Schweinitz’s sunflower identification and certification. §75.030-A2 

amended 11.03.2014 

3. Sunflower surveys must be based on an actual on-the-ground survey and assessment of 

all Schweinitz’s sunflower habitat areas within the proposed development site. The ad-

ministrator must be invited to attend the identification survey.  

 Protection Plan Requirements  
The sunflower protection area must extend at least 5 feet outside of all identified sunflow-

ers. All sunflower identification and protection plans must include sufficient construction 
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details and specifications to minimize the potential for impacts associated with construc-

tion. As described in the Water and Land Resources Implementation Guidelines, the sun-

flower protection details and construction specifications must be adequate to ensure that 

all sunflower plants including root systems are left undisturbed and to prevent any damage 

of the sunflower during the construction activities. The sunflower protection plans must in-

clude a plan view of all protection devices and appropriate details including items such as 

temporary construction fencing, signage, staking, and separation distances from proposed 

construction activities.  

 Sunflower Protection Area Delineations and Easements 
The following sunflower protection area delineations and easements are required:  

1. Sunflower protection is the responsibility of the property owner and any homeowner’s 

association.  

2. Boundaries that are 5 feet beyond field-identified sunflower locations are required to be 

set, field marked by safety fence, and contained within a recorded easement. The 

safety fence must comply with the following standards: 

a. The fence must be at least 4 feet in height and be supported with 72-inch poles 

spaced no more than 12 feet apart.  

b. Fence material color must be orange or a similar high-visibility color relative to ad-

jacent natural vegetation.   

3. Sunflower protection area boundaries must be clearly delineated on all construction 

plans, including grading and clearing, drainage, erosion and sediment control, and site 

plans.  

4. Sunflower protection area boundaries must be clearly marked by safety fence prior to 

any land disturbing activities. The sunflower protection area safety fence must remain 

in place during all land development and homebuilding activities. 

5. Sunflower protection area boundary delineations must be specified with a metes and 

bounds description on all surveys and record plats.  

6. Property owners must provide a third-party certification from a vegetation identifica-

tion professional that the Schweinitz’s sunflowers within those boundaries have not 

been impacted prior to subdivision plat approval and certificate of occupancy.  

7. A recorded easement described by a metes and bounds boundary must grant the ad-

ministrator the right to enter the property to inspect the Schweinitz’s sunflower.  

 Relocation 

 General 
As an alternative to Schweinitz’s sunflower protection, the property owner may relocate 

Schweinitz’s sunflowers from the original location to an alternative location. The alternative 

location must be located within the subject development and exhibit similar soils, sunlight 

exposure, adjacent vegetation and other items needed to support sunflower relocation suc-

cess. The alternative location must be approved by the administrator and other appropriate 

regulatory agencies during the construction plan review and approval process and prior to 

relocation. The relocation must occur during the Schweinitz’s dormant season (November 
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to March). All invasive plants must be removed prior to Schweinitz’s sunflower relocation. 
§75.040-A amended 11.03.2014 

 Sunflower Survival Requirements 
Survival rates of the relocation Schweinitz’s sunflower must be certified by a vegetation 

identification professional and measured one month and one growing season after the relo-

cation. The administrator must review and determine if the vegetation identification pro-

fessional’s certification is appropriate for acceptance. Survival rates of less than 75% must 

be replenished by the property owner by harvesting Schweinitz’s sunflowers from an alter-

native location. Failure to correct a survival rates of less than 75% is considered a violation 

of this ordinance.  

 Alternative Relocation Approaches 
Alternative approaches to relocate the Schweinitz’s sunflower may be approved by the ad-

ministrator on a case-by-case basis. 

 Inspection and Financial Guarantees 

 Performance Surety 
The property owner must post a performance surety to guarantee that the Schweinitz’s 

sunflower has been properly protected or relocated. The amount of the surety must consti-

tute the cost of replacement of the Schweinitz’s sunflower. The property owner must pro-

vide information sufficient to determine the cost of replacement.  

 Site Inspections 
Agents, officials, or other qualified persons authorized by Union County may periodically 

inspect development sites to ensure compliance with this article. Authorized agents, offi-

cials or other qualified persons have the authority, upon presentation of proper credentials, 

to enter and inspect at reasonable times any property, public or private, for the purpose of 

investigating and inspecting the site of any Schweinitz’s sunflower survey. No person may 

willfully resist, delay, or obstruct an authorized representative, employee, or agent of Union 

County, while that person is inspecting or attempting to inspect a survey site nor may any 

person obstruct, hamper or interfere with any such representative while in the process of 

carrying out their official duties. Union County has the power to conduct such investigations 

as deemed reasonably necessary to carry out the duties as prescribed in this article.  
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 Common Provisions 

 Applicability 
The common provisions of this section apply to all of the procedures in this article unless 

otherwise expressly stated. 

 Review and Decision-making Authority (Summary Table) 
Table 80-1 provides a summary of the review and approval procedures of this article. In the 

case of conflict between this summary table and the detailed procedures contained else-

where in this article, the detailed procedures govern. 

Table 80-1: Review and Decision-Making Authority Summary Table 
Procedure Administrator Board of  

Adjustment 
Planning 

Board 
Board of  

Commissioners 
Hearing 
Notice 

Ordinance Text Amendments R – R <DM> N 
Zoning Map Amendments  R – R <DM> N/M/S 
Conditional Zoning Map Amendments R – R <DM> N/M/S 
Exempt Subdivisions DM – – – – 
Minor Subdivisions DM – – – – 

Major Subdivisions      
Preliminary Plan DM – – – – 
Final Plat DM – – – – 

 
Master Planned Developments 

     

MPD Development Plans R – R <DM> N/M/S 
MPD Site Plans DM – – – – 

Special Uses R <DM> – – M/S 
Variances R <DM> – – M/S 
Appeals of Administrative Decisions R <DM> – – M/S 

R = Review body (review and recommendation) | DM = Decision-making body (final decision to approve or deny) 
< > = Public hearing required | Hearing Notice: N = Newspaper; M = Mail; S = Sign 
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 North Carolina General Statutes 
The review and approval procedures of this article are intended to comply with the provi-

sions of the North Carolina General Statutes (NCGS), expressly including Chapter 153A, Ar-

ticle 18 and Chapter 160A-388. If any provision of this article is in conflict with those stat-

utes or fails to incorporate a provision required for the implementation of the statutes, the 

general statutes govern.  

 Applications and Fees 

1. Property Owner-initiated Applications 
Whenever the provisions of this ordinance allow the filing of an application by the sub-

ject property owner, such applications may be accepted only from the subject property 

owner or other person having the legal authority to file the application, including the 

owner’s duly authorized agent. The administrator is authorized to require applicants to 

submit evidence of their authority to submit applications under this article whenever 

there appears to be a reasonable basis for questioning such authority. 

2. Preapplication Meetings 

a. Purpose 
Pre-application meetings provide an early opportunity for county staff and appli-

cants to discuss the procedures, standards and regulations required for develop-

ment approval under this ordinance. 

b. Applicability 
Pre-application meetings are required whenever the provisions of this ordinance 

expressly state that they are required. Pre-application meetings are encouraged in 

all cases. If a pre-application meeting is expressly required under this ordinance, no 

further processing of an application may occur until the preapplication meeting has 

been completed. 

c. Scheduling 
Pre-application meetings must be scheduled with the administrator.  

d. Guidelines 
The administrator is authorized to establish guidelines for pre-application confer-

ences, including information that must be provided and any available alternatives 

to face-to-face meetings, such as telephone conversations and email correspond-

ence. 

3. Form of Applications 

a. All applications required under this ordinance must be submitted in a form and in 

such numbers as required by the official responsible for accepting the application. 

Applications must include materials and information to allow for a determination 

that the proposed activity complies with all applicable requirements of this ordi-

nance, including at least all of the following: 

(1) A list of the names and addresses of all owners of record of the property that is 

the subject of the application; and 

(2) Maps, plats, surveys, engineering documents, environmental reports, traffic 

studies, and other materials and information as required by this ordinance or 
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applications checklists established by the administrator or other official re-

sponsible for accepting the application and made available to the general pub-

lic. 

b. The administrator and other officials responsible for accepting applications must 

maintain required forms and checklists of materials and information required to be 

submitted with each application. This information must be available to the public in 

the planning department office. The presumption established by this ordinance is 

that all of the information required to be submitted with application is necessary to 

ensure competent review of an application. However, it is recognized that each de-

velopment is unique, and therefore decision-making bodies are authorized to allow 

less information or require more information to be submitted according to the 

needs of the particular case. For applications submitted to the planning board or 

Board of Commissioners or board of adjustment, the applicant may rely on the rec-

ommendations of the administrator about whether more or less information than 

otherwise required should be submitted. 

4. Application Filing Fees and Notification Costs 
All applications must be accompanied by the application fee that has been established 

by Board of Commissioners, including the costs of any required public notices. 

5. Application Completeness, Accuracy and Sufficiency 

a. An application will be considered complete and ready for processing only if it is sub-

mitted in the required number and form, includes all required information and is 

accompanied by the required application filing and notification fees. 

b. The official responsible for accepting the application must make a determination of 

application completeness within 10 business days of application filing. 

c. If an application is determined to be incomplete, the official responsible for accept-

ing the application must notify the applicant of the determination and describe the 

application’s deficiencies.  

d. No further processing of incomplete applications will occur and incomplete applica-

tions will be pulled from the processing cycle, unless the applicant, after being noti-

fied of that the application is incomplete and not adequate for review, files a writ-

ten request to proceed with an incomplete application. 

e. Applications deemed complete will be considered to be in the current processing 

cycle and will be reviewed by staff and other review and decision-making bodies in 

accordance with applicable review and approval procedures of this ordinance. 

f. The official responsible for accepting the application may require that applications 

or plans be revised before being placed on an agenda for possible action if the ad-

ministrator determines that: 

(1) The application or plan contains one or more significant inaccuracies or omis-

sions that hinder timely or competent evaluation of the plan’s/application’s 

compliance with ordinance requirements or other regulations; 
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(2) The application contains multiple minor inaccuracies or omissions that hinder 

timely or competent evaluation of the plan’s/application’s compliance with or-

dinance requirements or other regulations; or 

(3) The decision-making body does not have legal authority to approve the appli-

cation. 

 Application Processing Cycles 
The administrator (or other official responsible for accepting applications), after consulting 

with review and decision-making bodies, is authorized to promulgate reasonable cycles and 

timelines for processing applications, including deadlines for receipt of complete applica-

tions. 

 Public Hearing Notices 

1. Newspaper Notice 
Whenever the procedures of this article require that newspaper notice be provided, the 

notice must be published in a newspaper of general circulation within Union County. 

The required newspaper notice must:  

a. Indicate the date, time and place of the public hearing or date of action that is the 

subject of the notice;  

b. Describe any property involved in the application by map, street address or by legal 

description; 

c. Describe the nature, scope and purpose of the application or proposal in sufficient 

detail to allow citizens to determine what is being proposed and whether they 

would be affected;  

d. Identify who will conduct meetings or hearings or, if no meeting or hearing is re-

quired, who will take action on the application; and 

e. Indicate where additional information on the matter can be obtained. 

2. Mailed Notice 

a. Whenever the procedures of this article require that notice of a public hearing be-

fore the Board of Commissioners be mailed, such notice must be sent by United 

States Postal Service certified mail. All other mailed notices required under this ar-

ticle must be sent by United States Postal Service first-class mail unless otherwise 

expressly stated. 

b. Addresses must be based on the latest property ownership information available 

from county tax records. When required notices have been properly addressed and 

deposited in the U.S. mail, alleged failure of a party to receive the mailed notice 

does not constitute grounds to invalidate any action taken. 

c. Mailed notices must include at least the information required for newspaper no-

tices pursuant to §80.010-F1. 

3. Posted Notice 
When the procedures of this article require that posted notice be provided, at least one 

notice sign must be posted prominently on the subject site. If access to the subject site 



Article 80 | Review and Approval Procedures 
Section 80.010 | Common Provisions 

Effective October 6, 2014 page 80-5 Amendments through 11.03.2014 

is not possible, signs may be posted in the right-of-way abutting the site. When multi-

ple lots are included within the proposal, a posting for each individual lot is not re-

quired, but sufficient notices must be posted to provide reasonable notice to interested 

persons.  

4. Constructive Notice 

a. Minor defects in required notices will not be deemed to impair the notice or invali-

date proceedings pursuant to the notice if a bona fide attempt was made to comply 

with applicable notice requirements. Minor defects in notice are limited to errors in 

a legal description or typographical or grammatical errors that do not impede com-

munication of the notice to affected parties. If questions arise at the public hearing 

regarding the adequacy of notice, the hearing body must make a formal finding 

about whether there was substantial compliance with the notice requirements of 

this ordinance.  

b. When the records of the county document the publication, mailing, and posting of 

notices as required by this article, required notice of the public hearing will be pre-

sumed to have been given. 

 Public Hearings Generally 

1. At required public hearings, interested persons must be permitted to submit infor-

mation and comments, verbally or in writing. The hearing body is authorized to estab-

lish reasonable rules and regulations governing the conduct of hearings and the presen-

tation of information and comments.  

2. Once commenced, a public hearing may be continued by the hearing body. No re-noti-

fication is required if the continuance is set for specified date and time and that date 

and time is announced at the time of the continuance.  

3. If a public hearing is continued or postponed for an indefinite period of time from the 

date of the originally scheduled public hearing, new public hearing notice must be given 

before the rescheduled public hearing. If the applicant requests and is granted a contin-

uance or postponement requiring renotification, the applicant must pay any costs of 

renotification. 

4. See also Section 85.030 for provisions governing the board of adjustment’s quasi-judi-

cial (evidentiary) hearings and proceedings. 

 Action by Review Bodies and Decision-Making Bodies 

1. Review and decision-making bodies may take any action that is consistent with: 

a. The regulations of this ordinance; 

b. Any rules or by-laws that apply to the review or decision-making body; and  

c. The notice that was given. 

2. Review and decision-making bodies are authorized to continue a public hearing or defer 

action in order to receive additional information or further deliberate.  
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 Conditions of Approval 
When the procedures of this article authorize approval with conditions, review bodies, in-

cluding staff, are authorized to recommend conditions and decision-making bodies are au-

thorized to approve the subject application with conditions. Any conditions recommended 

or approved must relate to a situation likely to be created or aggravated by the proposed 

use or development and must be roughly proportional to the impacts of the use or develop-

ment.  

 Decision-Making Criteria; Burden of Proof or Persuasion 
Applications must address relevant review and decision-making criteria. In all cases, the 

burden is on the applicant to show that an application or proposal complies with all applica-

ble review or approval criteria.  

 Time-frames for Review and Action 

1. Recognizing that inordinate delays in acting upon applications may impose unneces-

sary costs on applicant, the all reviews and decision-making bodies must make every 

reasonable effort to process applications and conduct required reviews as expeditiously 

as possible, consistent with the need to ensure that all development conforms to the 

requirements of this ordinance. 

2. Any specific time limit imposed by this ordinance for the timing of a decision or action 

on behalf of a review or decision-making body may be extended if the applicant agrees 

to an extension. If a review or decision-making body does not render a decision or take 

action within any time period required under this ordinance and the petitioner has not 

agreed to an extension of that time limit, the application is deemed denied.  

 Vested Rights 

 Purpose 
The purpose of this section is to implement the provisions of NCGS 153A-344.1, which es-

tablish a statutory zoning vested right upon the approval of a plan that qualifies as a site-

specific development plan under NCGS 153A-344.1(b)(5).  

 Procedure  

1. At the time that a property owner submits an application for a conditional zoning dis-

trict map amendment, special use or subdivision plat that qualifies as a site-specific de-

velopment plan under NCGS 153A-344.1(b)(5), property owners may elect to declare in 

writing their desire to acquire a vested right pursuant to NCGS 153A-344.1 and this ordi-

nance.  

2. If a vested right is sought for a subdivision plat, the subdivision plat must be processed 

in accordance with the conditional zoning district map amendment procedures of Sec-

tion 80.050, including the requirements for public hearing and notices. 

3. For proposed developments that do not require conditional zoning district map amend-

ment, special use or subdivision plat approval, property owners may seek to establish a 

vested right by submitting a plan that qualifies as a site-specific development plan un-

der NCGS 153A-344.1(b)(5) and following the special use approval procedures of 

80.100-A.  
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 Establishment 

1. Rights 
A vested right confers upon the property owner the right to undertake and complete 

the development and use of the subject property as delineated on the approved site-

specific development plan.  

2. Transferability 
A vested right obtained under this section attach to and run with the subject property 

and are not affected by changes of tenancy, ownership, or management. After approval 

of a site-specific development plan, all successors to the original property owner are 

entitled to exercise such vested rights. After approval of a site-specific development 

plan, all successors to the original property owner are entitled to exercise such vested 

rights. 

 Vested Term 
A right that has been vested, as provided for in this section, remains vested for a period of 2 

years. This vested term may not be extended by any amendments or modifications unless 

expressly approved by the county. The county may, but is not required to, extend the 

vested term to a maximum total of 5 years.  

 Effect of Establishment; Termination 
A vested right, once established as provided for in this section, precludes any zoning action 

by the county that changes, alters, impairs, prevents, diminishes, or otherwise delays the 

development or use of the property as set forth in the site-specific development plan ap-

proved as part of the vesting request of the property owner, except that the vested right 

will be terminated in the following circumstances:  

1. With written consent of the affected property owner;  

2. Upon finding that natural or man-made hazards on or in the immediate vicinity of the 

property, if uncorrected, would pose a threat to the public health, safety, and welfare if 

the project were to proceed in accordance with the site-specific development plan;  

3. To the extent that the subject property owner receives compensation for all costs and 

losses;  

4. Upon finding that the property owner or the property owner’s authorized agent repre-

sentative, intentionally supplied inaccurate information or made material misrepresen-

tations that made a difference in the plan approval by the county;  

5. Upon the enactment of a state or federal law or regulation that precludes development 

as contemplated in the site-specific development plan; or,  

6. At the end of the applicable vesting period with respect to buildings and uses for which 

no valid building permit applications have been filed.  

 Ordinance Text Amendments 

 Authority to Initiate 
 Amendments to the text of this ordinance may be initiated by the Board of Commissioners, 

the planning board, planning staff or any other interested person.  
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 Administrator Review 
The administrator must review the proposed ordinance text 

amendment and forward the proposed amendment and any 

background reports and recommendations to the planning 

board for their consideration. 

 Planning Board Review  
All proposed ordinance text amendments must be referred 

to the planning board for review and consideration in a pub-

lic meeting. Following its review, the planning board must 

act by simple majority vote to recommend that the pro-

posed text amendment be approved, approved with modifi-

cations, or denied and transmit its written report and rec-

ommendations to the Board of Commissioners.  

 Notice of Public Hearing 
Notice of required public hearings on ordinance text amend-

ments must be published in the newspaper at least once a 

week for 2 successive calendar weeks, with the first of the 2 

required newspaper notices published at least 10 days be-

fore and no more than 25 days before the date of the public 

hearing (see §80.010-F for additional information on re-

quired notices). 

 Board of Commissioners Public Hearing and Final Action 
Following receipt of the planning board’s report and recom-

mendation, the Board of Commissioners must hold a public 

hearing and act, by simple majority vote, to approve the proposed ordinance text amend-

ment, approve the proposed text amendment with modifications or deny the proposed text 

amendment. The Board of Commissioners may also remand the proposed text amendment 

back to the planning board for further consideration. The Board of Commissioners may take 

action on a proposed amendment without a recommendation of the planning board if a rec-

ommendation from the planning board has not been forward within 45 days of the planning 

board’s meeting to consider the amendment.  

 Review and Approval Criteria  
 In deciding whether to amend the text of this ordinance, the central issue before the Board 

of Commissioners is whether the proposed amendment advances the public health, safety 

or welfare. All other issues are irrelevant, and all information related to other issues at the 

public hearing may be declared irrelevant by the chair and excluded.  

 Required Statement 
In acting to approve any ordinance text amendment, the Board of Commissioners must also 

approve one or more statements (1) describing whether its action is consistent with the 

comprehensive plan and any other applicable adopted plans and (2) explaining why the 

Board of Commissioners considers the amendment to be reasonable and in the public inter-

est.  

Figure 80-1: Text Amendments 
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 Zoning Map Amendments (Rezonings) 

 Authority to File 
Zoning map amendments may be initiated only by the 

Board of Commissioners, the planning board, the subject 

property owner or the subject property owner’s authorized 

agent.  

 Preapplication Meeting 
A preapplication meeting is required before filing a zoning 

map amendment application. (See §80.010-D2 for addi-

tional information on preapplication meetings). 

 Application Filing 
Complete applications for zoning map amendments must 

be filed with the administrator. 

 Administrator Review 
Following receipt of a complete zoning map amendment 

application, the administrator must review the proposed 

zoning map amendment and forward the proposed amend-

ment and any background reports and recommendations to 

the planning board for their consideration. 

 Planning Board Review 
All proposed zoning map amendments must be referred to 

the planning board for review and consideration in a public 

meeting. Following its review, the planning board must act 

by simple majority vote to recommend that the proposed 

zoning map amendment be approved, approved with modi-

fications, or denied and transmit its written report and rec-

ommendations to the Board of Commissioners.  

 Notice of Public Hearing 
Notice of required public hearings on zoning map amendments must be provided as follows 

(see §80.010-F for additional information on required notices). 

1. Newspaper Notice 
Notice of proposed zoning map amendments must be published in the newspaper at 

least once a week for 2 successive calendar weeks, with the first of the 2 required news-

paper notices published at least 10 days before and no more than 25 days before the 

date of the public hearing. 

2. Mailed Notice 

a. At least 10 days before and no more than 25 days before the date of the public 

hearing, notice must be mailed to the subject property owner and all owners of 

property that abut the subject property or are located on the opposite side of the 

street from the subject property. If the owner of the subject property also owns the 

property abutting the subject the property or across the street from the subject 

property, the required mail notification radius must be extended to include the 

Figure 80-2: Zoning Map 
Amendments 
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nearest properties owned by individuals or entities who are not owners of the sub-

ject property. 

b. If the proposed zoning map amendment would reclassify more than 50 properties, 

owned by a total of at least 50 different property owners, the county may elect to 

provide mailed notice to individual property owners as stated in §80.040-F2.a or 

provide expanded newspaper notice of the proposed zoning map amendment. Ex-

panded newspaper notice requires that a map of the area proposed to be rezoned 

and an explanation of the effect of the rezoning be published in the newspaper 

once a week for 4 successive calendar weeks before the public hearing. The ex-

panded newspaper notice must be at least one-half page in size, and any property 

owners residing outside the county must be provided with individual mailed notice 

in accordance with §80.040-F2.a. If expanded newspaper notice is provided in lieu 

of individual mailed notice, notice (signs) must be posted prominently at least 10 

days before and no more than 25 days before the required public hearing. 

3. Posted Notice  
In addition to newspaper and mailed notice, notice (signs) must be posted prominently 

on the subject property at least 10 days before and no more than 25 days before the 

public hearing.  

 Board of Commissioners Public Hearing and Final Action 
Following receipt of the planning board’s report and recommendation, the Board of Com-

missioners must hold a public hearing and act, by simple majority vote, to approve the pro-

posed zoning map amendment, approve the proposed zoning map amendment with modi-

fications or deny the proposed zoning map amendment. The Board of Commissioners may 

also remand the proposed zoning map amendment back to the planning board for further con-

sideration. The Board of Commissioners may take action on a proposed amendment with-

out a recommendation of the planning board if a recommendation from the planning board 

has not been forwarded within 45 days of the planning board’s meeting to consider the 

amendment.  

 Review and Approval Criteria  
In deciding whether to adopt a zoning map amendment, the central issue before the Board 

of Commissioners is whether the proposed amendment advances the public health, safety 

or welfare. All other issues are irrelevant, and all information related to other issues at the 

public hearing may be declared irrelevant by the chair and excluded.  

 Required Statement 
In acting to approve any zoning map amendment, the Board of Commissioners must also 

approve one or more statements (1) describing whether its action is consistent with the 

comprehensive plan and any other applicable adopted plans and (2) explaining why the 

Board of Commissioners considers the amendment to be reasonable and in the public inter-

est. 

 Successive Applications 

1. Unless the Board of Commissioners finds that there have been substantial changes in 

conditions or circumstances bearing on the application, the administrator may not ac-

cept a zoning map amendment application for the same property within 12 months of 

the date that an application: 
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a. Has been denied by the Board of Commissioners; 

b. Has been withdrawn by the applicant after planning board consideration; or 

c. A zoning map amendment for a more restrictive classification than requested by an 

applicant has been approved by the Board of Commissioners. 

2. The time limitation imposed by this subsection 

(§80.040-J) does not apply to the filing a conditional 

zoning map amendment application on the same prop-

erty for which a zoning map amendment was denied be-

fore the effective date specified in Section 1.030. 

 Vested Rights 
No vested right is created solely as the result of the Board of 

Commissioners’ approval of a zoning map amendment.  

 Conditional Zoning District Map Amendments (Con-
ditional District Rezonings) 

 Applicability 
The conditional district zoning map amendment procedure 

of this section applies when a property owner proposes to 

place additional zoning- or development-related restrictions 

on a particular property, over and above those that would 

otherwise apply under this ordinance. The conditional zon-

ing map amendment procedure of this section must be fol-

lowed when whenever an applicant for rezoning proposes 

to: 

1. Reduce or narrow the range of uses or building types al-

lowed in the subject zoning district; 

2. Commit to strict compliance with a site-specific devel-

opment plan that imposes: 

a. Lot and building regulations that are more restric-

tive than otherwise required in the subject zoning 

district; or 

b. Other development-related standards or conditions 

that are more restrictive than those that would oth-

erwise apply to the subject property under this ordi-

nance. 

  Authority to File 
Applications for conditional zoning district map amend-

ments may be filed only by the subject property owner or 

the subject property owner’s authorized agent. 

 Preapplication Meeting 
A preapplication meeting is required before filing a conditional zoning district map amend-

ment application. (See §80.010-D2 for additional information on preapplication meetings). 

Figure 80-3: Conditional Zoning 
District Map Amendments 
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 Review and Approval Procedure 
The zoning map amendment procedures and requirements of Section 80.040 apply and 

must be followed for all conditional zoning district map amendments, except as otherwise 

expressly stated in this section. 

 Required Community Meeting 

1. Before a public hearing may be held on an application for conditional zoning district 

map amendment, the applicant must provide the administrator with a written report of 

at least one community meeting held by the applicant.  

2. Reasonable notice of the required community meeting must be given to nearby prop-

erty owners and to affected and interested parties in accordance with county public no-

tice policies.  

3. The report must include at least a listing of those persons and organizations contacted 

about the meeting and the manner and date of contact, time, date, and location of the 

meeting, a roster of the persons in attendance at the meeting, a summary of issues dis-

cussed at the meeting, and a description of any changes to the rezoning application 

made by the applicant as a result of the meeting.  

4. If the applicant has not held at least one community meeting pursuant to this subsec-

tion, the applicant must file a report documenting efforts that were made to arrange 

such a meeting and stating the reasons that a meeting was not held.  

5. The adequacy of the meeting and the meeting report must be considered by the Board 

of Commissioners, but is not subject to judicial review. 

 Submittal Requirements 
The application must include all information required for proposed zoning map amend-

ments. In addition, proposed conditional zoning district map amendments must include 

detailed narrative text that specifies the conditions that will govern development of the 

subject property. If proposed conditions include physical site improvements or features that 

can be illustrated, a site plan must also be submitted. 

 Scope and Effect of Approval 

1. Transferability 
Approved conditional zoning district map amendments run with the land and are not 

affected by changes of tenancy, ownership, or management. Similarly, all conditions 

associated with an approved conditional zoning district map amendment are perpetu-

ally binding upon the subject property and apply regardless of changes in ownership or 

tenancy, unless amended in accordance with §80.050-H.  

2. Special Uses 
Once a conditional zoning district has been approved by the Board of Commissioners, 

property owners are not required to obtain special use approval by the board of adjust-

ment in accordance with 80.100-A, as long as all information required for special use 

approval is included with the conditional zoning map amendment application. If the 

information otherwise required for special use approval is not submitted and reviewed 

as part of the conditional zoning district map amendment application, then special use 
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approval in accordance with 80.100-A is required before any permits may be issued for 

the subject use. 

3. Recording 
The subject property owner must obtain written certification of the approval of the con-

ditional zoning map amendment from the administrator and record the legal descrip-

tion and accompanying conditional zoning map amendment and exhibits in the office 

of the register of deeds. No building permits or other permits or approvals may be is-

sued by the county until the property owner provides a signed written acknowledgment 

of recording. 

4. Violations 
Any violation of a condition attached to an approved conditional zoning map amend-

ment is a violation of this ordinance and is subject to the same penalties and enforce-

ment procedures as any other ordinance violation. 

 Amendments and Modifications 
Amendments to approved conditional zoning district map amendments may be approved 

in accordance with the following requirements.  

1. Minor Amendments 

a. The administrator is authorized to approve the following minor amendments to 

approved conditional zoning district map amendments: 

(1) Any amendments expressly authorized as minor amendments at the time of 

approval of the conditional zoning district map amendment; and 

(2) Changes to the development site or to structures necessitated by engineering, 

architectural or physical limitations of the site that could not have been fore-

seen at the time the conditional zoning district map amendment was approved 

and that are not otherwise classified as major amendments pursuant to 

§80.050-H2. 

b. Applications for minor amendments to approved conditional zoning district map 

amendments must be filed in a form established by the administrator. If no action 

is taken on the minor amendment application within 30 days of filing of a complete 

application, the minor amendment is deemed denied.  

2. Major Amendments 

a. All of the following constitute major amendments to approved conditional zoning 

district map amendments: 

(1) An increase in overall building coverage by more than 1%; 

(2) An increase in building height by more than 1% or 1 foot, whichever is less; 

(3) An increase in residential density or the number of residential units allowed; 

(4) An overall reduction in the amount of common open space or landscaping; 

(5) A reduction in off-street parking by more than 10% or one space, whichever 

results in a greater reduction; 
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(6) A change in the vehicle circulation pattern that would increase points of access, 

change access to another street or increase projected traffic volumes;  

(7) Any combination of 2 or more minor amendments that were not expressly au-

thorized by the approved conditional zoning district map amendment; and 

(8) Any modification of a condition of approval imposed at the time of approval of 

the conditional zoning district map amendment. 

b. Major amendments to an approved conditional zoning district map amendment 

must be processed as a new conditional zoning district map amendment applica-

tion, including all requirements for fees, notices and public hearings. 

 Vested Rights 
If the Board of Commissioners approves a conditional zoning district map amendment that 

includes a plan qualifying as a site-specific development plan under NCGS 153A-344.1(b)(5), 

the Board of Commissioners is authorized, upon a written request from the property owner, 

to designate the approved plan as a site-specific development plan that triggers a vested 

right for a period of not less than 2 nor more than 5 years pursuant to NCGS 153A-344.1. An 

approved site-specific development plan must include the following statement: "Approval 

of this plan establishes a zoning vested right under NCGS 153A-344.1. Unless terminated at 

an earlier date, the vested right remains valid until [insert  date]." 

 Exempt Subdivisions  

 Purpose 
The exempt subdivision determination procedures of this section are intended to result in 

written documentation that a proposed land division qualifies as an exempt subdivision. 

While land divisions that do not constitute a subdivision are exempt from subdivision plan 

procedural requirements, they are not exempt from compliance with other applicable (non-

plat) requirements of this ordinance.  

 Applicability 
All persons proposing land divisions that do not constitute a subdivision must file an appli-

cation for determination of exempt subdivision status in accordance with the procedures of 

this section. Activities that do not constitute a subdivision, are as follows: 

1. The combination or recombination of portions of previously subdivided and recorded 

lots if: 

a. The total number of lots is not increased; and 

b. The resulting lots comply with all applicable zoning district requirements and subdi-

vision design and improvements standards. 

2. The division of land resulting in the creation of lots that are each more than 10 acres in 

area, provided that no right-of-way dedication is involved. 

3. The public acquisition of land for the establishment (or widening) of roads, rail corri-

dors, parks, open space, trails, greenway corridors, conservation areas, or public water 

reservoir projects;  

4. The division of a tract of land in single ownership into no more than 3 lots if: 
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a. The tract to be divided is no greater than 2 acres in area; 

b. No right-of-way dedication is involved; and  

c. The resulting lots meet or exceed the minimum lot size regulations of this ordi-

nance.  

5. The division of land into cemetery plots; 

6. The division of land solely for the purpose of creating lots to be occupied by electrical 

substations, water towers, community water and wastewater systems, cell towers and 

similar structures used for public or quasi-public utility purposes, provided no right-of-

way dedication is involved; and 

7. The division of a tract of land resulting solely from public acquisition of land to be used 

for public street right-of-way. 

 Application Submittal 
A complete application for exempt subdivision determination must be submitted to the 

planning division director and include a copy of the final mylar plat and 3 paper copies of the 

plat.  

 Planning Division Director Review and Action  

1. Following receipt of a request for a determination of exempt subdivision status, the 

planning division director must make a determination of the land division’s exempt or 

nonexempt status.  

2. If the planning division director determines that the proposed land division does not 

constitute a subdivision, the planning division director must certify the proposed land 

division as exempt and include the following statement on the plat: 

I, [ i n s e r t  n ame ] , Union County Planning Division Director, certify that 
this plat does not constitute a subdivision and that it meets all statutory 
requirements for recording. Because of its “exempt” status, the county 
has not reviewed this plat for compliance with applicable zoning and 
subdivision regulations (e.g., street standards). Prospective purchasers 
should be aware that plans for building and development may be denied 
for lots that do not meet applicable county standards. This approval ex-
pires if not recorded before [ i n s e r t  d ate ] . 

3. If the planning division director determines that the proposed land division constitutes 

a subdivision, the applicant must be informed of that determin 

4. ation in writing. 

 Minor Subdivisions 

 Applicability 
The minor subdivision review and approval procedures of this section may be used only for  

land divisions that result in the creation of no more than 8 lots out of a single tract since 

February 14, 1978. that do not, under the terms of this ordinance, require the construction 

of new streets, public water or sewer facilities, sidewalks, or similar infrastructure and pub-

lic facilities. 
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 Preapplication Meeting 
A preapplication meeting is required before filing an appli-

cation for approval of a minor subdivision. (See §80.010-D2 

for additional information on preapplication meetings). 

 General Process 
The minor subdivision process is a one-step process involv-

ing review and approval of a final plat, in accordance with 

the final plat approval procedures of §80.080-F. No lot pro-

posed to be created through the minor subdivision process 

may be sold or offered for sale until a final plat showing the 

subdivision has been approved in accordance with the final 

plat procedures of §80.080-F and has been recorded with 

the register of deeds. 

 Major Subdivisions 

 Applicability 
The major subdivision review and approval procedures of 

this section must be followed for all proposed land divisions 

that do not qualify as exempt subdivisions under Section 

80.060 or as minor subdivisions under Section 80.070. 

 General Process 

1. The major subdivision process is a multi-step process requiring: 

a. Preapplication meeting; 

b. Sketch plan; 

c. Preliminary plan; 

d. Final plat: 

2. Infrastructure and public improvements may be installed only after approval of a pre-

liminary plan, and sale of lots is permitted only after a final plat has been approved and 

recorded with the register of deeds. 

 Preapplication Meeting 
A preapplication meeting is required before filing an application for sketch plan review. (See 

§80.010-D2 for additional information on preapplication meetings). 

 Sketch Plan 

1. Before submitting an application for preliminary subdivision plan approval, the subject 

property owner or the property owner’s authorized agent must submit to the planning 

division director a sketch plan of the proposed subdivision. 

2. Following a review of the sketch plan and other materials by the planning staff and 

technical review committee, the planning division director must advise the applicant of 

the results of the sketch plan review. A preliminary plan application may not be submit-

ted until after the technical review committee has provided the developer with its com-

ments and recommendations based on the sketch plan review. 

Figure 80-4: Minor Subdivisions 
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 Preliminary Plan 

1. Authority to File 
Applications for preliminary plan approval may be filed 

only by subject property owner or the subject property 

owner’s authorized agent. 

2. Application Filing 
Complete applications for preliminary plan approval 

must be filed with the planning division director. 

3. Planning Division Director Review and Action 

a. Upon receipt of a complete application for prelimi-

nary plan approval, the planning division director 

must refer the application to the technical review 

committee and other affected agencies for review 

and comment.  

b. After completing review of the preliminary plan ap-

plication and allowing reasonable time for receipt of 

comments from the technical review committee and 

other review agencies, the planning division director 

must act to approve the preliminary plan, approve 

the plan with conditions or deny the preliminary 

plan and notify the applicant, in writing, of the deci-

sion. The planning division director’s action must be 

based solely on whether the proposed subdivision 

and associated development, as shown on the pre-

liminary plan, complies with all applicable provisions 

of this ordinance. If the application is denied, the 

written notice to the applicant must state the rea-

sons for denial. 

4. Effect of Approval 

a. Upon approval of the preliminary plan, the applicant 

may proceed with installation of or arrangement for 

required infrastructure and improvements in accord-

ance with the approved preliminary plan and the re-

quirements of this ordinance, including the infra-

structure and public improvement requirements of Article 60. The applicant may 

also proceed with the preparation and submittal of the required final plat. 

b. No building permits may be issued to develop any lot or tract shown on the ap-

proved preliminary plan until a final plat showing such lot or tract is approved and 

recorded in compliance with §80.080-F. 

5. Lapse of Approval 

a. An approved preliminary plan remains valid and effective for a period of 2 years 

from the date of approval. If final plat approval and recording of the approved final 

Figure 80-5: Major Subdivisions 
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plat has not occurred within this 2-year period, the preliminary plan approval lapses 

and is of no further effect, except under the following conditions: 

(1) The subdivision is to be built in sections or phases, and a phasing plan was ap-

proved as part of the preliminary plan; 

(2) The period between the approval date of the preliminary plan and the approval 

date of the final plat for the first phase does not exceed one year; and 

(3) The period between the approval date of the final plat for the first phase and 

the approval dates of the final plats of any subsequent phases do not exceed 

the time limits specified in the phasing plan for the approved preliminary plan. 

b. If a phasing plan for construction of the subdivision is approved, the expiration date 

of the preliminary plan will be governed by the time periods approved as part of the 

phasing plan. 

 Final Plat 

1. Authority to File 
A final plat may be filed only by subject property owner or the subject property owner’s 

authorized agent. 

2. Application Filing 

a. Final plats must be filed with the planning division director.  

b. The application for final plat approval must be accompanied by the property 

owner’s written acknowledgment that all infrastructure and public improvements 

shown on the preliminary plan must either be installed or covered by an approved 

performance guarantee (See Section 60.030) prior to approval of the final plat. 

3. Planning Division Director Review and Action 

a. Upon receipt of a complete final plat, the planning division director must refer the 

final plat to affected agencies for review and comment.  

b. After completing review of the final plat and allowing reasonable time for receipt of 

comments from review agencies, the planning division director must act to approve 

the final plat, approve the final plat with conditions or deny approval the final plat 

and notify the applicant, in writing, of the decision. The planning division director’s 

action must be based solely on whether the final plat is consistent with the ap-

proved preliminary plan and any conditions of approval and with all other applica-

ble provisions of this ordinance. If the final plat is not approved, the written notice 

to the applicant must state the reasons for denial. 

4. Amendments and Modifications 
Any substantial amendments or modifications of an approved preliminary plan require 

submittal of an amended preliminary plan, which must be reviewed in the same manner 

as a new preliminary plan application, including the payment of review fees. A substan-

tial amendment or modification is one that significantly changes the subdivision’s gen-

eral function, form, intensity, character, demand on public facilities, relationship to a 

local street network, relationship to adjacent properties, or other characteristic from 
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that indicated by the preliminary plan approval. The following are examples of substan-

tial amendments or modifications: 

a. Any substantive change in a condition of approval; 

b. An increase in the number of building lots proposed; 

c. Any substantial change in the location of or any decrease in the amount of open 

space, buffers, or area reserved for recreation use; 

d. Any substantial change in pedestrian and/or vehicular access or circulation includ-

ing street classification; 

e. Any change in the provision of services such as water supply and wastewater dis-

posal; or 

f. Any substantial change in the location of utilities or other easements. 

5. Approval Certification 
Upon approval of the final plat, the planning division director must enter the following 

certification on the approved final plat: 

I, [ i n s e r t  n ame ] , Union County Planning division director, certify that 
this plat creates a subdivision subject to and approved in accordance 
with the Union County Development Ordinance, and that it meets all 
statutory requirements for recording. I also certify that copies of all nec-
essary approvals of other state and local agencies having jurisdiction 
over the streets, utilities, and other improvements have been submitted 
to me and are on file in my office. This approval expires if not recorded 
before [ i n s e r t  d ate ] . 

6. Acceptance of Dedications 

a. Approval of a final plat does not constitute acceptance by the county or any other 

public agency of an offer of dedication of any streets, sidewalks, parks or other 

public facilities shown on a plat. However, the county or other public agency may, 

to the extent of its statutory authority, accept such offer of dedication by resolution 

of the governing body or by actually exercising control over and maintaining such 

facilities. The county may not accept an offer of dedication of any facilities or im-

provements unless and until a competent professional has certified to the county 

that such improvements or facilities have been constructed in accordance with the 

requirements of this ordinance and any other applicable county standards. This cer-

tification may be made by a county employee, authorized county representative or 

a registered professional engineer or architect retained by the developer. 

b. All facilities and improvements proposed to be dedicated to the public must be 

maintained by the property owner until the offer of dedication has been officially 

accepted by the respective public authority. In order to ensure proper maintenance 

of streets and other public improvements, a maintenance guarantee must be pro-

vided in accordance with Section 60.040. 

c. If the approved final plat includes offers of dedication and the dedication offers 

have been officially accepted, the planning division director must enter the follow-

ing certification on the approved record plat:  
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Union County hereby accepts, for the use and benefit of the general pub-
lic, the rights-of-way, easements, open spaces, and recreation areas 
shown or otherwise provided for on this plat as dedicated for public 
streets, public utilities, public recreation facilities, and other public im-
provements. This acceptance does not include the county’s acceptance of 
any responsibility to construct, install, or maintain the roadway, utility 
line, recreation facility, or other public improvement intended to be con-
structed or installed within the right-of-way, easement, open space, or 
recreation area. 

[ i n s e r t  n ame ,  t i t le  an d  d ate ]  

d. Recordation of an approved plat with the above signed certification constitutes 

public acceptance of the dedication, authorizing the use of the dedicated right-of-

way, easement, open space, or recreation area for public street access and associ-

ated public purposes, utility service, or open space or recreation use (as appropri-

ate), including the construction or installation thereon, in accordance with county 

and state regulations, of roadways, associated stormwater management improve-

ments and erosion and sedimentation control devices, utility lines and facilities, 

recreation facilities, and other public improvements appropriate to the public pur-

poses to which the right-of-way, easement, open space, or recreation area is dedi-

cated.  

7. Required Certificates and Endorsements 
In addition to the approval and dedication acceptance certificates specified in §80.080-

F5 and §80.080-F6.c, final plats must include the following additional certificates and 

endorsements in a format specified by the administrator: 

a. Certificate of Ownership and Dedication  
The property owner/developer’s certificate of property ownership and agreement 

to dedicate (as applicable). Also includes agreement to maintain areas to be dedi-

cated until offer of dedication has been accepted by the county. 

b. Certificate of Subdivision Type and Survey Accuracy  
Certification of a land surveyor of the type of land division or survey and of map ac-

curacy and method of survey. 

c. Street Construction Standards Certificate  
Certification of compliance with North Carolina Department of Transportation 

right-of-way and street construction standards or designation of streets as private 

streets that will not be accepted into the state highway system. 

d. Watershed Status Certificates 
The planning division director’s certification of whether the subdivision lies within a 

designated water supply watershed.  

8. Plat Recording 
The planning division director’s approval of any final plat is contingent on the applicant 

recording the plat with the register of deeds within 90 days of the approval date and 

submittal, to the planning division director, of an authenticated copy of the final rec-

orded plat. 
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9. Sale of Lots 
No lot proposed to be created through the major subdivision process may be sold or 

offered for sale until a final plat showing the subdivision has been approved by the plan-

ning division director and recorded with the register of deeds. 

 Subdivision Plat Vacations 

 Authority to File 

1. The owner of a subdivision may vacate a recorded plat at any time before any lot in the 

subdivision is sold. The plat is vacated when a signed, acknowledged instrument declar-

ing the plat vacated is approved by the planning division director and recorded in the 

manner prescribed for the final plat.  

2. If any lots in the subdivision covered by the recorded plat have been sold or built upon, 

the recorded plat, or any part of the plat, may be vacated upon application of all the 

owners of lots in the plat.  

 Recording 
The instrument of vacation must be recorded with the register of deeds within 15 days after 

the date of the approval of the vacation. When duly recorded, the instrument of vacation 

destroys the force and effect of the previously recorded plat that has been vacated and ex-

tinguishes any offer or dedication to any streets, improvements or public areas. 

 Master Planned Developments 

 Overview 

1. A property owner request for rezoning to the MPD zoning district requires review and 

approval of a conditional zoning map amendment (Section 80.050), which is processed 

concurrently with an MPD development plan (see §80.100-B).  

2. After approval of the conditional zoning map amendment and MPD development plan, 

MPD site plan review and approval is required in accordance with the procedures of 

§80.100-C.  

3. No building permit may be issued and no building or development may occur in a MPD 

zoning district until a subdivision plat incorporating the provisions of the approved site 

plan has been approved and filed of record in the office of the register of deeds.  

 MPD Development Plans 

1. Applicability 
Development plans are required for Master Planned Development (MPD) zoning map 

amendments.  

2. Application Filing 
Complete applications for development plan approval must be filed with the adminis-

trator concurrently with a conditional zoning map amendment application. 

3. Administrator Review 
Following receipt of a complete conditional zoning map amendment and MPD develop-

ment plan application, the administrator must review the proposed conditional zoning 

map amendment and development plan and forward the proposed conditional zoning 
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map amendment, development plan and any background reports and recommenda-

tions to the planning board for their consideration. 

4. Planning Board Review 
All proposed zoning map amendments and MPD development plans must be referred 

to the planning board for review and consideration in a public meeting. Following its 

review, the planning board must act by simple majority vote to recommend that the 

proposed conditional zoning map amendment and MPD development be approved, 

approved with modifications, or denied and transmit its written report and recommen-

dations to the Board of Commissioners.  

5. Notice of Public Hearing 
Notice of required public hearings on MPD zoning map amendments and development 

plans must be provided in accordance with the conditional zoning map amendment no-

tification requirements of §80.040-F. 

6. Board of Commissioners Public Hearing and Final Action 
Following receipt of the planning board’s report and recommendation, the Board of 

Commissioners must hold a public hearing and act, by simple majority vote, to approve 

the proposed conditional zoning map amendment and development plan, approve the 

proposed conditional zoning map amendment and development plan with modifica-

tions or deny the proposed conditional zoning map amendment and development plan. 

The Board of Commissioners may also remand the proposed conditional zoning map 

amendment and development plan back to the planning board for further consideration. 

The Board of Commissioners may take action on a proposed conditional zoning map 

amendment and development plan without a recommendation of the planning board if 

a recommendation from the planning board has not been forwarded within 45 days of 

the planning board’s meeting to consider the conditional zoning map amendment.  

7. Supplemental Review and Approval Criteria  
In making recommendations and decisions on MPD district zoning map amendments, 

review and decision-making bodies must consider the conditional zoning map amend-

ment criteria of §80.040-H and the following factors: 

a. Whether the proposed master planned development is consistent with the compre-

hensive plan and any other adopted plans for the subject area; 

b. Whether the MPD development plan complies with the MPD district provisions of 

Section 20.020; 

c. Whether the development will result in public benefits that equal to or greater than 

those that would have resulted from development under conventional zoning (non-

MPD) regulations; and 

d. Whether appropriate terms and conditions have been imposed on the approval to 

protect the interests of surrounding property owners and residents, existing and 

future residents of the MPD and the general public. 

8. Requirement for Filing of Site Plan 
A phasing plan for the filing of site plans for individual phases of the approved develop-

ment plan build-out must be approved at the time of approval of the MPD development 

plan. If applications for MPD site plan approval for individual phases of development 
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are not filed within the time required under the approved phasing plan, the approved 

MPD development plan must be reviewed and reconsidered by the planning board and 

Board of Commissioners to determine which of the following actions is warranted in 

light of surrounding land use patterns and other relevant information presented at the 

time of reconsideration by the planning board and Board of Commissioners: 

a. An extension of time for filing a site plan 

b. An amendment to the approved MPD development plan; or 

c. Rezoning to another zoning district. 

9. Amendments to Approved MPD Development Plans 

a. Minor Amendments 

(1) The planning board is authorized to approve the following as minor amend-

ments to approved development plans if the planning board determine that 

substantial compliance is maintained with the approved MPD development 

plan.  

(a) Any deviation expressly authorized as at the time of MPD development 

plan approval; 

(b) The addition of customary accessory uses and structures;  

(c) Adjustment of internal development area boundaries, provided the alloca-

tion of land to particular uses and the relationship of uses within the pro-

ject are not substantially altered; 

(d) Limitation or elimination of previously approved uses, provided the charac-

ter of the development is not substantially altered; 

(e) Modification of the internal circulation system that would not increase 

points of access from adjacent streets, change access to another street or 

increase projected traffic volumes; 

(f) Lot splits that modify a recorded plat and that have been reviewed and ap-

proved, as required by the subdivision regulations; 

(g) Modifications to approved signage, provided the size, location, number 

and type of signs is not substantially altered; 

(h) Modification to approved screening and landscaping plans, provided the 

modification is not a substantial deviation from the original approved plan; 

(i) Changes reducing the number of permitted dwelling units, the amount of 

nonresidential floor area or the area covered by buildings or paved areas; 

and 

(j) Reductions in off-street parking or loading by more than 10% or one space, 

whichever results in a greater reduction. 
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(2) Any amendment to a condition of approval imposed by the Board of Commis-

sioners must be reviewed and approved by the Board of Commissioners follow-

ing the same procedure as required for minor amendments to be considered by 

the planning board. 

(3) Notice of the planning board’s public meeting on a development plan minor 

amendment request must be provided by posting notice signs prominently on 

the subject property at least 10 days before and no more than 25 days before 

the public meeting.  

(4) If the planning board determines that the proposed MPD development plan 

amendment, if approved, will result in a significant departure from the ap-

proved development plan or otherwise significantly change the character of 

the subject area or that the cumulative effect of a number of minor amend-

ment substantially alters the approved MPD development plan, then the 

amendment must be deemed a major amendment to the MPD development 

plan and processed as a new MPD development plan following the MPD devel-

opment plan approval procedure §80.100-B, including all requirements for fees, 

notices and hearings.  

(5) An appeal from any MPD development plan minor amendment decision by the 

planning board may be taken by any person aggrieved. Appeals are made to 

the Board of Commissioners by filing notice of appeal with the administrator 

within 10 days of the date of the decision being appealed. The appeal must 

specify the grounds of the appeal. Upon filing of the notice of appeal, the plan-

ning board must transmit to the Board of Commissioners, the original or certi-

fied copies of all the papers constituting the record in the case, together with 

the decision of the planning board. The Board of Commissioners must notify 

the applicant and all interested parties, as recorded in the minutes of planning 

board, of the appeal hearing location, date and time. 

b. Major Amendments 
Any amendment to an approved MPD development plan that is not expressly au-

thorized as a minor amendment must be processed as a new MPD development 

plan following the development plan approval procedure of §80.100-B, including all 

requirements for fees, notices and hearings. 

 MPD Site Plans 

1. Applicability 
MPD site plan approval is required before the issuance of any permits for development 

or construction on any property included with the boundaries of any approved MPD de-

velopment plan.  

2. Application Filing 
Complete applications for site plan approval must be filed with the administrator. 

3. Review and Action by Land Use Administrator; Appeals 

a. Unless otherwise required by the Board of Commissioners as a condition of ap-

proval of a MPD development plan, the administrator is authorized to review and 

take action on MPD site plans. The administrator must approve the MPD site plan if 
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it complies (as applicable) with the approved MPD development plan, all conditions 

of development plan approval and all applicable regulations of this ordinance. If the 

submitted MPD site plan does not comply with the approved MPD development 

plan, any conditions imposed on that plan or applicable regulations of this ordi-

nance, the administrator must disapprove the site plan and advise the landowner in 

writing of the specific reasons for disapproval.  

b. If the administrator does not approve the site plan, the landowner may either: (1) 

resubmit the site plan to correct the plan’s inconsistencies and deficiencies, or (2) 

within 60 days of the date of notice of disapproval, appeal the decision of the ad-

ministrator by filing a notice to appeal with the administrator. If such an appeal is 

filed, the site plan must be reviewed by the planning board, following the require-

ments that apply to minor amendments of approved development plans (see 

§80.100-B9.a(3)). The planning board’s decision may be appealed, following the 

procedures of Section 80.130. 

4. Effect of Approval 
Approval of an MPD site plan must occur before any building permits are issued. Site 

plan approval, in and of itself, does not constitute effective dedication of rights-of-way 

or any other public improvements, nor will the site plan be the equivalent of or an ac-

ceptable alternative to the final platting of land prior to the issuance of building per-

mits.  

 Subdivision Plats 
No building permit may be issued and no building or development may occur in a MPD zon-

ing district until a subdivision plat incorporating the provisions of the approved develop-

ment plan has been approved and filed of record in the office of the register of deeds.  

 Issuance of Building Permits 
Building permits may be issued only after the required MPD subdivision plat is approved 

and filed of record in the office of the register of deeds. Any permits issued must be accord-

ance with the approved plat incorporating the provisions of the approved MPD develop-

ment plan. 

 Vested Rights 
If the Board of Commissioners approves an MPD zoning map amendment and development 

plan that includes a plan qualifying as a site-specific development plan under NCGS 153A-

344.1(b)(5), the Board of Commissioners is authorized, upon a written request from the 

property owner, to designate the approved plan as a site-specific development plan that 

triggers a vested right for a period of not less than 2 nor more than 5 years pursuant to 

NCGS 153A-344.1. An approved site-specific development plan must include the following 

statement: "Approval of this plan establishes a zoning vested right under NCGS 153A-344.1. 

Unless terminated at an earlier date, the vested right remains valid until [insert date]." 
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 Special Uses 

 Applicability 

1. The table of allowed uses (Table 25-1) identifies certain 

“special uses” that are allowed only if reviewed and ap-

proved in accordance with the special use procedures of 

this section. Special uses are generally those that have 

widely varying operating characteristics or potential 

land use impacts that require additional review to en-

sure that they will comply with all applicable ordinance 

regulations and approval criteria.  

2. The procedures of this section require that the board of 

adjustment hear factual evidence presented to it at an 

evidentiary hearing, and then makes findings of fact 

supported by competent, substantial, and material evi-

dence. Based on those findings, the board of adjust-

ment decides whether or not it can reach each of the 

conclusions required (See §80.110-H) to approve the 

special use. 

 Authority to File 
Applications for approval of a special use may be filed only 

by subject property owner or the subject property owner’s 

authorized agent.  

 Preapplication Meeting 
A preapplication meeting is required before filing an appli-

cation for approval of a special use. (See §80.010-D2 for additional information on preappli-

cation meetings).  

 Application Filing 
Complete applications for special use approval must be filed with the administrator. 

 Administrator Review 

1. Following receipt of a complete special use application, the administrator must cause a 

review and analysis of the application to be conducted by qualified representatives and 

other agencies or officials, as appropriate in light of the proposal and its likely impacts. 

Following this review, the administrator must forward the application and any analysis 

to the board of adjustment and all individuals required to be notified of the public hear-

ing pursuant to §80.110-E2. 

2. The board of adjustment must enter the review and analysis required by this subsection 

into evidence during the board of adjustment’s public hearing. The analysis must be 

made available for examination by all interested parties, and the administrator and 

other officials who conducted the review are subject to cross-examination regarding 

their analysis. 

 Notice of Public Hearing 
(see §80.010-F for additional information on required notices) 

Figure 80-6: Special Uses 
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a. At least 10 days before and no more than 25 days before the date of the public 

hearing, notice must be mailed to the applicant, the subject property owner, all 

owners of property that abut the subject property or are located on the opposite 

side of the street from the subject property and all persons who have submitted to 

the administrator a written request to receive notification. If the owner of the sub-

ject property also owns the property abutting the subject the property or across the 

street from the subject property, the required mail notification radius must be ex-

tended to include the nearest properties owned by individuals or entities who are 

not owners of the subject property. 

b. In addition to mailed notice, notice (signs) must be posted prominently at least 10 

days before and no more than 25 days before the required public hearing. 

 Board of Adjustment Hearing and Final Action 

1. The board of adjustment must review and application for special use approval in a pub-

lic hearing.  

2. The public hearing must be conducted in accordance with the procedures of this section 

and provisions of Section 85.030. 

3. After completion of the public hearing, the board of adjustment must take action to 

approve, approve with conditions or deny the special use application. 

4. The applicant bears the burden of presenting sufficient evidence in support of the appli-

cation to allow the board of adjustment, after weighing such evidence against that pre-

sented in opposition to the application, to make findings of fact that reasonably sup-

port each of the required conclusions. If that burden is met, the board of adjustment 

must approve the application. If that burden is not met, the board of adjustment must 

deny the application, provided that if the board of adjustment determines that specific 

minor changes or additions to, or restrictions on, the proposed development are neces-

sary and sufficient to overcome impediments to its reaching the required conclusions, it 

may approve the application subject to reasonable conditions requiring such changes or 

additions or imposing such restrictions.  

5. A motion to approve the application must state the required conclusions and include 

findings of fact on which the conclusions are based, plus any proposed conditions of 

approval. A simple majority vote of the board of adjustment is required to pass such a 

motion. If motion to approve the application fails, the application is deemed denied, 

and those members voting against the motion must state which of the required conclu-

sions they could not reach as well as findings of fact on which their inability to reach the 

conclusions is based. 

6. A motion to deny the application must state which of the required conclusions cannot 

be reached and include findings of fact on which the inability to reach the conclusions is 

based. An affirmative vote of a simple majority of board of adjustment members pre-

sent is necessary to pass a motion for denial of the application.  

 Findings and Conclusions Required for Approval 
The board of adjustment may not approve an application for a special use permit unless it 

first reaches each of the following conclusions based on findings of fact supported by com-
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petent, substantial, and material evidence presented at the public hearing. “Considera-

tions” listed below some of the required conclusions suggest some primary concerns perti-

nent to reaching the respective conclusion, but these considerations are not intended to be 

all-inclusive.  

1. The proposed use and development comply with all regulations and standards gener-

ally applicable within the zoning district and specifically applicable to the particular 

type of special use. 

2. The proposed development will not materially endanger the public health or safety. 

Considerations: 

a. Traffic conditions in the vicinity, including the effect of additional traffic on streets 

and street intersections, sight lines at street intersections and curb cuts; 

b. Provision of services and utilities, including sewer, water, electrical, garbage collec-

tions and fire protection; 

c. Soil erosion and sedimentation; and 

d. Protection of public, community, or private water supplies, including possible ad-

verse effects on surface waters or groundwater. 

3. The proposed development will not substantially injure the value of abutting property, 

or is a public necessity. Considerations: 

a. The relationship of the proposed use and the character of development to sur-

rounding uses and development, including possible conflicts between them and 

how these conflicts will be resolved; and 

b. Whether the proposed development is so necessary to the public health, safety, 

and general welfare of the county as a whole as to justify it regardless of its impact 

on the value of abutting property. 

4. The proposed development will be in harmony with the area in which it is located. Con-

siderations: 

a. The relationship of the proposed use and the character of development to sur-

rounding uses and development, including possible conflicts between them and 

how these conflicts will be resolved or mitigated. 

5. The proposed development will be in general conformity with the comprehensive plan.  

 Notice of Decision 

1. The board’s decision must be signed by the chair or other authorized board member. 

The decision becomes effective on the date it is filed with the clerk of the board of ad-

justment.  

2. The clerk of the board of adjustment must send the notice of decision to the applicant, 

the property owner and all individuals who have filed a written request with the clerk of 

the board of adjustment before the effective date of the decision. If the application is 

denied, the notice must state the board of adjustment’s reasons for its decision. This 

required notice may delivered by personal service, electronic mail or first-class mail. 
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When first-class mail is used, 3 days must be added to time required for filing any sub-

sequent appeal to the courts. 

 Scope and Effect of Approval 

1. Transferability 
Approved special use applications run with the land and are not affected by changes of 

tenancy, ownership, or management. Similarly, all conditions associated with an ap-

proved special use are perpetually binding upon the subject property and apply regard-

less of changes in ownership or tenancy, unless approved in accordance with §80.110-K.  

2. Recording 
The subject property owner must record the legal description and written authorization 

for the special use and any plans, exhibits and conditions in the office of the register of 

deeds. No building permits or other permits or approvals may be issued by the county 

until the property owner provides a signed written acknowledgment of recording. 

3. Violations 
Any violation of a condition attached to an approved special use is a violation of this 

ordinance and is subject to the same penalties and enforcement procedures as any 

other ordinance violation. 

4. Appeals 
Any decision by the board of adjustment is subject to review by the superior court by an 

action in the nature of certiorari pursuant to NCGS 160A-393. A petition for review must 

be filed within 30 days of the effective date of the decision or the date that written no-

tice of the decision is provided pursuant to §80.110-I2, whichever date is later. 

 Amendments and Modifications 
Amendments to approved special uses may be approved in accordance with the following 

requirements. The special use amendment procedures may not be used to vary or modify 

the standards or requirements of this ordinance.  

1. Minor Amendments 

a. The administrator is authorized to approve the following minor amendments to 

approved special uses: 

(1) Any amendments expressly authorized as minor amendments at the time of 

special use approval; and 

(2) changes to the development site or to structures necessitated by engineering, 

architectural or physical limitations of the site that could not have been fore-

seen at the time the special use permit was approved and that are not other-

wise classified as major amendments pursuant to §80.050-H2. 

b. Applications for minor amendments to approved special uses must be filed in a 

form established by the administrator. If no action is taken on the minor amend-

ment application within 20 days of filing of a complete application, the minor 

amendment is deemed denied.   

2. Major Amendments 

a. All of the following constitute major amendments to approved special uses: 
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(1) An increase in overall building coverage by more than 1%; 

(2) An increase in building height by more than 1% or 1 foot, whichever is less; 

(3) An increase in residential density or the number of residential units allowed; 

(4) An overall reduction in the amount of common open space or landscaping; 

(5) A reduction in off-street parking by more than 10% or one space, whichever 

results in a greater reduction; 

(6) A change in the vehicle circulation pattern that would increase points of access, 

change access to another street or increase projected traffic volumes;  

(7) Any combination of 2 or more minor amendments that were not expressly au-

thorized by the approved conditional zoning district map amendment; and 

(8) Any modification of a condition of approval imposed at the time of approval of 

the special use application. 

b. Major amendments to an approved special use must be processed as a new special 

use application, including all requirements for fees, notices and public hearings. 

 Successive Applications  

1. If the board of adjustment denies a special use permit application or the applicant with-

draws the application after the public hearing notice required in §80.110-E2, the admin-

istrator may not accept another application for the same or similar use for 12 months 

following the date of denial or withdrawal, unless the board of adjustment first ap-

proves the applicant’s request for an earlier rehearing.  

2. An application for rehearing within the 12-month period following denial of an applica-

tion, must be accompanied by an affidavit setting forth evidence that significant physi-

cal, economic or land use changes have taken place on the subject tract or within the 

immediate vicinity, or newly discovered evidence that was not available at the initial 

hearing, or a significant ordinance amendment has been adopted. 

 Lapse of Approval 

1. An approved special use lapses and becomes null and void 12 months after it is granted 

by the board of adjustment, unless a building permit for the work or improvements au-

thorized has been issued and the project is diligently pursued to completion. If no build-

ing permit is required, any improvements that are the subject of the special use must be 

in place within the 12-month period. 

2. The board of adjustment may extend the expiration period by up to 6 months, at the 

time of approval of the special use or any time before expiration of the approved special 

use. Requests for extensions after the special use is approved must be processed in ac-

cordance with the variance procedures, including applicable fees, notices and public 

hearings. 

3. An approved special use also lapses and becomes null and void upon revocation of a 

building permit for violations of conditions of approval or upon expiration of the build-

ing permit. 
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 Vested Rights 
If the board of adjustment approves a special use application that includes a plan qualifying 

as a site-specific development plan under NCGS 153A-344.1(b)(5), the board of adjustment 

is authorized, upon a written request from the property owner, to designate the approved 

plan as a site-specific development plan that triggers a vested right for a period of not less 

than 2 nor more than 5 years pursuant to NCGS 153A-344.1. An approved site-specific de-

velopment plan must include the following statement: "Approval of this plan establishes a 

zoning vested right under NCGS 153A-344.1. Unless terminated at an earlier date, the 

vested right remains valid until [insert date]." 

 Variances 

 Applicability 
A variance is a grant of relief to a property owner from strict 

compliance with the regulations of this ordinance. The in-

tent of a z0ning variance is not to simply remove an incon-

venience or financial burden that may result from compli-

ance with applicable ordinance requirements. Variances are 

intended solely to help alleviate an unnecessary hardship 

that would be caused by strict application of the subject reg-

ulations. They are intended to provide relief when the re-

quirements of this ordinance render property extremely dif-

ficult or impossible to put to reasonable use because of 

some unique or special characteristics of the property itself.  

 Authorized Variances 
The board of adjustment is authorized to grant a variance to 

any regulation in this ordinance, except that the variance 

procedures may not be used to do any of the following: 

1. Allow a use in a zoning district that is not otherwise al-

lowed in that zoning district (i.e., “use variances” are 

prohibited); 

2. Waive, vary or modify applicable minimum lot-area-per-unit (density) requirements, 

provided that this provision is not intended to prohibit variances to minimum lot area or 

width requirements for lots occupied by a single dwelling unit;  

3. Waive, modify or amend any sign regulation of Article 50; 

4. Waive, modify or amend any definition or use category; 

5. Waive, modify or otherwise vary any of the review and approval procedures of this arti-

cle; or 

6. Waive, vary, modify or otherwise override a condition of approval or requirement im-

posed by an authorized decision-making body or the state or federal government. 

 Authority to File 
Variance applications may be filed only by the subject property owner or by the property 

owner’s authorized agent. 

Figure 80-7: Variances 
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 Preapplication Meeting 
A preapplication meeting is required before filing a variance application. (See §80.010-D2 

for additional information on preapplication meetings). 

 Application Filing 
Complete applications for variances must be filed with the administrator.  

 Notice of Hearing 
(see §80.010-F for additional information on required notices) 

1. At least 10 days before and no more than 25 days before the date of the public hearing, 

notice must be mailed to the applicant, the subject property owner, all owners of prop-

erty that abut the subject property or are located on the opposite side of the street 

from the subject property and all persons who have submitted to the administrator a 

written request to receive notification. If the owner of the subject property also owns 

the property abutting the subject the property or across the street from the subject 

property, the required mail notification radius must be extended to include the nearest 

properties owned by individuals or entities who are not owners of the subject property. 

2. In addition to mailed notice, notice (signs) must be posted prominently at least 10 days 

before and no more than 25 days before the required public hearing. 

 Board of Adjustment Hearing and Final Decision 

1. The board of adjustment must review the variance application in a public hearing.  

2. The public hearing must be conducted in accordance with the procedures of this section 

and provisions of Section 85.030. 

3. After completion of the public hearing, the board of adjustment must take action to 

approve, approve with conditions or deny the variance. 

4. The applicant bears the burden of presenting sufficient evidence in support of the appli-

cation to allow the board of adjustment, after weighing such evidence against that pre-

sented in opposition to the application, to make findings of fact that reasonably sup-

port each of the required conclusions. If that burden is met, the board of adjustment 

must approve the application. If that burden is not met, the board of adjustment must 

deny the application, provided that if the board of adjustment determines that specific 

minor changes or additions to, or restrictions on, the proposed development are neces-

sary and sufficient to overcome impediments to its reaching the required conclusions, it 

may approve the application subject to reasonable conditions requiring such changes or 

additions or imposing such restrictions.  

5. A motion to approve the application must state the required conclusions and include 

findings of fact on which the conclusions are based, plus any proposed conditions of 

approval. A four-fifths majority vote is required to pass such a motion. If motion to ap-

prove the application fails, the application is deemed denied, and those members vot-

ing against the motion must state which of the required conclusions they could not 

reach as well as findings of fact on which their inability to reach the conclusions is 

based. Any motion to deny an application must also state which of the required conclu-

sions cannot be reached and include findings of fact on which the inability to reach the 

conclusions is based.  
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 Findings and Conclusions Required for Approval 
No variance may be approved by the board of adjustment unless it makes all of the follow-

ing findings:  

1. Strict application of the ordinance will result in an unnecessary hardship, but it is not 

necessary to conclude that strict application will prevent any reasonable use of the 

property;  

2.  The hardship of is unique to the subject property, rather than common to neighboring 

properties or to the general public;  

3. The hardship relates to conditions peculiar to the subject property (e.g., location, size, 

shape, topography), rather than personal circumstances of the applicant or owner of 

the subject property;  

4. The hardship is not the result of actions taken by the applicant or subject property 

owner, although the act of purchasing property knowing that a variance may be needed 

or required does not constitute a self-created hardship; and 

5. By granting the variance, the spirit of this ordinance will be observed, public safety and 

welfare will be secured, and substantial justice will be done 

 Notice of Decision 

1. The board’s decision must signed by the chair or other authorized board member. The 

decision becomes effective on the date it is filed with the county clerk.  

2. The county clerk must send the notice of decision to the applicant, the property owner 

and all individuals who have filed a written request with the county clerk before the ef-

fective date of the decision. If the application is denied, the notice must state the board 

of adjustment’s reasons for its decision. This required notice may delivered by personal 

service, electronic mail or first-class mail. When first-class mail is used, 3 days must be 

added to time required for filing any subsequent appeal to the courts. 

 Scope and Effect of Approval 

1. Transferability 
Approved variances run with the land and are not affected by changes of tenancy, own-

ership, or management. Similarly, all conditions associated with an approved variance 

are perpetually binding upon the subject property and apply regardless of changes in 

ownership or tenancy, unless approved in accordance with §80.120-L.  

2. Recording 
The subject property owner must record the legal description and written authorization 

for the variance and any plans, exhibits and conditions in the office of the register of 

deeds. No building permits or other permits or approvals may be issued by the county 

until the property owner provides a signed written acknowledgment of recording. 

3. Violations 
Any violation of a condition attached to an approved variance is a violation of this ordi-

nance and is subject to the same penalties and enforcement procedures as any other 

ordinance violation. 
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 Appeals 
Any decision by the board of adjustment is subject to review by the superior court by an ac-

tion in the nature of certiorari pursuant to NCGS 160A-393. A petition for review must be 

filed within 30 days of the effective date of the decision or the date that written notice of 

the decision is provided pursuant to §80.120-I, whichever date is later. 

 Deviations, Modifications and Amendments 

1. The administrator is authorized to approve building permits and other permits and ap-

provals that include insignificant deviations from an approved variance. A deviation is 

insignificant if the administrator determines that it has no discernible impact on neigh-

boring properties, the general public, or those intended to occupy or use the proposed 

development.  

2. The administrator is authorized to approve building permits and other permits and ap-

provals that include minor design modifications from an approved variance. Minor de-

sign modifications are those that the administrator determines will have no substantial 

impact on neighboring properties, the general public, or those intended to occupy or 

use the proposed development. 

3. All requests for changes in approved variance plans that do not constitute insignificant 

deviations or minor design modifications, as determined by the administrator, must be 

processed as new applications for a variance.  

 Successive Applications  

1. If the board of adjustment denies a special use permit application or the applicant with-

draws the application after the public hearing notice required in §80.110-E2, the admin-

istrator may not accept another application for the same or similar use for 12 months 

following the date of denial or withdrawal, unless the board of adjustment first ap-

proves the applicant’s request for an earlier rehearing.  

2. An application for rehearing within the 12-month period following denial of an applica-

tion, must be accompanied by an affidavit setting forth evidence that significant physi-

cal, economic or land use changes have taken place on the subject tract or within the 

immediate vicinity, or newly discovered evidence that was not available at the initial 

hearing, or a significant ordinance amendment has been adopted. 

 Lapse of Approval 

1. An approved variance lapses and becomes null and void 12 months after it is granted by 

the board of adjustment, unless a building permit for the work or improvements au-

thorized has been issued and the project is diligently pursued to completion. If no build-

ing permit is required, the improvement that is the subject of the variance must be in 

place within the 12-month period. 

2. The board of adjustment may extend the expiration period by up to 6 months, at the 

time of approval of the variance or any time before expiration of the approved variance. 

Requests for extensions after the variance is approved must be processed in accordance 

with the variance procedures, including applicable fees, notices and public hearings. 
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3. An approved variance also lapses and becomes null and void upon revocation of a build-

ing permit for violations of conditions of approval or upon expiration of the building 

permit. 

 Vested Rights 
No vested right is created solely as the result of the board of adjustment’s approval of a var-

iance.  

 Appeals of Administrative Decisions 

 Applicability 
The board of adjustment is authorized to hear and decide 

appeals of any final and binding order, requirement, or de-

termination made by the administrator or any other admin-

istrative official in the administration, interpretation or en-

forcement of this ordinance. 

 Right to Appeal 
Any person who has standing under NCGS 160A-393(d) or 

the county may appeal a decision to the board of adjust-

ment.  

 Filing of Appeal 

1. Complete applications for appeals of administrative de-

cisions must be filed with the county clerk and state the 

grounds for the appeal. 

2. Appeals must be filed within 30 days of the date that a 

final, binding administrative decision is delivered in 

writing by personal delivery, electronic mail, or first-

class mail to the person requesting it. When first-class 

mail is used, 3 days must be added to time required for 

filing the appeal.  

3. Any other person with standing to appeal must file an 

appeal within 30 days of receipt of actual or constructive notice of the decision. It 

will be conclusively presumed constructive notice of the decision is given when a 

sign containing the words “zoning decision” or “subdivision decision” in letters at 

least 6 inches high and identifying the means to contact an official for information 

about the decision is prominently posted on the subject property. Such sign must 

remain on the property for at least 10 days. Posting of signs is not the only form of 

constructive notice. Any sign posting is at the option of the property owner. If prop-

erty owners elect to post a sign they must provide written verification of posting to 

the administrator. 

 Effect of Filing 

1. The filing of an appeal by a person with standing to appeal stays enforcement of the 

action appealed from unless the official who made the decision certifies to the board of 

adjustment, after notice of appeal has been filed, that because of the facts stated in an 

affidavit, a stay would cause imminent peril to life or property or because the violation 

Figure 80-8: Appeals of  
Administrative Decisions 
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is transitory in nature, a stay would seriously interfere with enforcement of this ordi-

nance. In that case, enforcement proceedings may not be stayed except by a restrain-

ing order, which may be granted by a court.  

2. If enforcement proceedings are not stayed, the appellant may file with the official a re-

quest for an expedited hearing of the appeal, and the board of adjustment must meet 

to hear the appeal within 15 days after such a request is filed. Notwithstanding the fore-

going, appeals of decisions granting a permit or otherwise affirming that a proposed 

use of property is consistent with this ordinance does not stay the further review of an 

application for permits or permissions to use such property; in these situations the ap-

pellant may request and the board of adjustment may grant a stay of a final decision of 

permit applications or building permits affected by the issue being appealed.  

3. An appeal does not stop action lawfully approved (including construction activities au-

thorized by a building permit); only actions presumed in violation of this ordinance are 

stayed. 

 Action by Administrative Official 
The official who made the decision being appealed must transmit to the board of ad-

justment all documents and exhibits constituting the record upon which the action ap-

pealed from is taken. The official must also provide a copy of the record to the appel-

lant and to the subject property owner if the appellant is not the owner. The official 

who made the decision must be present at the hearing as a witness. 

 Notice of Hearing 
(see §80.010-F for additional information on required notices) 

1. At least 10 days before and no more than 25 days before the date of the public hearing, 

notice must be mailed to the appellant, the subject property owner, all owners of prop-

erty that abut the subject property or are located on the opposite side of the street 

from the subject property and all persons who have submitted to the administrator a 

written request to receive notification. If the owner of the subject property also owns 

the property abutting the subject the property or across the street from the subject 

property, the required mail notification radius must be extended to include the nearest 

properties owned by individuals or entities who are not owners of the subject property. 

2. In addition to mailed notice, notice (signs) must be posted prominently at least 10 days 

before and no more than 25 days before the required public hearing. 

 Board of Adjustment Hearing and Final Decision 

1. The board of adjustment must hold a public hearing on the appeal.  

2. The public hearing must be conducted in accordance with the procedures of this section 

and provisions of Section 85.030. 

3. The board of adjustment may reverse or affirm, wholly or partly, and may modify the 

decision appealed from and make any order, requirement, decision, or determination 

that ought to be made. In acting on an appeal, the board of adjustment has all the pow-

ers of the official who made the decision.  
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4. The board of adjustment must determine contested facts and make its decision within 

a reasonable time. Every decision must be based upon competent, material, and sub-

stantial evidence in the record. Each decision must be made writing and reflect the 

board of adjustment’s determination of contested facts and their application to the ap-

plicable standards. 

5. A motion to reverse, affirm or modify the order, requirement, decision, or determina-

tion appealed from must include, insofar as practicable, a statement of the specific rea-

sons or findings of fact that support the motion. 

6. If a motion to reverse or modify is not made, or fails to receive approval by a simple ma-

jority vote of the members, then the appeal must be denied. For the purposes of this 

subsection, vacant positions on the board of adjustment and members who are disqual-

ified from voting on a quasi-judicial matter are not considered members of the board of 

adjustment for calculation of the requisite simple majority if there are no qualified alter-

nates available to take the place of the regular members. The seats of members who 

are merely absent or who do not vote are counted in the calculation of a majority. 

 Notice of Decision 

1. The board of adjustment’s decision must signed by the chair or other authorized board 

member. The decision becomes effective on the date it is filed with the county clerk.  

2. The county clerk must send the notice of decision to the appellant, the property owner 

and all individuals who have filed a written request with the county clerk before the ef-

fective date of the decision. This required notice may delivered by personal service, 

electronic mail or first-class mail. When first-class mail is used, 3 days must be added to 

time required for filing any subsequent appeal to the courts. 

 Appeals 
Any decision by the board of adjustment is subject to review by the superior court by an ac-

tion in the nature of certiorari pursuant to NCGS 160A-393. A petition for review must be 

filed within 30 days of the effective date of the decision or the date that written notice of 

the decision is provided pursuant to §80.120-I, whichever date is later. 
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 Board of Commissioners  

 Powers and Duties  
The Board of Commissioners is responsible for performing those duties expressly identified 

in this or any other county ordinance and for acting on all applications before it. In addition, 

the Board of Commissioners is responsible for: 

1. Making appointments to the planning board and board of adjustment; 

2. Assigning tasks to the administrator or the planning department staff; 

3. Creating planning and land-use related study committees and appointing persons to 

such committees; and 

4. Referring matters to the planning board and planning department for study. 

 Planning Board  

 Appointments and Terms 

1. The Board of Commissioners has created a planning board pursuant to NCGS 153A-321. 

2. The planning board must consist of 7 regular members and 2 alternates, all appointed 

at large by the Board of Commissioners. All regular and alternate members must reside 

in Union County, and no more than 2 members may reside in the same municipality. 

3. All regular and alternate members must be appointed for 3-year terms, which must be 

staggered so that all terms will not expire simultaneously. A member may be appointed 

for a second successive term, but after 2 consecutive terms a member is ineligible for 

reappointment until one calendar year has elapsed from the date of completion of the 

second term. 

4. In cases where an individual is appointed to serve the unexpired portion of a board 

member’s term, the appointment must be limited to the remainder of the unexpired 

term. That period does not count as a regular term for that member. 

5. Regular planning board members may be removed by simple majority vote of the plan-

ning board at any time for failure to attend 3 consecutive meetings or for failure to at-

tend 30% or more of the meetings within any 12-month period or for any other good 

cause related to performance of duties. Alternate members may be removed for re-

peated failure to attend or participate in meetings when requested to do so in accord-

ance with regularly established procedures. Upon request of any member considered 

for removal, the Board of Commissioners must hold a hearing on removal before it be-

comes effective.  
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6. If a regular or alternate planning board member moves outside the county, that mem-

ber will be deemed to have resigned from the planning board. 

7. Alternates may sit in lieu of any regular member and, when so seated, have the same 

powers and duties as any regular planning board member. Alternate members are au-

thorized to vote only in the absence of a regular member. 

 Meetings 

1. The planning board must establish a regular meeting schedule to ensure expeditious 

review of matters within its jurisdiction. 

2. The planning board must conduct its meetings so as to obtain necessary information 

and promote the full and free exchange of ideas.  

3. Minutes must be kept of all planning board proceedings. 

4. All planning board meetings must be open to the public, and whenever feasible the 

agenda for each meeting must be made available to the public before the meeting.  

 Quorum and Voting  

1. A quorum of the planning board is necessary for the planning board to take official ac-

tion. 

2. A quorum of the planning board consists of 4 members (which may include alternate 

members sitting in lieu of regular members).  

3. A member who has withdrawn from the meeting without being excused in accordance 

with §85.020-C5 or §85.020-C6 must be counted as present for purposes of determining 

whether a quorum is present.  

4. Once a planning board member is physically present at a planning board meeting, any 

subsequent failure to vote will be recorded as an affirmative vote unless the planning 

board member has been excused from voting in accordance with §85.020-C5 or has 

been allowed to withdraw from the meeting in accordance with §85.020-C6. 

5. A planning board member may be excused from voting on a particular issue by simple 

majority vote of the remaining members present under the following circumstances: 

a. If the outcome of the matter being considered is reasonably likely to have a direct, 

substantial, and readily identifiable financial impact on the subject board member; 

b. If the matter at issue involves the planning board member’s own official conduct; or 

c. If a planning board member has such close personal ties to the applicant that the 

member cannot reasonably be expected to exercise sound judgment in the public 

interest. 

6. A planning board member may be allowed to withdraw from the remainder of a meet-

ing by simple majority vote of the remaining members present for any good and suffi-

cient reason other than the planning board member’s desire to avoid voting on matters 

to be considered at that meeting. 
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7. A motion to allow a member to be excused from voting on a matter or to withdraw 

from the remainder of a meeting is in order only if made by or at the initiative of the 

subject board member. 

8. A roll call vote must be taken upon the request of any planning board member. 

 Officers  

1. Each year during the first meeting at which newly appointed members are seated, the 

planning board must elect a regular member to serve as the chair to preside over plan-

ning board meetings and another regular member to serve as vice-chair. The individuals 

elected to these positions must serve in these capacities until new officers are elected 

the following year. At the first meeting before the election of a chair, the planning divi-

sion director must temporarily preside over the meeting until the chair is elected. 

2. Vacancies in either the chair or vice chair positions must be filled for the remainder of 

the unexpired term. If an officer voluntarily resigns before or during a planning board 

meeting, a new officer election must be held during the next regularly scheduled plan-

ning board meeting in accordance with §85.020-D1. 

3. All regular and alternate members of the planning board may nominate and vote for 

officer candidates, but only regular board members may be nominated and elected. 

4. The planning board chair and vice chair may take part in all deliberations and vote on all 

issues. 

 Powers and Duties 
The planning board is responsible for performing those duties expressly identified in this 

ordinance or assigned by the Board of Commissioners and for acting on all applications be-

fore it. In addition, the planning board is authorized to: 

1. Make studies and recommend to the Board of Commissioners plans, goals and objec-

tives relating to the growth, development and redevelopment of the county; 

2. Develop and recommend to the Board of Commissioners policies, ordinances, adminis-

trative procedures and other means for carrying out plans in a coordinated and efficient 

manner; and 

3. Adopt rules and regulations governing its procedures and operations not inconsistent 

with the provisions of this ordinance.  

 Advisory Committees 

1. The Board of Commissioners is authorized to appoint one or more individuals to assist 

the planning board in carrying out its responsibilities with respect to a particular subject 

area. By way of illustration, without limitation, the Board of Commissioners may ap-

point advisory committees to consider the transportation plan, housing plans, eco-

nomic development plans, etc. 

2. Members of advisory committees may sit as nonvoting members of the planning board 

when such issues are being considered and lend their talents, energies, and expertise to 

the planning board. However, formal recommendations to the Board of Commissioners 

must be made by the planning board.  
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3. The planning board may appoint standing or ad hoc subcommittees of its own mem-

bers to consider particular issues or types of issues and may also appoint ad hoc advi-

sory committees consisting of non-planning board members to assist it in its work.  

 Board of Adjustment  

 Appointments and Terms 

1. The Board of Commissioners has created a board of adjustment pursuant to NCGS 

153A-345. 

2. The board of adjustment must consist of 5 regular members and 2 alternates, all ap-

pointed at large by the Board of Commissioners. All regular and alternate members 

must reside in Union County, and no more than 2 members may reside in the same mu-

nicipality. 

3. All regular and alternate members must be appointed for 3-year terms, which must be 

staggered so that all terms will not expire simultaneously. A member may be appointed 

for a second successive term, but after 2 consecutive terms a member is ineligible for 

reappointment until one calendar year has elapsed from the date of completion of the 

second term. 

4. In cases where an individual is appointed to serve the unexpired portion of a board 

member’s term, the appointment must be limited to the remainder of the unexpired 

term. That period does not count as a regular term for that member. 

5. Regular board of adjustment members may be removed by simple majority vote of the 

Board of Commissioners at any time for failure to attend 3 consecutive meetings or for 

failure to attend 30% or more of the meetings within any 12-month period or for any 

other good cause related to performance of duties. Alternate members may be re-

moved for repeated failure to attend or participate in meetings when requested to do 

so in accordance with regularly established procedures. Upon request of any member 

considered for removal, the Board of Commissioners must hold a hearing on removal 

before it becomes effective.  

6. If a regular or alternate board of adjustment member moves outside the county, that 

member will be deemed to have resigned from the planning board. 

7. Alternates may sit in lieu of any regular member and, when so seated, have the same 

powers and duties as any regular board of adjustment member. Alternate members are 

authorized to vote only in the absence of a regular member. 

8. Within one year of appointment, each new regular and alternate member of the board 

of adjustment must undergo training pursuant to a course of study approved by the 

planning division director. Failure to attend such training constitutes grounds for re-

moval for cause pursuant to §85.030-A5. 

 Meetings  

1. The board of adjustment must establish a regular meeting schedule to ensure expedi-

tious consideration of matters within its jurisdiction. 

2. The board of adjustment must conduct its hearings in accordance with the quasi-judi-

cial procedures of §85.030-F.  
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3. All board of adjustment meetings must be open to the public, and whenever feasible 

the agenda for each meeting must be made available to the public before the meeting.  

 Quorum and Voting 

1. A quorum of the board of adjustment is necessary for the board of adjustment to take 

official action.  

2. A quorum of the board of adjustment consists of 3 members (which may include alter-

nate members sitting in lieu of regular members).  

3. Unless otherwise expressly stated in this ordinance, once a member is physically pre-

sent at a meeting, they must be considered present for purposes of determining 

whether a quorum exists unless the member is unable to vote for the reasons stated in 

§85.030-C5 or they have been allowed to withdraw from the meeting in accordance 

with §85.030-C6. 

4. Once a member is physically present at a board meeting, any subsequent failure to vote 

must be recorded as an affirmative vote unless the member is unable to vote for the 

reasons stated in §85.030-C5 or they have been allowed to withdraw from the meeting 

in accordance with §85.030-C6. 

5. Members must recuse themselves and not participate in or vote on any quasi-judicial 

matter in a manner that would violate affected persons’ constitutional rights to an im-

partial decision-maker. Impermissible conflicts include, but are not limited to, a mem-

ber having a fixed opinion before hearing the matter that is not susceptible to change, 

undisclosed ex parte communications, a close familial, business, or other associational 

relationship with an affected person, or a financial interest in the outcome of a matter. 

If an objection is raised about a member’s participation and that member does request 

recusal, the remaining members must rule on the objection by simple majority vote. 

6. A board of adjustment member may be allowed to withdraw from the remainder of a 

meeting by simple majority vote of the remaining members present for any good and 

sufficient reason other than the board of adjustment member’s desire to avoid voting 

on matters to be considered at that meeting or the impermissible conflicts described 

§85.030-C5. 

7. A roll call vote must be taken upon the request of any board of adjustment member. 

 Officers  

1. Each year during the first meeting at which newly appointed members are seated, the 

board of adjustment must elect a regular member to serve as the chair to preside over 

planning board meetings and another regular member to serve as vice-chair. The indi-

viduals elected to these positions must serve in these capacities until new officers are 

elected the following year. At the first meeting before the election of a chair, the board 

of adjustment’s attorney must temporarily preside over the meeting until the chair is 

elected. 

2. Vacancies in either the chair or vice chair positions must be filled for the remainder of 

the unexpired term. If an officer voluntarily resigns before or during a board of adjust-

ment meeting, a new officer election must be held during the next regularly scheduled 

board of adjustment meeting in accordance with §85.030-D1. 
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3. All regular and alternate members of the board of adjustment may nominate and vote 

for officer candidates, but only regular board members may be nominated and elected. 

4. The board of adjustment chair and vice chair may take part in all deliberations and vote 

on all issues.  

 Powers and Duties 
The board of adjustment is responsible for performing those duties expressly identified in 

this or any other county ordinance and for acting on all applications before it. In addition, 

the board of adjustment is authorized to adopt rules and regulations governing its proce-

dures and operations not inconsistent with the provisions of this ordinance. 

 Quasi-Judicial Role 

1. The board of adjustment acts in a quasi-judicial capacity. However, it is not intended 

that its proceedings be conducted as formally as those before the courts. 

2. The chair of the board of adjustment, any member temporarily acting as chair or the 

clerk of the board of adjustment must administer oaths to all witnesses and make rul-

ings necessary to preserve fairness, order, or proper decorum in any matter before the 

board of adjustment.  

3. Any member of the board of adjustment or any interested party may object to, and the 

chair may exclude, any evidence, testimony, or statement that is deemed incompetent, 

irrelevant, immaterial, or unduly repetitious and therefore fails to reasonably address 

the issues before the board of adjustment. 

4. All interested parties have a right to know all the evidence being considered as part of 

the board of adjustment’s decision. Hence, the board of adjustment may consider only 

evidence presented at the evidentiary hearing on the application, and it is improper for 

the applicant or any other interested party to communicate with board of adjustment 

members about the application outside of the public hearing. 

5. Decisions of the board of adjustment must be based solely on evidence that is properly 

in the hearing record, and written findings of fact must be prepared and supported by 

competent, substantial and material evidence. 

6. Written decisions of the board of adjustment must be signed by the chair or other duly 

authorized member. The decision must be delivered to the applicant, the property 

owner, and any other person who before the effective date of the decision submitted a 

written request for a copy of the decision. Decisions may be delivered by personal deliv-

ery, electronic mail or first-class mail.  

7. Board of adjustment decisions become effective on the date the decision is filed with 

the administrator.  

 Evidence and Testimony 

1. Interested Parties 

a. Any interested party may present evidence or testimony, cross-examine witnesses, 

inspect documents, and offer evidence or testimony in explanation or rebuttal. 

b. Any member of the board of adjustment may question any interested party. 
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c. Persons other than interested parties may make competent, relevant, and material 

comments. 

2. Subpoenas 

a. The board of adjustment may subpoena witnesses and compel the production of 

evidence. Persons with standing under NCGS 160A-939 (d), may request a sub-

poena by making a written request to the chair explaining why it is necessary for 

certain witnesses or evidence to be compelled. The chair must issue requested sub-

poenas in those cases where testimony or evidence is deemed to be relevant, rea-

sonable in nature and scope, and not oppressive. 

b. The chair is authorized to rule on any motion to quash or modify a subpoena. Deci-

sions regarding subpoenas made by the chair may be appealed to the full board of 

adjustment. 

c. If a person fails or refuses to obey a subpoena issued pursuant to this subsection, 

the board of adjustment or other party requesting the subpoena may apply to the 

general court of justice for an order requiring that its order be obeyed, and the 

court will have jurisdiction to issue those orders after notice to all proper parties. 

d. No testimony of any witness before the board of adjustment, pursuant to a sub-

poena issued in exercise of the power conferred by this subsection, may be used 

against the witness in any civil or criminal action, other than a prosecution for false 

testimony committed on the examination. 

e. Anyone who, while under oath during a proceeding before the board of adjust-

ment, willfully offers false testimony, is guilty of a class 1 misdemeanor. 

 Executive Director, Planning Division Director and Administrator 

 Executive Director 
The executive director is the administrative head of the county’s growth management ser-

vice area, with management and oversight responsibility for the planning and building code 

enforcement divisions.  

 Planning Division Director 
The planning division director is the administrative head of the planning division. In addition 

to management and administrative duties, the planning division director is responsible for 

performing those duties expressly identified in this or any other county ordinance. 

 Administrator 
Primary responsibility for administering and enforcing this ordinance may be assigned to 

one or more individuals by the planning division director. The person to whom these func-

tions are assigned is referred to in this ordinance as the "administrator." The administrator 

is responsible for performing those duties expressly identified in this or any other county 

ordinance and for performing any other duties associates with administration and enforce-

ment of this ordinance that are expressly assigned to others. 

 Technical Review Committee 

 Establishment 
A technical review committee is hereby established. 
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 Composition 
The technical review committee is composed of multiple county departments and non-

county agencies working together to review and make decisions on development-related 

matters as a single review decision-making body.  

 Powers and Duties 
The technical review committee is responsible for performing those duties expressly identi-

fied in this or any other county ordinance and for acting on all applications before it. 
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 General 

 Scope 
The regulations of this article govern nonconformities, which are lots, uses, and structures 

that were lawfully established but—because of the adoption of new or amended regula-

tions—no longer comply with one or more requirements of this ordinance.  

 Intent 

1. Occasionally, lots, uses, and structures that were lawfully established (i.e., in compli-

ance with all regulations in effect at the time of their establishment) have been made 

nonconforming because of changes in the regulations that apply to the subject prop-

erty (e.g., through zoning map amendments or amendments to the text of this ordi-

nance). The regulations of this article are intended to clarify the effect of such noncon-

forming status and avoid confusion with “illegal” buildings and uses (those established 

in violation of applicable regulations). The regulations of this article are also intended 

to: 

a. Recognize the interests of landowners in continuing to use their property for uses 

and activities that were lawfully established; 

b. Promote maintenance, reuse and rehabilitation of existing buildings; and 

c. Place reasonable limits on nonconformities that have the potential to adversely 

affect surrounding properties. 

2. The regulations recognize that buildings and structures have a long useful life and al-

lowing their continued occupancy and modernization can be more desirable than re-

quiring them to remain vacant if they cannot be converted to conforming uses.  

 Authority to Continue 
Any nonconformity that existed on the ordinance effective date specified in Section 1.030 

or any situation that becomes nonconforming upon adoption of any amendment to this or-

dinance may be continued in accordance with the regulations of this article unless other-

wise expressly stated. However, unless otherwise expressly stated in this ordinance, no per-

son may engage in any activity that causes an increase in the extent of any nonconforming 

situation. 

 Determination of Nonconformity Status 

1. The burden of proving that a nonconformity exists (as opposed to a violation of this or-

dinance) rests entirely with the subject owner.  
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2. The administrator is authorized to determine whether adequate proof of nonconform-

ing status has been provided by the subject owner.  

3. Building permits, lawfully recorded plats, aerial photography owned by the county and 

other official government records that indicate lawful establishment of the use, lot or 

structure constitute conclusive evidence of nonconforming status. If such forms of con-

clusive evidence are not available, the administrator is authorized to consider whether 

other forms of evidence provided by the applicant are reliable and adequate to docu-

ment nonconforming status. Common examples of evidence that may be determined 

to be reliable and adequate include:  

a. Professional registrations or licenses;  

b. Utility billing records;  

c. Leasing records; 

d. Advertisements in dated publications;  

e. Listings in telephone or business directories; and  

f. Notarized affidavits affirming the date of lawful establishment of the use, lot or 

structure. 

4. The administrator’s determination of nonconforming status may be appealed in ac-

cordance with Section 80.130. 

 Repairs and Maintenance 

1. Nonconformities must be maintained to be safe and in good repair. 

2. Repairs and normal maintenance necessary to keep a nonconformity in sound condition 

are encouraged and permitted unless the work increases the extent of the nonconform-

ity or is otherwise expressly prohibited by this ordinance. 

3. Nothing in this article is intended to prevent nonconformities from being structurally 

strengthened or restored to a safe condition in accordance with an order from a duly 

authorized order of a public official. 

 Change of Tenancy or Ownership 
Nonconforming status runs with the land and is not affected by changes of tenancy, owner-

ship, or management. 

 Nonconforming Lots 

 Description 
A nonconforming lot is a lot that was lawfully created in accordance with lot area and lot 

width regulations in effect at the time of the lot’s establishment but that does not comply 

with currently applicable lot area or lot width regulations.  

 Use of Nonconforming Lots 

1. R Districts 
A nonconforming lot in an R district may be used as a building site for a single detached 

house without complying with the district’s minimum lot area and lot width require-

ments.  
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2. All Other Districts 
In all other (non-R) zoning districts, a nonconforming lot may be used as a building site 

and developed with a use allowed in the subject zoning district without complying with 

the district’s minimum lot area and lot width requirements. If the zoning allows a vari-

ety of uses or a variety of intensities of uses and one or more uses or intensities would 

comply with applicable lot area and lot width regulations, while others would not, then 

only the uses or intensities that comply with applicable regulations are allowed. 

 Lot and Building Regulations 

1. Development on all nonconforming lots must comply with applicable lot and building 

regulations of the subject zoning district except as expressly stated in §90.020-B. 

2. Nonconforming lots may not be adjusted in size or shape to increase the extent of non-

conformity for lot area, lot frontage, setbacks or other applicable lot and building regu-

lations. Lot area or shape adjustments that decrease the extent of nonconformity are 

allowed. 

 Effect of Public Acquisition 
If a portion of a lawfully established lot is acquired by a public agency, the remainder of the 

lot is deemed to be a conforming lot. 

 Nonconforming Structures 

 Description 
A nonconforming structure is any building or structure, other than a sign, that was lawfully 

established but no longer complies with the lot and building regulations of the zoning dis-

trict in which it is located.  

 General 
Nonconforming structures may remain, subject to the regulations of this section. 

 Alterations and Expansions 
Alterations, including enlargements and expansions, are permitted if the proposed altera-

tion or expansion complies with all applicable lot and building regulations, and does not in-

crease the extent of nonconformity. A building with a nonconforming street setback, for 

example, may be expanded to the rear as long as the rear expansion complies with applica-

ble rear setback regulations and all other applicable lot and building regulations.  

 Use 
A nonconforming structure may be used for any use allowed in the zoning district in which 

the structure is located. 

 Moving 
A nonconforming structure may be moved in whole or in part to another location only if the 

movement or relocation eliminates or reduces the extent of nonconformity. A nonconform-

ing structure may be moved to another lot only if the structure would comply with the zon-

ing regulations that apply to that (relocation) lot. This provision is not intended to prohibit 

elevation of a nonconforming structure for the purpose of floodproofing or repair. 

 Loss of Nonconforming Status 

1. When a nonconforming structure is destroyed or damaged by acts of God or accidental 

fire, the structure may be restored or repaired, provided that no new nonconformities 
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are created and that the existing extent of nonconformity is not increased. A building 

permit to reconstruct a destroyed or damaged structure must be obtained within 12 

months of the date of occurrence of such damage. 

2. When a nonconforming structure is demolished, damaged or destroyed by causes 

within the control of the owner and the cost of renovation, repair or replacement 

(based on the fair market value of all materials and services) is more than 50% of the 

appraised valuation of the structure (at the time of the most recent property tax valua-

tion or the valuation determined by the property owner’s professionally recognized ap-

praiser), the structure may not be reestablished except in compliance with all regula-

tions applicable to the zoning district in which it is located. 

 Nonconforming Uses 

 Description 
A nonconforming use is a principal use that was lawfully established in accordance with all 

regulations in effect at the time of its establishment but that is no longer allowed by the use 

regulations of the zoning district in which the use is now located. Lawfully established uses 

that do not comply with any applicable separation (or spacing) distance requirements (e.g., 

those that require one land use to be located a certain minimum distance from another land 

use) are also deemed nonconforming uses. 

 Change of Use 
A nonconforming use may be changed to any other use that is allowed in the subject zoning 

district, subject to compliance with all other applicable regulations. Once changed to a con-

forming use, a nonconforming use may not be re-established. 

 Enlargements and Expansions 
A nonconforming use that is located within a completely enclosed building may be ex-

panded into any other portion of that building if, when the use was made nonconforming, 

the building was manifestly designed or arranged to accommodate that particular use. All 

other enlargements and expansions of a nonconforming use are prohibited. 

 Remodeling and Improvements 
A building in which a nonconforming use is located may be remodeled or otherwise im-

proved as long as the remodeling or improvements do not violate the other regulations of 

this article. 

 Moving 
A nonconforming use may be moved in whole or in part to another location on the same lot 

only if the movement or relocation does not increase the extent of the nonconformity.  

 Loss of Nonconforming Status 

1. Abandonment 

a. Once a nonconforming use is abandoned, its nonconforming status is lost and any 

new, replacement use must comply with the regulations of the zoning district in 

which it is located.  

b. A nonconforming use is presumed abandoned when the use is discontinued or 

ceases for a continuous period of 6 months or more. 
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c. Any period of discontinuance caused by acts of God or accidental fire is not 

counted in calculating the length of discontinuance. 

d. For purposes of determining whether a right to continue a nonconforming situation 

is lost pursuant to this section, all of the uses, activities and operations maintained 

on the lot are generally to be considered as a whole. For example, the failure to rent 

one unit in a nonconforming multi-unit residential building for an extended period 

does not result in a loss of the right to rent that apartment or space after 6 months, 

as long as the building as a whole is continuously maintained and used.  

2. Damage or Destruction 

a. When a building containing a nonconforming use is destroyed or damaged by acts 

of God or accidental fire, the building may be restored or repaired and the noncon-

forming use may be re-established, provided that no new nonconformities are cre-

ated and that the existing extent of nonconformity is not increased. A building per-

mit to reconstruct a destroyed or damaged structure must be obtained within 12 

months of the date of occurrence of such damage.  

b. When a building containing a nonconforming use is demolished, damaged or de-

stroyed by causes within the control of the owner and the extent of demolition, 

damage or destruction is more than 50% of the market value of the structure, as 

determined by the property owner’s certified appraiser, the nonconforming use 

may not be reestablished except in compliance with all regulations applicable to 

the zoning district in which it is located. 

 Accessory Uses 
No use that is accessory to a principal nonconforming use may continue after the principal 

nonconforming use has been abandoned. 

 Nonconforming Development Features 

 Description 
A nonconforming development feature is any aspect of a development—other than a non-

conforming lot, nonconforming use, nonconforming structure or nonconforming sign—that 

was lawfully established, in accordance with all land use and development regulations in 

effect at the time of its establishment but that no longer complies with one or more regula-

tions of this ordinance. Common examples of nonconforming development features are 

lawfully established off-street parking areas that contain fewer spaces than required by this 

ordinance and lawfully developed sites that do not comply with this ordinance’s landscap-

ing and screening requirements. 

 General 
Unless otherwise expressly stated in this ordinance, nonconforming development features 

may remain, but the nature and extent of nonconforming development features may not be 

increased, except as otherwise expressly stated in this ordinance. 

 Nonconforming Signs 
Nonconforming signs are addressed in Section 50.080. 
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 Enforcement Procedures .................................................................................... 95-3 

 

 General 
The provisions of this article apply to all matters covered in this ordinance, except as expressly and more 

specifically stated in another section of this ordinance. 

 Responsibility for Enforcement 
The administrator and county attorney are responsible for enforcing this ordinance. 

 Responsibility for Violations 
The following persons may be jointly and severally responsible for violations of this ordi-

nance and are subject to penalties and enforcement actions: 

1. Any owner of property on which a violation of this ordinance occurs;  

2. Any architect, engineer, builder, contractor, agent, or any other person who partici-

pates in, assists, directs, creates, or maintains a situation that constitutes a violation of 

this ordinance; and 

3. Any tenant or occupant who has control over, or responsibility for, its use or develop-

ment. 

 Violations 
Unless otherwise expressly exempted or stated in this ordinance, it is a violation of this ordi-

nance to do any of the following: 

1. Use land or buildings inconsistent with the requirements of this ordinance; 

2. Erect a building or structure inconsistent with the requirements of this ordinance; 

3. Develop or subdivide land inconsistent with the regulations of this ordinance; 

4. Subdivide, transfer or sell land by reference to a subdivision plat unless the subdivision 

has been determined to be exempt in accordance with Section 80.060 or has been ap-

proved and recorded in accordance with Section 80.070 or Section 80.080 (the descrip-

tion of metes and bounds in the instrument of transfer or other document used in the 

process of selling or transferring land does not exempt the transaction from this ordi-

nance); 

5. Record a plat of any subdivision unless the plat has been approved in accordance with 

the applicable procedures of Article 80; 

6. Install or use a sign inconsistent with the requirements of Section 80.070 or Section 

80.080; 

7. Engage in the use of a building or land, the use or installation of a sign, the subdivision 

or development of land or any other activity requiring one or more permits or approvals 

under this ordinance without obtaining all required permits or approvals; 
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8. Engage in the use of a building or land, the use or installation of a sign, the subdivision 

or development of land or any other activity requiring one or more permits under this 

ordinance in any way inconsistent with any such permit or approval or any conditions 

imposed thereon; 

9. Violate the terms of any permit or approval granted under this ordinance or any condi-

tion imposed on such permit or approval; 

10. Obscure, obstruct or destroy any notice required to be posted or otherwise given under 

this ordinance; 

11. Violate any lawful order issued under this ordinance; or 

12. Continue any violation of this ordinance. 

 Penalties, Remedies and Enforcement Powers 
The county may use the following remedies and penalties to prevent, correct, or abate a violation of this or-

dinance. These remedies and penalties are not mutually exclusive. 

 Permit Denial 
If a violation of this ordinance remains uncorrected, the administrator may deny or withhold 

approval of any permit provided for in this ordinance that is sought for the property on 

which the violation exists. 

 Permit Revocation 
The administrator may revoke any permit issued under this ordinance for failure to comply 

with the provisions of this ordinance or the terms and conditions of a permit or authoriza-

tion granted under this ordinance.  

 Fines and Civil Penalties 

1. Violations of the provisions of this ordinance or failure to comply with any of its require-

ments, including violations of any conditions of approval, constitute a misdemeanor, 

punishable by a fine of up to $500 or a maximum 30 days imprisonment as provided in 

NCGS 14-4. 

2. Any act constituting a violation of the provisions of this ordinance or a failure to comply 

with any of its requirements, including violations of any conditions of approval, are sub-

ject to the following penalties: 

a. Warning Citation –Violation Must be Corrected Within 10 days 

b. First Citation – Fine of $50.00 

c. Second Citation – Fine of $200.00 

d. Third and Subsequent Citations For Same Offense – Fine of $500.00 

3. Each day’s continuing violation is a separate and distinct offense. 

4. If the offender fails to pay the required fine within 10 days after being cited for a viola-

tion, the penalty may be recovered by the county in a civil action in the nature of debt. 

A civil penalty may not be appealed to the board of adjustment if the violator was sent 

a final notice of violation in accordance with §95.030-B2 and did not take an appeal to 

the board of adjustment within the prescribed time. 
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 Criminal Penalty 
Violation of this ordinance is punishable with criminal penalties, as set forth in NCGS 14-4. 

 Injunction and Abatement Order 
The county may institute a civil action for mandatory and prohibitory injunctions and order 

of abatement commanding the violator to correct or cease a violation of this ordinance. 

Pursuant to NCGS 153A-123, if the violator fails to comply with a court order and the county 

abates the violation, then the county is authorized to place a lien on the property on which 

the violation occurred in order to cover the county’s costs of abatement. 

 Forfeiture and Confiscation of Signs 
Any illegal sign installed or placed on public property will be subject to forfeiture to the pub-

lic and confiscation. In addition to other remedies and penalties of this section, the county 

has the right to recover from the sign owner, or person who placed the sign, the full costs of 

sign removal and disposal. 

 Other Equitable Relief 
In addition to the above remedies and penalties, the county may institute any other appro-

priate equitable action or proceeding in a court of competent jurisdiction to prevent, cor-

rect, or abate a violation of this ordinance. 

 Enforcement Procedures 

 Investigation 
Upon receipt of a written complaint, the administrator must investigate the complaint and 

determine whether a violation exists. 

 Written Notice 

1. If the administrator finds that any provision of this ordinance is being violated, the ad-

ministrator must notify the responsible parties in person or by certified mail, return re-

ceipt requested. If the certified notice is returned, refused or unclaimed, then first-class 

mail to the same address will be deemed proper notice. The notice must describe the 

nature of the violation and state the actions necessary to correct the violation. Addi-

tional written notices may be sent at the administrator's discretion.  

2. The final written notice (which may be the initial written notice) must state what action 

the administrator intends to take if the violation is not corrected and indicate that the 

administrator's decision or order may be appealed to the board of adjustment in ac-

cordance with Section 80.130. If the appeal is not filed within the time limit specified in 

Section 80.130, then appeal rights are waived. 

 Extension of Time Limit to Correct Violation 
The recipient of a notice of violation, or the owner of the property on which the violation 

exists, may submit to the administrator a written request for a time extension to come into 

compliance. On determining that the request has merit, the administrator may extend the 

time limit as reasonably necessary to allow timely correction of the violation. 

 Enforcement Action after Time Limit to Correct Violation 
If the violation has not been abated as directed by the county, the county may proceed to 

legal enforcement. 
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 Emergency Enforcement without Notice 
If delay in abating a violation would pose a danger to the public health, safety, or welfare, 

The county may seek immediate enforcement without prior written notice. 
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 Lot Area 
Lot area is measured as the total ground-level surface area contained within the lot lines of a lot, except that: 

 when the legal instrument creating a lot shows the boundary of the lot extending into a 

public street right-of-way, then the lot boundary for purposes of computing the lot area is 

the street right-of-way line, or if the right-of-way line cannot be determined, a line running 

parallel to and 30 feet from the center of the traveled portion of the street, and 

 in an R district, when a private street that serves more than 3 dwelling units is located along 

any lot boundary, then the lot boundary for purposes of computing the lot area will be 

deemed to be the inside boundary of the traveled portion of that street. 

 Lot Area per Unit 
Lot area per unit is a measure of residential density. It governs the amount of lot area required for each dwell-

ing unit on the subject lot. In the case of cluster developments, lot area per unit governs the amount of site 

area required for each dwelling unit in the subject cluster development. To determine the number of dwelling 

units allowed on a lot (or site), divide the area of the lot (or site) by the minimum lot-area-per-unit require-

ment, and round any fractional result down to a whole number. If, for example, a minimum lot-area-per-unit 

requirement of 1,750 feet is applied to a 10,000 square foot lot (or site), a maximum of 5 units would be allowed 

on that lot (5.71 rounded down to 5). 

 Lot Width 
Lot width is measured between the side lot lines of a lot at the minimum required street setback. On cul-de-

sacs and other irregularly shaped lots, the minimum lot width requirement may be met and measured at the 

front building line. 

 Street Frontage 
Street frontage is measured between side lot lines of a lot along the lot line that abuts the street.  

 Setbacks  

 Measurement 
Setbacks are measured from the referenced lot line to the closest point of the building or 

structure. 

1. Street setbacks are measured from the planned right-of-way line that abuts a street, 

based on the transportation plan. If the street right-of-way line is readily determinable 
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(by reference to a recorded map, set irons, or other means), the street setback is meas-

ured from that street right-of-way line. If the right-of-way line is not so determinable, 

the street setback is measured from the street centerline and the street setback dis-

tance must be increased by 15 feet plus one-half the width of the paved or traveled por-

tion of the street.  

2. Side (interior) setbacks are measured from a side lot line that does not abut a street. 

3. Rear setbacks are measured from the rear lot line. On double-frontage lots, street set-

backs apply from both opposing lot lines that abut the street, Rear setback standards 

do not apply.  

4. The purposes of setback regulations and measurements, the term "building" includes 

any substantial structure that by nature of its size, scale, dimensions, bulk, or use tends 

to constitute a visual obstruction or generate activity similar to that usually associated 

with a building. Without limiting the generality of the foregoing, the following struc-

tures are subject to setback requirements, as indicated:  

a. Gas pumps, overhead canopies or roofs are subject to a minimum 20-foot street 

setback, with no variances allowed. Where an addition, replacement, or new can-

opy is proposed to cover existing gas pumps a minimum street setback of 5 feet is 

required. The addition of new or relocation of any existing gas pumps is prohibited 

unless constructed in conformance with the minimum 20-foot street setback.  

b. Opaque or substantially opaque fences exceeding 6 feet in height that are located 

in street yard areas.  

 Permitted Obstructions 
Setbacks must be unobstructed and unoccupied from the ground to the sky except as indi-

cated in Table 100-1: 

Table 100-1: Permitted Setback Obstructions 
Obstruction/Projection into Required Setback Street Side Rear 

Accessory buildings (see also Article 35) No No Yes 
Air conditioning/heating units and  No Yes Yes 
Arbors and trellises Yes Yes Yes 

Awnings, canopies, light shelves and architecturally integrated solar shading devices projecting no more 
than 4 feet into the setback 

Yes Yes Yes 

Barbeque pits and outdoor fireplaces No No Yes 
Bay windows that project no more 4 feet into the setback Yes Yes Yes 
Chimneys and flues that project up to 4 feet into the setback Yes Yes Yes 
Clotheslines No Yes Yes 

Decks, patios, and other features and structures less than 12 inches in height above grade Yes Yes Yes 
Eaves and gutters that project up to 4 feet into the setback Yes Yes Yes 
Fences and walls  Yes Yes Yes 
Fire escapes that project up to 4 feet into the setback Yes Yes Yes 
Flagpoles and similar features Yes Yes Yes 
Geothermal heat pumps and heat exchange equipment up to 4 feet in height above grade No Yes Yes 

Green houses and hoop houses No No Yes 
Insulation added to the outside of the exterior wall of an existing building Yes Yes Yes 
Plants and cold frames Yes Yes Yes 
Porches that are open on at least 3 sides and that project no more than 4 feet into the setback    
Rainwater harvesting equipment that projects no more than 4 feet into the setback Yes Yes Yes 

Recreational equipment (e.g., swing sets and playground equipment) No Yes Yes 
Satellite dish antennas, not exceeding 1 meter (39.37 inches) in diameter Yes Yes Yes 
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Obstruction/Projection into Required Setback Street Side Rear 
Satellite dish antennas, over 1 meter but not exceeding 2.4 meters (94.49 inches) in diameter No No Yes 
Signs (see also Article 50) Yes Yes Yes 

Sills, belt courses, cornices and similar architectural features that project up to 4 feet into the setback Yes Yes Yes 
Solar or wind energy systems, building-mounted No Yes Yes 
Solar or wind energy systems, ground-mounted No No Yes 
Swimming pools and tennis courts No No Yes 
Wheelchair lifts and ramps that meet federal, state and local accessibility standards Yes Yes Yes 

 Contextual Setbacks 
When existing buildings on one or more abutting lots are closer to the street (front or street 

side) lot line than the otherwise required setback, additions to existing buildings or con-

struction of new buildings on the subject lot may comply with the average street yard depth 

that exists on the nearest 2 lots on either side of the subject lot instead of complying with 

the zoning district’s minimum street setback requirement.  

1. If one or more of the lots required to be included in the averaging calculation is vacant, 

that vacant lot will be deemed to have a street yard depth equal to the minimum street 

setback requirement of the subject zoning district. 

Figure 100-1: Contextual Setbacks (1) 

 

2. Lots with frontage on a different street than the subject lot or that are separated from 

the subject lot by a street or alley may not be used in computing the average. 
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Figure 100-2: Contextual Setbacks (2) 

 

3. When the subject lot is a corner lot, the average street yard depth will be computed on 

the basis of the nearest 2 lots with frontage on the same street as the subject lot. 

Figure 100-3: Contextual Setbacks (3) 

 

4. When the subject lot abuts a corner lot with frontage on the same street, the average 

front yard depth will be computed on the basis of the abutting corner lot and the near-

est 2 lots with frontage on the same street as the subject lot. 

5. These contextual setback provisions may not be used to reduce the setback of a street-

facing garage door to less than 20 feet. 
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 Impervious Coverage 
Impervious coverage is the total area of a lot covered by all buildings, structures, paved and gravel areas, such 

as paved driveways, walkways and parking spaces.  

 Building Height 

 Measurement 
Building height is measured as vertical distance from grade to the highest point of coping of 

a flat roof or to the deck line of a mansard roof or to the average height of the highest gable 

of a pitch or hip roof. 

Figure 100-4: Building Height 

 

  Exceptions 

1. General 
The following features are not counted in the measurement of building height and may 

exceed maximum zoning district height limits:  

a. Antennas and towers, but subject to any height limits expressly established for an-

tennas or towers; 

b. Chimneys; 

c. Parapet walls;  

d. Skylights; 

e. Steeples; 

f. Flag poles;  

g. Smokestacks;  

h. Elevator bulkheads;  

i. Monuments; 

j. Water towers;  

k. Ornamental towers and spires; 

l. Mechanical appurtenances or penthouses to house mechanical appurtenances; and  

m. Power plants and electric substations 

2. Solar Energy Systems 
Building-mounted solar energy systems may extend up to 3 feet above maximum zon-

ing district height limits, provided they do not extend more than 5 feet above the roof 

line.  
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 General 
Words and terms expressly defined in this article have the specific meanings assigned unless the context indi-

cates another meaning. Words that are not expressly defined in this ordinance have the meaning given in the 

latest edition of Merriam-Webster’s Unabridged Dictionary. 

 Terms Beginning with “A” 

Abandoned or Abandonment 
For the purpose of administering and interpreting the wireless telecommunication facility regulations 

of Section 30.190, this term means cessation of use of a wireless support structure for wireless tele-

communications activity for at least the minimum period of time specified under this ordinance. 

For purposes of administering and interpreting other regulations of this ordinance, the term means 

the intentional or unintentional cessation of use, or maintenance of a building, structure or lot.  
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Accessory Dwelling Unit 
A separate dwelling unit within a detached house or a separate dwelling unit that occupies an acces-

sory building on the same lot as the detached house. As the name implies, accessory dwelling units 

are an accessory use to the principal use of the property (i.e., a detached house). (See also the acces-

sory dwelling unit regulations of Section 35.030) 

Abut or Abutting 
To touch or have a common boundary. 

Accessory Equipment 
For the purpose of administering and interpreting the wireless telecommunication facility regulations 

of Section 30.190, this term means any equipment serving or being used in conjunction with a wireless 

facility or wireless support structure. The term includes utility or transmission equipment, power sup-

plies, generators, batteries, cables, equipment buildings, cabinets and storage sheds, shelters or sim-

ilar structures. 

Accessory Structure 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means a structure located on the same tract of property as the principal structure and 

the use of which is incidental to the use of the principal structure. Garages, carports and storage sheds 

are common urban accessory structures. Pole barns, hay sheds and the like qualify as accessory struc-

tures on farms, and may or may not be located on the same tract as the farm dwelling or shop build-

ing. For purposes of administering and interpreting other regulations of this ordinance, “accessory 

structure” has the characteristics described in Section 35.010. 

Accessory Use 
See Section 35.010. 

Addition (to an existing building) 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means an extension or increase in the floor area or height of a building or structure. 

Adjacent 
 Lying near or in the immediate vicinity. 

Administrator 
Primary responsibility for administering and enforcing this ordinance may be assigned to one or more 

individuals by the County Manager. The person or persons to whom these functions are assigned is 

referred to in this ordinance as the "administrator."  

Agent 
A person duly authorized to act on behalf of the subject property owner. 

Aircraft 
Any contrivance used or designed for navigation of or flight in the air by one or more persons.  

All-Weather Surface (or Material) 
Asphalt, concrete or other equivalent county-approved, hard surface material that is capable of 

providing protection against potholes, erosion, dust and substantial deterioration. Gravel or stone 

alone does not qualify as an all-weather surface. 
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Alteration 
A change in the size, configuration, or location of a structure; or a change in the use of a structure or 

lot from a previously approved or legally existing size, configuration, location, or use.  

Antenna 
For the purpose of administering and interpreting the wireless telecommunication facility regulations 

of Section 30.190, this term means, communications equipment that transmits, receives or transmits 

and receives electromagnetic radio signals used in the provision of all types of wireless communica-

tions services. For purposes of administering and interpreting other regulations of this ordinance, the 

term means equipment designed to transmit or receive radio or electronic signals, including but not 

limited to directional antennae, such as panels, microwave dishes, and satellite dishes, and omnidi-

rectional antennas, such as whip antennas.  

Applicant 
A person seeking an action or approval under provisions of this ordinance.  

Area of Special Flood Hazard 
See “special flood hazard area (SFHA).” 

Awning 
A structure made of cloth, metal, or other material affixed to a building in such a manner that the 

structure may be raised or retracted from a building to a flat position against the building, but not 

including a canopy.  

 Terms Beginning with “B” 

Balance of Watershed 
The area in a WS-III classification watershed outside of the critical area.  

Banner 
A sign intended to be hung either with or without a frame, possessing characters, letters, illustrations, 

or ornamentation’s applied to plastic or fabric of any kind, excluding flags and emblems of political, 

professional, religious, educational, or corporate organizations.  

Base Flood 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means the flood having a 1% chance of being equaled or exceeded in any given year. 

Base Flood Elevation (BFE) 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means a determination of the water surface elevations of the base flood as published in 

the Flood Insurance Study. When the BFE has not been provided in a “special flood hazard area”, it 

may be obtained from engineering studies available from a Federal, State, or other source using 

FEMA approved engineering methodologies. This elevation, when combined with the “Freeboard”, 

establishes the “regulatory flood protection elevation.” 

Basement 
Any area of a building having its floor sub-grade (below ground level) on all sides. 
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Base Station 
For the purpose of administering and interpreting the wireless telecommunication facility regulations 

of Section 30.190, this term means, a station at a specific site authorized to communicate with mobile 

stations, generally consisting of radio transceivers, antennas, coaxial cables, power supplies and other 

associated electronics. 

Base (Zoning) District 
Any zoning district that is not an overlay district. 

Berm 
A mound of earth or the act of pushing earth into a mound.  

Best Management Practices (BMP) 
A structural or nonstructural management-based practice used singularly or in combination to reduce 

non-point source inputs to receiving waters in order to achieve water quality protection goals.  

1. Non-structural BMPs. Non-engineered methods to reduce stormwater runoff peak and volume 

and non-point source pollution. These may include land-use controls and vegetated buffers. 

2. Structural BMPs. Engineered structures that are designed to reduce the delivery of stormwater 

runoff peak, volume, and pollutants to the receiving stream. These may include wet detention 

ponds, detention basins, retention basins, wetlands, grass swales and ditches, and infiltration 

devices. 

Blockface 
Property abutting one side of a street between the 2 nearest intersecting streets, railroad rights-of-

way or natural barriers. 

Buffer 
For purposes of administering and interpreting the Water Supply Watershed Overlay district regula-

tions of Section 15.030, “buffer” means an area of natural or planted vegetation through which storm-

water runoff does not become channeled and that provides for infiltration of the runoff and filtering 

of pollutants. Water supply watershed buffers are measured land-ward from the normal pool eleva-

tion of impounded structures and from the bank of each side of streams or rivers. For purposes of 

administering and interpreting other regulations of this ordinance, “buffer” means a strip of land with 

natural or planted vegetation located between a structure and a side or rear lot line intended to sep-

arate and partially obstruct the view of two adjacent land uses or properties from one another. A 

buffer area may include any required screening for the site. (Note: buffers required to be preserved 

along streams within the Twelve Mile Creek Wastewater Treatment Plant Service Area are referred 

to a “riparian buffers.” 

Buffer, Riparian 
For the purpose of administering and interpreting the riparian buffer regulations of Article 70, riparian 

buffer (or simply buffer), means, a natural or undisturbed vegetated area located immediately adja-

cent to a watercourse through which stormwater runoff flows in a diffuse manner so that the runoff 

does not become channelized and that provides for infiltration of the runoff, filtering of pollutants, 

storage of floodwaters, groundwater re-charge, stream base flow replenishment, and habitats for 

wildlife. 
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 Building 
A temporary or permanent structure having a roof supported by exterior walls or constructed columns 

and that can be used for residence, business, industry, or other public or private purposes or accessory 

thereto.  

Building, Elevated 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means a non-basement building that has its lowest elevated floor raised above ground 

level by foundation walls, shear walls, posts, piers, pilings, or columns. 

Building, Front of 
The side of the building closest to and most nearly parallel with the front lot line. 

Building Line 
The edge of a building closest to the street. 

Building Permit 
A permit issued by the county for the construction, erection or alteration of a structure or building. 

Building, Principal 
The primary building on a lot or a building that houses a principal use.  

Built-upon Area 
That portion of a development project that is covered by impervious or partially impervious cover, 

including buildings, pavement, gravel roads, recreation facilities (e.g., tennis courts), etc. (Note: 

Wooden slatted decks and the water area of a swimming pool are considered pervious.)  

Bulk Storage 
Storage material in containers or tanks for sale to retail dealers, distributors, or outlets or for storage 

prior to disposal.  

 Terms Beginning with “C” 

Cabin 

A small one-story house built and designed for temporary use within a campground. 

Caliper 
A measurement of the size of a tree equal to the diameter of its trunk measured 6 inches above nat-

ural ground for trees having calipers less than or equal to 6 inches diameter and measured 12 inches 

above grade for tree calipers greater than 6 inches diameter. 

Canopy 
A permanent structure other than an awning made of cloth, metal or other material attached or un-

attached to a building for the purpose of providing shelter to patrons or automobiles, or as a decora-

tive feature on a building wall. A canopy is not a completely enclosed structure.  

Camping Unit 
A tent, cabin, recreational vehicle intended, designed, or used for temporary human occupancy. 
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Camping Unit Site 
A specific area within a campground or recreational vehicle park that is set aside for use as a tempo-

rary living site by a camping unit.  

Campsite 
Any plot of ground within a campground intended for the exclusive occupancy by a cabin, recreational 

vehicle, or tent. 

Carrier on Wheels or Cell on Wheels (COW) 
For the purpose of administering and interpreting the wireless telecommunication facility regulations 

of Section 30.190, this term means, a portable self-contained wireless facility that can be moved to a 

location and set up to provide wireless services on a temporary or emergency basis. A COW is nor-

mally vehicle-mounted and contains a telescoping boom as the antenna support structure.  

Center Line of Street 
The center line of a right-of-way, as defined or surveyed by the North Carolina Department of Trans-

portation.  

Certificate of Compliance 
A statement, signed by an administrative officer, setting forth that a building, structure, or use com-

plies with this ordinance and building codes and that the same may be used for the purposes stated 

on the permit.  

Certificate of Occupancy 
A certificate allowing the occupancy or use of a building and certifying that the structure or use has 

been constructed or will be used in compliance with this ordinance and all other applicable regula-

tions.  

Certify 
Formally attesting that specific requirements, inspections and tests have been met or performed and 

in compliance with the applicable requirements of this ordinance. Whenever this ordinance requires 

that some agency or individual certify the existence of some fact or circumstance to the county, the 

county may require that such certification be made in any manner that provides reasonable assurance 

of the accuracy of the certification.  

Changeable Copy 
The display area of a sign where characters, letters, or illuminations can be changed or rearranged 

without altering the face or surface of the sign. 

Chemical Storage Facility 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means a building, portion of a building, or exterior area adjacent to a building used for 

the storage of any chemical or chemically reactive products.  

Circulation Area 
That portion of the vehicular use area used for access to parking or loading areas or other facilities on 

the lot. Essentially, driveways and other maneuvering areas (other than parking aisles) comprise the 

circulation area.  
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Cluster Development 
The grouping of buildings in order to conserve land resources and provide for innovation in the design 

of the project and includes a component of permanent open space. This term includes nonresidential 

development as well as single-family residential subdivisions and multi-family developments that do 

not involve the subdivision of land.  

Co-Location 
For the purpose of administering and interpreting the wireless telecommunication facility regulations 

of Section 30.190, this term means the placement or installation of wireless facilities on existing struc-

tures, including electrical transmission towers, water towers, buildings and other structures capable 

of structurally supporting the attachment of wireless facilities in compliance with all applicable codes 

and regulations.  

Commercial Message 
Any sign, wording, logo, or other representation that directly or indirectly, names, advertises, or calls 

attention to a business, product, service or other commercial activity.  

Common Open Space 
Land and/or water areas within the site designated for development that are designed and intended 

for the common use or enjoyment of the residents of the development but not including any lands 

occupied by streets, street rights-of-way or off-street parking.  

Common Open Space, Improved 
Common open space that has been improved with recreational areas and amenities such as, but not 

limited to, ball fields, tennis courts, swimming pools, nature trails, clubhouses, etc. 

Comprehensive Plan 
The Union County Comprehensive Plan.   

Concealed Wireless Facility 
For the purpose of administering and interpreting the wireless telecommunication facility regulations 

of Section 30.190, this term means any wireless facility that is integrated as an architectural feature 

of an existing structure or any new wireless support structure designed to camouflage or conceal the 

presence of antennas or towers so that the purpose of the facility or wireless support structure is not 

readily apparent to a casual observer. 

Condominium 
A form of property ownership whereby the owner gains ownership of an interior space within a build-

ing. The building structure, the land under the building, and all of the surrounding land is commonly 

owned by all the inhabitants on a proportional basis.  

County 
Union County.  

Critical Area 
The area adjacent to a water supply intake or reservoir where risk associated with pollution is greater 

than from the remaining portions of the watershed. The critical area is defined as extending either 

one-half mile from the normal pool elevation of the reservoir in which the intake is located or to the 

ridge line of the watershed (whichever comes first); or one-half mile upstream from the intake located 
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directly in the stream or river (run-of-the-river), or the ridge line of the watershed (whichever comes 

first).  

 Terms Beginning with “D” 

Day 
See §1.100-D. 

Density, Gross 
The quotient of the total number of dwelling units divided by the total gross acreage of a site.  

Detached House 
A principal building, other than a mobile or manufactured home that contains only one principal 

dwelling unit and that is located on a single lot with private yards on all sides of the building. 

Developer 
A person who is responsible for any undertaking that requires development approval in accordance 

with the relevant provisions of Article 80..  

Development  

1. For purposes of administering and interpreting the Water Supply Watershed Overlay district 

regulations of Section 15.030, “development” means any land-disturbing activity that adds to 

or changes the amount of impervious or partially impervious cover on a land area or that other-

wise decreases the infiltration of precipitation into the soil.  

2. For the purpose of administering and interpreting the flood damage protection regulations of 

Article 65, “development” means any man-made change to improved or unimproved real es-

tate, including, but not limited to, buildings or other structures, mining, dredging, filling, grad-

ing, paving, excavation or drilling operations, or storage of equipment or materials.  

3. For purposes of administering and interpreting other regulations of this ordinance, “develop-

ment” means any activity carried pursuant to a permit required by this ordinance.  

Development, Existing 
Projects that are built or in place or that have established a vested right in accordance with applicable 

provisions of this ordinance.  

Diffuse Flow 
Stormwater runoff that flows in a non-channelized manner, is a non-erosive velocity, and pro-

vides for infiltration of the runoff and filtering of pollutants.   

Discharge 
The release or placing of water or other fluid into a conveyance system. 

 Disabled or Disability 
A physical or mental impairment that substantially limits one or more of such person’s major life ac-

tivities so that such person is incapable of living independently, a record of having such an impair-

ment, or being regarded as having such an impairment. The term “disabled” or “disability” does not 

include current illegal use of, or addiction to, a controlled substance or alcoholism. 
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Discharging Landfill 
A facility with liners, monitoring equipment and other measures to detect and/or prevent leakage 

from entering the environment and in which the leakage is treated on site and discharged to a receiv-

ing stream.  

Disposal 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means, as defined in NCGS 130A-290(a)(6), the discharge, deposit, injection, dumping, 

spilling, leaking, or placing of any solid waste into or on any land or water so that the solid waste or 

any constituent part of the solid waste may enter the environment or be emitted into the air or dis-

charged into any waters, including groundwaters. 

Distributed Energy 
Systems that produce and distribute energy at a small area scale, such as a neighborhood or campus. 

Drainage 
A general term applied to the removal of surface or subsurface water from a given area either by grav-

ity or by pumping. 

Drive Thru or Drive Up Window Establishment 
See25.020-I1. 

Driveway 
That portion of a vehicular use area that consists of a travel lane bounded on either side by an area 

that is not part of the vehicular use area.  

Dwelling Unit 
An enclosure containing sleeping, kitchen, and bathroom facilities designed for and used or held 

ready for use as a permanent residence by a single household.  

 Terms Beginning with “E” 

Ecosystem 
A community of living organisms (plants, animals and microbes) in conjunction with the nonliving 

components of their environment (things like air, water and mineral soil), interacting as a system. 

Electric Vehicle (EV) 
Any vehicle that is licensed and registered for operation on public and private highways, roads, and 

streets; either partially or exclusively, on electrical energy from the grid or an off-board source, that 

is stored on-board via a battery. “Electric vehicle” includes: (1) battery electric vehicles; and (2) plug-

in hybrid electric vehicles.  

Electric Vehicle (EV) Charging Station 
A public or private parking space that is served by battery charging station equipment. 

Electric Vehicle Charging Station, Private (Restricted-access) 
An EV charging station that is not available for use by the general public. Examples include electric 

vehicle charging stations that serve residential homeowners or renters, executive parking areas, des-

ignated employee parking areas and fleet parking areas.  
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Electric Vehicle Charging Station, Public 
An EV charging station that is accessible to and available for use by the general public.  

Electric Vehicle Parking Space  
Any parking space that is clearly identified to be used exclusively for the parking of an electric vehicle. 

Electrical Transmission Tower 
For the purpose of administering and interpreting the wireless telecommunication facility regulations 

of Section 30.190, this term means an electrical transmission structure used to support high-voltage 

overhead power lines. The term does not include a utility pole. 

Eligible Facilities Request 
For the purpose of administering and interpreting the wireless telecommunication facility regulations 

of Section 30.190, this term means a request for modification of an existing wireless tower or base 

station that involves collocation of new transmission equipment or replacement of transmission 

equipment but does not include a substantial modification. 

Encroachment 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means the advance or infringement of uses, fill, excavation, buildings, structures or de-

velopment into a floodplain, that may impede or alter the flow capacity of a floodplain. 

Essential Services 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means an activity or structure that is required to provide safe movement of traffic and 

the provision of utilities. Specifically, these services are: street, road, highway, and railroad crossings, 

overhead and underground utility crossings where crossings are made perpendicular to the stream, 

municipal and publically owned sanitary sewers, and stream restoration activities. 

Equipment Compound 
For the purpose of administering and interpreting the wireless telecommunication facility regulations 

of Section 30.190, this term means an area surrounding or near the base of a wireless support struc-

ture within which are located wireless facilities. 

Excavation 
Any act by which the organic matter, earth, sand, gravel, rock, or any other similar material is cut into, 

dug, quarried, uncovered, removed, displaced, relocated, or bulldozed and include the conditions re-

sulting from excavation activities. 

Existing Structure 
For the purpose of administering and interpreting the wireless telecommunication facility regulations 

of Section 30.190, this term means a wireless support structure, erected prior to the application for 

an eligible facilities request, collocation or substantial modification under the telecommunications 

regulations of Section 30.190 that is capable of supporting the attachment of wireless facilities. The 

term includes such structures as electrical transmission towers, buildings and water towers, but not 

utility poles. 
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Expenditure 
A sum of money paid out in return for some benefit or to fulfill some obligation. The term also includes 

binding contractual commitments to make future expenditures, as well as any other substantial 

changes in position.  

Extraterritorial Planning Jurisdiction 
That portion of an incorporated municipality's planning jurisdiction that lies outside the corporate 

limits of the municipality.  

 Terms Beginning with “F” 

Fall Zone 
For the purpose of administering and interpreting the wireless telecommunication facility regulations 

of Section 30.190, this term means the area in which a wireless support structure may be expected to 

fall in the event of a structural failure, as measured by engineering standards. 

Farm, Bona-fide 
See the bona fide farm definition and zoning exemption provisions of Section 1.050. 

Fence 
A device made of chain links, posts, wires, or boards designed to serve as a barrier or otherwise to 

mark off the boundaries of a piece of property, or portion thereof. A fence is not a structure. 

Flag 
A piece of durable fabric of distinctive design attached to a permanent pole that is used as a symbol 

or decorative feature.  

Flag Lot 
An irregularly shaped lot where the buildable portion of the lot is connected to its street frontage by 

an arm (flag pole) of the lot that is less than 50% of the presumptive minimum required lot width (or 

if no minimum lot width is specified, is less than 50% percent of the width of the buildable portion of 

the lot or 50 feet, whichever is less.  

Flood or “Flooding 
A general and temporary condition of partial or complete inundation of normally dry land areas from 

the overflow of inland or tidal waters; and/or the unusual and rapid accumulation or runoff of surface 

waters from any source. 

Flood Boundary and Floodway Map (FBFM) 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means an official map of a community, issued by the Federal Emergency Management 

Agency, on which the special flood hazard areas and the floodways are delineated. This official map 

is a supplement to and must be used in conjunction with the Flood Insurance Rate Map (FIRM). 

Flood Hazard Boundary Map (FHBM) 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means an official map of a community, issued by the Federal Emergency Management 

Agency, where the boundaries of the special flood hazard areas have been defined as Zone A. 



Article 105 | Definitions 
Section 105.070 | Terms Beginning with “F” 

Effective October 6, 2014 page 105-12 Amendments through 11.03.2014 

Flood Insurance 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means the insurance coverage provided under the National Flood Insurance Program. 

Flood Insurance Rate Map (FIRM) 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means an official map of a community, issued by the Federal Emergency Management 

Agency, on which both the special flood hazard areas and the risk premium zones applicable to the 

community are delineated. 

Flood Insurance Study (FIS) 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means an examination, evaluation, and determination of flood hazards, corresponding 

water surface elevations (if appropriate), flood hazard risk zones, and other flood data in a community 

issued by the Federal Emergency Management Agency. The Flood Insurance Study report includes 

Flood Insurance Rate Maps (FIRMs) and Flood Boundary and Floodway Maps (FBFMs), if published. 

Flood Prone Area 
See “Floodplain” 

Flood Zone 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means a geographical area shown on a Flood Hazard Boundary Map or Flood Insurance 

Rate Map that reflects the severity or type of flooding in the area. 

Floodplain 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means any land area susceptible to being inundated by water from any source. 

Floodplain Administrator 
The individual appointed to administer and enforce the floodplain management regulations. 

Floodplain Development Permit 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means any type of permit that is required in conformance with the provisions of this 

article, prior to the commencement of any development activity. 

Floodplain Management 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means the operation of an overall program of corrective and preventive measures for 

reducing flood damage and preserving and enhancing, where possible, natural resources in the flood-

plain, including, but not limited to, emergency preparedness plans, flood control works, floodplain 

management regulations, and open space plans. 

Floodplain Management Regulations 
The regulations of Article 65 and other zoning ordinances, subdivision regulations, building codes, 

health regulations, special purpose ordinances, and other applications of police power. This term de-

scribes federal, state or local regulations, in any combination thereof, that provide standards for pre-

venting and reducing flood loss and damage. 
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Floodproofing 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means any combination of structural and nonstructural additions, changes, or adjust-

ments to structures which reduce or eliminate flood damage to real estate or improved real property, 

water and sanitation facilities, structures, and their contents. 

Floodway 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means the channel of a river or other watercourse and the adjacent land areas that must 

be reserved in order to discharge the base flood without cumulatively increasing the water surface 

elevation more than one foot. 

Floor 
The top surface of an enclosed concrete slab construction or top of wood flooring in frame construc-

tion. The term does not include the floor of a garage used solely for parking vehicles.  

Floor Area, Gross 
The total area of a building measured by taking the outside dimensions of the building at each floor 

level intended for occupancy or storage.  

Floor Area, Net 
Floor area of all floors, as measured from the inside surfaces of the walls enclosing the part of a build-

ing occupied by a single occupant or shared by a distinct group of occupants, excluding therefrom 

common halls, stairwells, sanitary facilities and storage and other areas to which patrons do not have 

regular access.  

Foot-candle  
A measure of illumination, the amount of light falling onto a surface. One lumen of light, shining 

evenly across one square foot of surface, illuminates that surface to one foot-candle. 

Florida Room 
A prefabricated room designed and manufactured specifically for manufactured homes.  

Freeboard 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means the height added to the base flood elevation (BFE) to account for the many un-

known factors that could contribute to flood heights greater than the height calculated for a selected 

size flood and floodway conditions, such as wave action, blockage of bridge openings, and the hydro-

logical effect of urbanization of the watershed. The base flood elevation (BFE) plus the freeboard es-

tablishes the “regulatory flood protection elevation.” 

Frontage 
The dimension of a property or portion of a property that is adjacent to a street; side yards of corner 

lots are excluded.  

Functionally Dependent Facility 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means a facility that cannot be used for its intended purpose unless it is located in close 

proximity to water, limited to a docking or port facility necessary for the loading and unloading of 
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cargo or passengers, shipbuilding, or ship repair. The term does not include long-term storage, man-

ufacture, sales, or service facilities. 

 Terms Beginning with “G” 

Garage Sale 
See "Yard Sale"  

Geothermal Energy System 
Equipment that transfers thermal energy to and/or from the ground for the purposes of heating 

and/or cooling a building. Geothermal energy systems consists of a closed-loop system of pipes filled 

with liquid, a heat exchanger and heat pump. This includes vertical closed loop, horizontal closed loop 

and water body closed loop systems. 

Grade 
The average level of the finished surface of the ground adjacent to the exterior walls of the building 

or structure, unless otherwise expressly stated. 

Grade of Street 
The height of the top of the curb, or if no curb exists, the height of the edge of pavement in the lane 

of travel adjacent to the side of the street at which grade is being measured.  

Gross Tract Area or Gross Acreage 
The total area of a project including rights-of-way, open space, and dedicated public properties.  

Ground Covers 
Low growing plants such as grasses, ivies, creeping bushes and similar decorative plantings. Where 

required by this ordinance, ground covers must have the capability of soil stabilization and erosion 

control.  

 Terms Beginning with “H” 

Hazardous Substance 
Any substance that may pose a danger to the public health or safety if contained in the central water 

supply, as determined by the administrator. A list of all such substances must be compiled by the 

administrator and maintained in the inspections department. All substances included in the U. S. En-

vironmental Protection Agency's listing of Hazardous substances and Priority Pollutants (developed 

pursuant to the Clean Water Act of 1977) are deemed hazardous substances and included on the list 

compiled by the administrator, but other substances may be included as the administrator deems 

necessary.  

Hazardous Waste Management Facility 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means, as defined in NCGS 130A, Article 9, a facility for the collection, storage, pro-

cessing, treatment, recycling, recovery, or disposal of hazardous waste. 

Height, Building 
See Section 100.070. 
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Highest Adjacent Grade (HAG) 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means the highest natural elevation of the ground surface, prior to construction, imme-

diately next to the proposed walls of the structure. 

Historic Structure 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means any structure that is: 

1. listed individually in the National Register of Historic Places (a listing maintained by the U.S. 

Department of Interior) or preliminarily determined by the Secretary of Interior as meeting the 

requirements for individual listing on the National Register; 

2. certified or preliminarily determined by the Secretary of Interior as contributing to the histori-

cal significance of a registered historic district or a district preliminarily determined by the Sec-

retary to qualify as a registered historic district; 

3. individually listed on a local inventory of historic landmarks in communities with a “Certified 

Local Government” (CLG) Program; or 

4. certified as contributing to the historical significance of a historic district designated by a com-

munity with a “Certified Local Government” (CLG (Note: Certified Local Government (CLG) 

Programs are approved by the U.S. Department of the Interior in cooperation with the North 

Carolina Department of Cultural Resources through the State Historic Preservation Officer as 

having met the requirements of the National Historic Preservation Act=] 

Home Occupation 
A business or commercial activity conducted from a dwelling unit. (See the home occupation regula-

tions of Section 35.040.) 

Household 
An individual or group living together as a housekeeping unit within a single dwelling unit, with com-

mon access to and common use of all living and eating areas and all areas and facilities for the prepa-

ration and serving of food within the dwelling unit. “Household” does not include sororities, fraterni-

ties, or other similar group living situations. (See also household living and group living use subcate-

gory descriptions of §25.020-B1 and §25.020-B2, respectively. 

 Terms Beginning with “I” 

Infiltration 
The replenishment of underground water reserves by the movement of stormwater through the soil. 

Intermittent Stream 
A well-defined channel that contains water for only part of the year, typically during winter and spring 

when the aquatic bed is below the water table.  The flow may be heavily supplemented by intermit-

tent stormwater runoff.  An intermittent stream often lacks the biological and hydrological charac-

teristics commonly associated with the conveyance of water. 
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 Terms Beginning with “J” 

Jurisdictional Stream 
A body of water that is defined by Section 401 and 404 of the Clean Water Act to be within the au-

thority of regulatory agencies. 

  Terms Beginning with “K” 
RESERVED 

 Terms Beginning with “L” 

Lake or Watercourse 
Any stream, river, brook, swamp, creek, run, branch, waterway, reservoir, lake, or pond, natural or 

impounded, in which sediment may be moved or carried in suspension and that could be damaged by 

accumulation of sediment and pollutants.  

Lawfully Established 
A use, structure, lot or sign (as the context indicates) that was established in conformance with all 

applicable development regulations in effect at the time of its establishment. 

Livestock 
Poultry and hoofed animals such as cattle, horses, swine, goats, and sheep.  

Loading and Unloading Area 
That portion of the vehicular use area used to satisfy the requirements of Section 300.  

Loading Space, Off-Street 
An off-street space or berth for the temporary parking of trucks or other motor vehicles while loading 

or unloading merchandise or materials.  

Lot 
A parcel of land whose boundaries have been established by some legal instrument, such as a rec-

orded deed or a recorded map and that is recognized as a separate legal entity for purposes of transfer 

of title. If a public body or any authority with the power of eminent domain condemns, purchases, or 

otherwise obtains fee simple title to or a lesser interest in a strip of land cutting across a parcel of land 

otherwise characterized as a lot by this definition, or a private street is created across a parcel of land 

otherwise characterized as a lot by this definition, and the interest thus obtained or the street so cre-

ated is such as effectively to prevent the use of this parcel as one lot, then the land on either side of 

this strip constitutes a separate lot. 

Lot Area 
See Section 100.010.  

Lot, Corner 
A lot that occupies the interior angle at the intersection of 2 street lines that make an angle of more 

than 45 degrees and less than 135 degrees with each other.  

Lot Depth 
The mean horizontal distance between the front and rear lot lines.  
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Lot, Interior 
A lot other than a corner lot.  

Lot Line 
A line of record bounding a lot that separates one lot from another lot or separates that lot from a 

public or private street or any other public space.  

Lot Line, Front 
The lot line separating a lot from a street right-of-way. On a corner lot, the lot line with the least street 

frontage is deemed the front lot line. When the 2 street frontages are of equal length, the final plat 

must be reviewed to determine which side was designated as the “front” by the original developer. If 

the plat does not provide this information, then the property owner may elect which is the front lot 

line. On a double frontage or through lot, both street frontage are deemed front lot lines. 

Lot Line House 
A detached house that is placed against one of the side lot lines. Such dwelling unit has a front and 

rear yard but only one side yard. This definition does not include townhouses. 

Lot Line, Interior 
A lot line that does not have street frontage.  

Lot Line, Rear 
The lot line opposite and most distant from the front lot line.  

Lot Line, Side 
Any lot line abutting another lot and that is not a front or rear lot line.  

Lot Line, Street 
The lot line separating a lot from a street right-of- way or private street easement. 

Lot of Record 
A lot that is part of a subdivision, a plat of which has been recorded in the office of the register of 

deeds or a lot described by metes and bounds, the description of which has been so recorded.  

Lot, Through (Double-frontage) 
A lot that fronts on parallel streets or nearly parallel streets, or that fronts upon 2 streets that do not 

intersect at the boundaries of the lot.  

Lot Width 
See Section 100.030. 

Lowest Adjacent Grade (LAG) 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means the elevation of the ground, sidewalk or patio slab immediately next to the build-

ing, or deck support, after completion of the building. 

Lowest Floor 
The lowest floor of the lowest enclosed area (including basement). An unfinished or flood resistant 

enclosure, usable solely for parking of vehicles, building access, or limited storage in an area other 

than a basement area is not considered a building's lowest floor, provided that such an enclosure is 
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not built so as to render the structure in violation of the applicable non-elevation design requirements 

of this article. 

 Terms Beginning with “M” 

Manufactured Home 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means a structure, transportable in one or more sections, that is built on a permanent 

chassis and designed to be used with or without a permanent foundation when connected to the re-

quired utilities. The term “manufactured home” does not include a “detached house” or a “recrea-

tional vehicle.” 

Manufactured Home Park or Subdivision 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means a lot (or contiguous lots) divided into 2 or more manufactured home lots for rent 

or sale. 

Manufactured Home Park or Subdivision, Existing 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means a manufactured home park or subdivision for which the construction of facilities 

for servicing the lots on which the manufactured homes are to be affixed (including, at a minimum, 

the installation of utilities, the construction of streets, and either final site grading or the pouring of 

concrete pads) was completed before the initial effective date of the floodplain management regula-

tions adopted by the community. 

Manufactured Home Park or Subdivision, Expansion of 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means the preparation of additional sites by the construction of facilities for servicing 

the lots on which the manufactured homes are to be affixed (including the installation of utilities, the 

construction of streets, and either final site grading or the pouring of concrete pads).  

Manufactured Home Park or Subdivision, New 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means a manufactured home park or subdivision for which the construction of facilities 

for servicing the lots on which the manufactured homes are to be affixed, (including at a minimum, 

the installation of utilities, the construction of streets and either final site grading or the pouring of 

concrete pads) is completed on or after the effective date of floodplain management regulations 

adopted by a community.  

Manufactured Home Space 
Any premises within a manufactured home park used or intended to be used or occupied by one man-

ufactured home, together with automobile parking space, utility structures, and other required facil-

ities incidental thereto.  

Manufactured Home Subdivision 
A recorded subdivision containing residential lots for individual sale and occupancy by Class A or B or 

C manufactured homes.  
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Market Value 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means the building value, not including the land value and that of any accessory struc-

tures or other improvements on the lot. Market value may be established by independent certified 

appraisal; replacement cost depreciated for age of building and quality of construction (Actual Cash 

Value); or adjusted tax assessed values. 

Mean Sea Level 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means, for purposes of this ordinance, the National Geodetic Vertical Datum (NGVD) as 

corrected in 1929, the North American Vertical Datum (NAVD) as corrected in 1988, or other vertical 

control datum used as a reference for establishing varying elevations within the floodplain, to which 

base flood elevations (BFEs) shown on a FIRM are referenced. Refer to each FIRM panel to determine 

datum used. 

Modular Home 
A dwelling unit constructed in accordance with the standards set forth in The North Carolina State 

Building Code and composed of components substantially assembled in a manufacturing plant and 

transported to the building site for final assembly on a permanent foundation. Among other possibil-

ities, a modular home may consist of two sections transported to the site in a manner similar to a 

manufactured home (except that the modular home meets The North Carolina State Building Code), 

or a series of panels or room sections transported on a truck and erected or joined together on the 

site.  

Monopole 
For the purpose of administering and interpreting the wireless telecommunication facility regulations 

of Section 30.190, this term means a single, freestanding pole-type structure supporting one or more 

antennas. A monopole is not a tower or a utility pole. 

Motor Vehicle 
Every self-propelled vehicle designed to run upon the highways and every vehicle designed to run 

upon the highways that is pulled by a self-propelled vehicle.  

  

Multi-Tenant Development 
A development typically under unified ownership and control consisting of 2 or more business estab-

lishments. The tenants of multi-tenant development typically share vehicle access and parking facili-

ties.  

 Terms Beginning with “N” 

Natural Community 
A distinct and recurring assemblage of populations of plants, animals, fungi and microorganisms nat-

urally associated with each other and their physical environment. 

NCDOT 
North Carolina Department of Transportation. 

NCGS 
North Carolina General Statutes. 
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Net Tract Area or Net Acreage 
The residual acreage of a project after the amount of right-of-way, open space, and public property 

have been deducted from the “Gross Tract Area.”  

New Construction 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means structures for which the “start of construction commenced on or after the effec-

tive date of the initial floodplain management regulations and includes any subsequent improve-

ments to such structures. 

Noncommercial Copy 
A sign message through pictures, illustrations, symbols and/or words, or any combination thereof, 

that does not contain any reference to a business or product but displays a substantive message, 

statement or expression that is protected by the First Amendment to the Constitution of the United 

States.  

Nonconforming Lot 
See Section 90.020. 

Nonconforming Sign 

See Section 50.080.Nonconforming Situation 
See Article 90. 

Nonconforming Structure 
See Section 90.030. 

Nonconforming Use 
See Section 90.040. 

Non-Encroachment Area 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means the channel of a river or other watercourse and the adjacent land areas that must 

be reserved in order to discharge the base flood without cumulatively increasing the water surface 

elevation more than one (1) foot as designated in the Flood Insurance Study report. 

Non-Motorized (Facilities) 
Improvements designed for the use, safety and comfort of pedestrians, cyclists, wheelchair users, 

equestrians and similar forms of travel that does not involve motor vehicles. Examples include side-

walks, walkways, trails, bikeways and related appurtenances, such as signs and ramps. 

Nonresidential Development 
All development other than residential development, agriculture and silviculture.  

 Terms Beginning with “O” 

Open Space 
Areas of development that allow for light, air, wildlife habitat, and for scenic and recreational use. 

Also included are areas designed to enhance the privacy or general appearance of a development. 

Private open space is open space that is owned by a corporation, individual, or homeowner’s associa-

tion. Public open space is open space owned by a governmental jurisdiction.  
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Open (or Outdoor) Storage 
An unroofed storage area, whether fenced or not.  

Ordinary Maintenance 
For the purpose of administering and interpreting the wireless telecommunication facility regulations 

of Section 30.190, this term means ensuring that wireless facilities and wireless support structures are 

kept in good operating condition. Ordinary maintenance includes inspections, testing and modifica-

tions that maintain functional capacity and structural integrity; for example, the strengthening of a 

wireless support structure's foundation or of the wireless support structure itself. Ordinary mainte-

nance includes replacing antennas of a similar size, weight, shape and color and accessory equipment 

within an existing equipment compound and relocating the antennas to different height levels on an 

existing monopole or tower upon which they are currently located. Ordinary maintenance does not 

include substantial modifications. 

Outparcel 
A parcel of land associated with and located within a shopping center or multi-tenant development 

that is designated on an approved plan as a location for a structure with an intended use.  

Owner 
See "Property Owner."  

 Terms Beginning with “P” 

Package Treatment Plant 
A small self-contained sewage treatment facility built to serve developed areas that lie beyond the 

service area of sanitary sewers. 

Parapet 
A wall-like barrier at the edge of a roof that acts as a vertical extension of an exterior building wall 

extending above the roof height of the building. Parapets may serve as a safety or architectural fea-

ture. 

Parking Area Aisles 
That portion of the vehicular use area consisting of lanes providing access to parking spaces. 

Parking Bay 
A parking module consisting of one or more sets of one or 2 rows of parking spaces and the aisle from 

which motor vehicles enter and leave. 

Parking Space 
A portion of the vehicular use area set for the parking of one vehicle. 

Passive Recreation 
Recreational activities that generally do not require a developed site. This generally includes such ac-

tivities as hiking, horseback riding, and picnicking. 

Permit, Building 
Written permission issued for the construction, repair, alteration or addition to a structure. 



Article 105 | Definitions 
Section 105.170 | Terms Beginning with “P” 

Effective October 6, 2014 page 105-22 Amendments through 11.03.2014 

Person 
An individual, trustee, executor, other fiduciary, corporation, firm, partnership, association, organi-

zation, or other entity acting as a unit. 

Person with Disabilities  
A person with a temporary or permanent physical, emotional, or mental disability including but not 

limited to mental retardation, cerebral palsy, epilepsy, autism, hearing and sight impairments, emo-

tional disturbances and orthopedic impairments but not including mentally ill persons who are dan-

gerous to others, as defined in NCGS 122C‑3(11)b.  

Perennial Stream 
A well-defined channel that contains water year-round during a year of normal rainfall with the 

aquatic bed located below the water table for most of the year. Groundwater is the primary 

source of water for a perennial stream, but it also carries stormwater runoff.  A perennial stream 

exhibits the typical biological, hydrological, and physical characteristics commonly associated 

with the continuous conveyance of water. 

Planned Unit Development 
See Section 15.050.  

Plant, Endangered 

Any plant species that is in danger of extinction throughout all or a significant part of its range. 

Plant, Invasive 
A plant reproducing outside its native range and outside cultivation that disrupts naturally occurring 

native plant communities by altering structure, composition, natural processes or habitat quality. In-

vasive plants are those plants recognized on the State of North Carolina Weed and Invasive Plants List. 

Plat 
A map or plan of a tract of land that is to be, or has been subdivided.  

Post-FIRM 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means construction or other development for which the “start of construction occurred 

on or after the effective date of the initial Flood Insurance Rate Map. 

Practicable Alternative 
For the purpose of administering and interpreting the riparian buffer regulations of Article 70, this 

term means an infrastructure improvement such as a utility alignment that can be designed and con-

structed without a significant construction cost increase relative standard design/construction ap-

proaches.  Conditions that can impact construction costs so that a “no practicable alternative” exists 

include steep topography, atypical soil or foundation conditions, existing sensitive environmental 

features, or requirements from other agencies such as the North Carolina Department of Transporta-

tion, North Carolina Department of Environment and Natural Resources, Railroads, and Utility Com-

panies.   

Pre-FIRM 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means construction or other development for which the “start of construction occurred 

before the effective date of the initial Flood Insurance Rate Map. 
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Premises 
A tract of real property with a separate and distinct number or designation shown on a recorded plat, 

record of survey, parcel map or subdivision map. When a lot is used together with one or more con-

tiguous lots for a single use or planned development, all of the lots so used, including any lots used 

for off-street parking, it will be considered a single premises for purposes of these regulations. 

Principal Building 
A building or combination of buildings of chief importance or function on a lot. In general, the princi-

pal use is carried out in a principal building.  

Principal Use 
An activity or combination of activities of chief importance on a lot. One of the main purposes for 

which the land, buildings or structures are intended, designed, or ordinarily used. 

Principally Above Ground 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means that at least 51% of the actual cash value of the structure is above ground. 

Produce Stand 
The sale of any form of agricultural or horticultural products at a retail stand on the property under 

the same ownership as the lot upon which the produce is grown.  

Property Owner 
Those listed as owners of property on the records of the Union County Assessor's Office.  

 Terms Beginning with “Q” 
RESERVED 

 Terms Beginning with “R” 

Receive-Only Antenna 
An antenna and attendant processing equipment for reception of electronic signals from satellites.  

Recreational Uses, Accessory 
A recreational facility (e.g., swimming pool, tennis court) accessory to a principal use such as a hotel, 

multi-family development, single-family residence, country club, etc.  

Recreational Vehicle (RV) 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means a vehicle that is: 

1. Built on a single chassis; 

2. 400 square feet or less when measured at the largest horizontal projection; 

3. Designed to be self-propelled or permanently towable by a light duty truck; and 

4. Designed primarily not for use as a permanent dwelling, but as temporary living quarters for 

recreational, camping, travel, or seasonal use. 

For the purposes of administering and interpreting the other regulations of this article, the term “rec-

reational vehicle” means a vehicle or vehicular equipment primarily designed as temporary living 

quarters for recreational, camping, or travel. A recreational vehicle may have its own motive power 
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or be mounted on or towed by another vehicle. Examples include travel trailers, campers, camping 

trailers, truck campers and motor homes. 

Redevelopment 
For the purpose of administering and interpreting the riparian buffer regulations of Article 70, this 

term means any land-disturbing activity that does not result in any increase of built-upon area and 

that provides a greater or equal stormwater control than the existing development shown on the 

county’s 2010 aerial photogrammetry, which is on file in the office of the administrator. 

Reference Level 
is the top of the lowest floor for structures within special flood hazard areas designated as Zone A1-

A30, AE, A, or A99. 

Reforestation 
The act of planting and caring for non-invasive vegetation including shrubs and trees to rehabilitate 

a wooded area. 

Regulatory Flood Protection Elevation 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means the “base flood elevation” plus the “freeboard.” In “special flood hazard areas” 

where base flood elevations (BFEs) have been determined, this elevation is the BFE plus 2 feet of 

freeboard. In “special flood hazard areas” where no BFE has been established, this elevation must be 

least 2 feet above the highest adjacent grade.  

Remedy a Violation 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means to bring the structure or other development into compliance with State and com-

munity floodplain management regulations, or, if this is not possible, to reduce the impacts of its 

noncompliance. Ways that impacts may be reduced include protecting the structure or other affected 

development from flood damages, implementing the enforcement provisions of the ordinance or 

otherwise deterring future similar violations, or reducing Federal financial exposure with regard to 

the structure or other development. 

Renewable Energy  
Energy from resources that are quickly replenished, such as sunlight, wind, water, biomass, geother-

mal resources.  

Replacement Pole 
For the purpose of administering and interpreting the wireless telecommunication facility regulations 

of Section 30.190, this term means pole of equal proportions and of equal height or such other height 

that does not constitute a substantial modification to an existing structure in order to support wireless 

facilities or to accommodate collocation. Requires removal of the wireless support structure it re-

places. 

Riverine 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means relating to, formed by, or resembling a river (including tributaries), stream, brook, 

etc. 



Article 105 | Definitions 
Section 105.200 | Terms Beginning with “S” 

Effective October 6, 2014 page 105-25 Amendments through 11.03.2014 

Road 
Same as “street.” 

Road, Frontage 
A road that is in close proximity to and parallels a controlled access road and that is designed to pro-

vide access to lots that abut the controlled access road.  

Roof Line 
The highest point of a flat roof and mansard roof and the lowest point of a pitched roof, excluding any 

cupolas, chimneys or other minor projections.  

 Terms Beginning with “S” 

Salvage Yard 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means any nonresidential property used for the storage, collection, and/or recycling of 

any type of equipment, and including but not limited to vehicles, appliances and related machinery. 

Satellite Dish 
A device incorporating a reflective surface that is solid, open mesh, or bar-configured and is in the 

shape of a shallow dish, cone, horn, or cornucopia. It is used to transmit and/or receive radio or elec-

tronic waves between terrestrially and/or orbitally based uses.  

Schweinitz’s Sunflower (Helianthus Schweinitzii) 
A perennial aster arising from a cluster of carrot-like tuberous roots. See also Article 75. 

Schweinitz’s Sunflower Habitat Area 
Any dry and open habitats, such as roadsides, utility rights-of-way, and edges of pastures and/or 

woods. Densely vegetated woods are not included in the Schweinitz’s Sunflower Habitat Area.   

Screening 
A fence, wall, hedge, landscaping, earth berm, buffer area or any combination of these provided to 

create a visual and/or physical separation between certain land uses. Screening may be located on the 

lot line or elsewhere on the site.  

Setback 
An open generally unobstructed area that is required between buildings and lot lines. See Section 

100.050. 

Sewer, Central 
Any sewage treatment facility owned and operated by a sanitary district, a metropolitan sewage dis-

trict, a water and sewer authority, a county or municipality or a public utility. 

Sewer, Public 
Any sewage treatment facility owned and operated by the county or a municipality. 

Sign 
Any object, display or structure, or part thereof, that is used to advertise, identify, display, direct, or 

attract attention to an object person, institution, organization, business, product, service, event or 

location by any means, including words, letters, figures, design, symbols, fixtures, colors, illumina-
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tion, or projected images. The term “sign” does not include the flag or emblem of any nation, organ-

ization of nations, state, political subdivision thereof, or any fraternal, religious or civic organization; 

works of art that in no way identify a product or business; scoreboards located on athletic fields; or 

religious symbols.  

Sign Area 
The surface area measurement of a sign. See §50.110-A. 

Sign, Business Identification  
A sign that directs attention to a business, profession, or industry located upon the premises where 

the sign is displayed; to the type of products sold, manufactured or assembled; and/or to services or 

entertainment offered on said premises, but not a sign pertaining to the preceding if such activity is 

only minor and incidental to the principal use of the premises.  

Sign, Campaign or Election 
A sign that advertises a candidate or issue to be voted upon on a definite election day.  

Sign, Canopy and Awning 
A sign attached to or painted or printed onto a canopy or awning. For the purposes of the ordinance, 

the permitted size of a canopy or awning sign will be calculated on the basis of the size of the building 

wall to which the canopy is attached. It will, for measuring purposes, be considered a wall sign.  

Sign Construction 
A sign on the site of permitted development/construction activities, typically  announcing the project 

or the name of the architect, engineer, contractor, lender, or others involved in the development of 

the project.  

Sign, Directional 
A sign used to convey directions and other information for the convenience of the public. Included are 

signs designating restrooms, address numbers, hours of operation, entrances to buildings, help 

wanted, public telephone, etc. Also included are signs on private property designed to direct pedes-

trians or vehicular traffic, such as “entrance” or “exit.”   

Sign, Directory 
A sign that is used to convey directions or tenant information to pedestrians and motorists who have 

entered the site. 

Sign, Flashing 
A sign that uses an intermittent or flashing light or message to attract attention or is otherwise de-

signed or constructed to have intermittent, flashing or scrolled light emitted from it.  

Sign, Freestanding 
A sign that is attached to, erected on, or supported by some structure (such as a pole, mast, frame, or 

other structure) that is not itself an integral part of a building or other structure whose principal func-

tion is something other than the support of a sign. A sign that stands without supporting elements, 

such as "sandwich sign," is also a freestanding sign. If the message is removed from a structure that 

was originally designed and used as a sign, this structure is still considered a sign.  
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Sign, Identification 
A sign that displays only the name, address, and/or crest, or insignia, trademark, occupation or pro-

fessional of an occupant or the name of any building on the premises.  

Sign, Illuminated 
A sign that is either internally or externally illuminated.  

Sign, Internally Illuminated 
A sign where the source of the illumination is inside the sign and light emanates through the message 

of the sign, rather than being reflected off the surface of the sign from an external source. Without 

limiting the generality of the foregoing, signs that consist of or contain tubes that: 

1. Are filled with neon or some other gas that glows when an electric current passes through it, 

and 

2. Are intended to form or constitute all or part of the message of the sign, rather than merely 

providing illumination to other parts of the sign that contain the message, are also considered 

internally illuminated signs.  

Sign, Lighted 
A sign illuminated only by light cast upon the sign from an external light source.  

Sign, Luminous 
A sign lighted by or exposed to artificial lighting either by lights on or in the sign.  

Sign, Memorial (or Plaque) 
A sign designating names of buildings and/or date of erection and other items such as architect, con-

tractor, or others involved in a building’s creation, cut into or attached to a building surface.  

Sign, Monument 
A nonmetallic sign in which the bottom of the sign is flush with the ground and the vertical dimension 

is greater than the horizontal dimension.  

Sign, Nonconforming 
See Section 50.080. 

Signs, Off-Premises 
A sign that draws attention to or communicates information about a business, service, commodity, 

accommodation, attraction, or other enterprise or activity that exists or is conducted, sold, offered, 

maintained or provided at a location other than the premises where the sign is located.  

Sign, On-Premise 
A sign that draws attention to or communicates information about a business, service, commodity, 

accommodation, attraction, or other enterprise or activity that exists or is conducted, sold, offered, 

maintained, or provided on the premises where the sign is located.  

Sign Permit 
A permit issued by the administrator that authorizes the recipient to erect, move, enlarge, or sub-

stantially alter a sign.  
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Sign, Pole 
A detached sign erected and maintained on a freestanding frame, mast, or pole and not attached to 

any building but not including ground-mounted or monument signs.  

Sign, Portable 
Any freestanding sign that is not permanently affixed to the ground, or other permanent structure, 

or a sign designed to be transported including but not limited to, signs designed to be transported by 

means of wheels, signs converted to A- or T-frames; menu and sandwich board signs; balloons used 

as signs; and umbrellas used for advertising. A sign is permanently affixed to the ground if its support-

ing elements are set in a concrete base in the ground or the sign is otherwise securely fastened to the 

ground in such a manner as manifestly to indicate that the sign is intended to remain in one location 

for an indefinite period. Without limiting the generality of the foregoing, portable signs include any 

sign mounted on a trailer or on wheels.  

Sign, Projecting 
Any sign other than a wall, awning, canopy, or marquee sign that is affixed to a building and is sup-

ported only by the wall on which the sign is mounted.  

Sign, Real Estate 
A sign that is used to offer for sale, lease, or rent the premises upon which such sign is placed.  

Sign, Roof 
A sign erected or maintained in whole or in part upon or over the roof or parapet of a building.  

Sign, Vehicular 
Signs on parked vehicles visible from the public right-of-way where the primary purpose of the vehicle 

is to advertise a product or to direct people to a business or activity located on the same or nearby 

property, and said vehicles are not used in the normal day to day operations of said business. For the 

purposes of this ordinance, vehicular signs do not include business logos, identification or advertising 

on vehicles primarily used for other transportation purposes.  

Sign, Wall 
Any sign directly attached to an exterior wall of a building or dependent upon a building for its support 

with its exposed face parallel or approximately parallel to the plane of the building or structure on 

which the sign is affixed. Signs directly painted on walls are considered wall signs.  

Special Use Permit 
A permit issued by the board of adjustment that authorizes the recipient to make use of property in 

accordance with the requirements of this ordinance as well as any additional requirements imposed 

by the board of adjustment.  

Solid Waste Disposal Facility 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means any facility involved in the disposal of solid waste, as defined in NCGS 130A-

290(a)(35). 

Solid Waste Disposal Site 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means, as defined in NCGS 130A-290(a)(36), any place at which solid wastes are disposed 

of by incineration, sanitary landfill, or any other method. 
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Special Flood Hazard Area (SFHA) 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means the land in the floodplain subject to a one percent (1%) or greater chance of being 

flooded in any given year, as determined in Section 356 of this ordinance. 

Start of Construction 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term Includes substantial improvement, and means the date the building permit was issued, 

provided the actual start of construction, repair, reconstruction, rehabilitation, addition placement, 

or other improvement was within 180 days of the permit date. The actual start means either the first 

placement of permanent construction of a structure on a site, such as the pouring of slab or footings, 

the installation of piles, the construction of columns, or any work beyond the stage of excavation; or 

the placement of a manufactured home on a foundation. Permanent construction does not include 

land preparation, such as clearing, grading, and filling; nor does it include the installation of streets 

and/or walkways; nor does it include excavation for a basement, footings, piers, or foundations or the 

erection of temporary forms; nor does it include the installation on the property of accessory build-

ings, such as garages or sheds not occupied as dwelling units or not part of the main structure. For a 

substantial improvement, the actual start of construction means the first alteration of any wall, ceil-

ing, floor, or other structural part of the building, whether or not that alteration affects the external 

dimensions of the building. 

Storage, Open-Air 
The storage of goods, bulk materials or discarded items in the open or under a structure containing a 

roof but no walls.  

Stormwater 
Water runoff from land surfaces during a rainfall event. 

Stream 
A body of water flowing in a natural surface channel. Flow may be continuous or only during wet pe-

riods.  

Stream, Intermittent 
A stream or portion of a stream that flows only in direct response to precipitation. It receives little or 

no water from springs and only temporary supply from melting snows or other sources. It is dry for a 

large part of the year.  

Stream, Perennial 
A stream that flows continuously during most or all of the year.  

Street 
All publically dedicated streets and private streets and easements used to provide motor vehicle ac-

cess to lots.  

Street, Collector 
A street whose principal function is to carry traffic between local streets and arterial streets but that 

may also provide direct access to abutting properties. It generally serves or is designed to serve, di-

rectly or indirectly, more than 100 dwelling units and is designed to be used or is used to carry more 

than 800 trips per day.  
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Street, Cul-de-sac 
A street that terminates in a vehicular turn-around.  

Street, Local 
A street whose primary function is to provide access to abutting properties. It generally serves or is 

designed to serve less than 100 dwelling units and handle less than 800 trips per day.  

Street, Loop 
A street that has its beginning and ending points on the same street.  

Street Right-of-Way 
An area of land occupied or intended to be occupied by a public street, for such purpose, areas claimed 

by a municipality or the State of North Carolina for such purposes, or actually used for such purposes.  

Structure 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means a walled and roofed building, a manufactured home, or a gas, liquid, or liquefied 

gas storage tank that is principally above ground. For the purpose of administering and interpreting 

the other regulations of this ordinance, the term means anything constructed or erected.  

Structure, Accessory 
A structure separate and subordinate to the principal structure on the same lot as the principal struc-

ture used for purposes customarily incidental to the principal structure. An accessory structure may 

also be referred to as an "accessory building.”  

Structure, Principal 
A structure containing the principal use that takes place on the lot. A principal structure may also be 

referred to as a "principal building.”  

Subdivision 
All divisions of a tract of land into 2 or more lots, building sites, or other divisions when any one or 

more of those divisions are created for the purpose of sales or building development (whether imme-

diate or future) and including all divisions of land involving the dedications of a new street or a change 

in existing streets. See also the exempt subdivision provisions of Section 80.060.  

Subdivision, Major 
Any subdivision other than a minor subdivision.  

Subdivision, Minor 
Any subdivision that does not result in the creation of more than 8 lots out of a single tract since Feb-

ruary 14, 1978  

Substantial Damage 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means damage of any origin sustained by a structure during any one-year period 

whereby the cost of restoring the structure to its before damaged condition would equal or exceed 

50 percent of the market value of the structure before the damage occurred. See also definition of 

“substantial improvement.”  
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Substantial Improvement 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means any combination of repairs, reconstruction, rehabilitation, addition, or other im-

provement of a structure, taking place during any one-year period for which the cost equals or ex-

ceeds 50% of the market value of the structure before the “start of construction” of the improvement. 

This term includes structures that have incurred “substantial damage”, regardless of the actual repair 

work performed. The term does not, however, include either: (1) any correction of existing violations 

of State or community health, sanitary, or safety code specifications that have been identified by the 

community code enforcement official and that are the minimum necessary to assure safe living con-

ditions; or (2) any alteration of a historic structure, provided that the alteration will not preclude the 

structure's continued designation as a historic structure. 

Substantial Modification 
For the purpose of administering and interpreting the wireless telecommunication facility regulations 

of Section 30.190, this term means the mounting of a proposed wireless facility on a wireless support 

structure that substantially changes the physical dimensions of the support structure. A mounting is 

presumed to be a substantial modification if it meets any one or more of the following criteria: 

3. Increases the existing vertical height of the wireless support structure by (a) more than 10%, or 

the height of one additional antenna array with separation from the nearest existing antenna 

not to exceed 20 feet, whichever is greater; 

4. Adds an appurtenance to the body of a wireless support structure that protrudes horizontally 

from the edge of the wireless support structure more than 20 feet, or more than the width of 

the wireless support structure at the level of the appurtenance, whichever is greater (except 

where necessary to shelter the antenna from inclement weather or to connect the antenna to 

the tower via cable); 

5. Increases the square footage of the existing equipment compound by more than 2,500 square 

feet.  

 Terms Beginning with “T” 

Telecommunications Equipment Building 
The buildings in which the electronic receiving and relay equipment for a telecommunication facility 

is housed.  

Telecommunication Tower and Facilities 
A telecommunications facility consists of the equipment and structures (including any accessory 

structures required to house transmitting or maintenance equipment) designed to support antennae 

used for transmitting or receiving communications and data transmissions. Towers, antennas, or sim-

ilar structures installed in or attached to tops of buildings, water tanks, or similar facilities as “stealth” 

locations, are included in this definition, as well as towers that are camouflaged to resemble trees (not 

flagpoles). This definition also includes accessory buildings and related equipment required for the 

telecommunications facility. This definition does not include ham radio operations, radiobroadcast 

towers or television broadcast towers. Examples of telecommunications towers include monopoles 

and lattice construction steel structures.  
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Temporary Emergency, Construction, or Repair Residence 
A residence (that may be a Class A, B, or C manufactured home) that meets at least one of the follow-

ing criteria: 

1. Is located on the same lot as a residence made uninhabitable by fire, flood, or other natural dis-

aster and occupied by the persons displaced by such disaster;  

2. Is located on the same lot as a residence that is under construction or undergoing substantial 

repairs or reconstruction and occupied by the persons intending to live in such permanent resi-

dence when the work is completed; or  

3. Is located on a nonresidential construction site and occupied by persons having construction or 

security responsibilities over such construction site.  

Threat to Public Safety and/or Nuisance 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means anything that is injurious to the safety or health of an entire community or neigh-

borhood, or any considerable number of persons, or unlawfully obstructs the free passage or use, in 

the customary manner, of any navigable lake, or river, bay, stream, canal, or basin. 

Top of Bank 
The landward edge of the stream channel during high water or bank-full conditions at the point where 

the water begins to overflow onto the floodplain. 

Tower 
For the purpose of administering and interpreting the wireless telecommunication facility regulations 

of Section 30.190, this term means a lattice-type structure, guyed or freestanding, that supports one 

or more antennas.  

Toxic Substance 
Any substance or combination of substances (including disease causing agents), that after discharge 

and upon exposure, ingestion, inhalation, or assimilation into any organism, either directly from the 

environment or indirectly by ingestion through food chains, has the potential to cause death, disease, 

behavioral abnormalities, cancer, genetic mutations, physiological malfunctions (including malfunc-

tions or suppression in reproduction or growth) or physical deformities in such organisms or their off 

spring or other adverse health effects.  

Tract 
A lot. The term tract is used interchangeably with the term lot, particularly in the context of subdivi-

sions, where one "tract" is subdivided into several "lots." 

Transportation Plan 
The Union County Multimodal Transportation Plan.   

Travel Trailer 
A motor vehicle that is designed for temporary use as sleeping quarters but that does not satisfy one 

or more of the definitional criteria of a manufactured home.  

Trespass, Light 
Light that is emitted into an unintended area. 
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Twelve Mile Creek Wastewater Treatment Plant Service Area 
The area within unincorporated Union County that is currently or is planned to discharge sewer to the 

Twelve Mile Creek Wastewater Treatment Plant. (Note: A detailed service area map is available for 

public inspection in the office of the administrator).   

 Terms Beginning with “U” 

Use 
The activity or function that actually takes place or is intended to take place on a lot.  

Use, Principal 
The primary or predominant use of any lot. 

Utility Pole 
For the purpose of administering and interpreting the wireless telecommunication facility regulations 

of Section 30.190, this term means a structure owned and/or operated by a public utility, municipality, 

electric membership corporation or rural electric cooperative that is designed specifically for and used 

to carry lines, cables, or wires for telephone, cable television, or electricity, or to provide illumination 

of a street or site.  

 Terms Beginning with “V” 

Variance, Zoning 
A grant of permission by the board of adjustment that authorizes the recipient to do that which, ac-

cording to the strict letter of this ordinance, they could not otherwise legally do.  

Vegetation Identification Professional 
A person trained to meet industry-standard vegetation identification guidelines.  Experience required 

includes an accredited degree in a field such as botany, biology, wetland science, and over 4 years of 

experience and training in plant classification and identification. 

Vehicle, Commercial 
A truck or any type used or maintained primarily to transport material or to operate a power attach-

ment or tool. Any vehicle with advertising or business designation affixed to it will be considered a 

commercial vehicle, except for passenger vehicles having such affixations.  

Vehicle, Inoperable 
A vehicle that for a period of more than seventy-two (72) hours has been in a state of disrepair and is 

incapable of being moved under its own power.  

Vehicle, Passenger 
An automobile, van, or pick-up truck used exclusively as a passenger vehicle and/or for hauling prop-

erty of the owner. Pick-up trucks may qualify as passenger vehicles only when used exclusively as 

passenger vehicles or for hauling property of the owner and not equipped as a camper or a commer-

cial vehicle.  

Violation 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means the failure of a structure or other development to be fully compliant with the 
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community's floodplain management regulations. A structure or other development without the ele-

vation certificate, other certifications, or other evidence of compliance required in Section 394 and 

398 is presumed to be in violation until such time as that documentation is provided. 

Vehicular Use Area 
That portion of a lot that is used by vehicles for access, circulation, parking and loading and unloading. 

It comprises the total of circulation areas, loading and unloading areas, and parking areas (spaces and 

aisles).  

 Terms Beginning with “W” 

Wall, Building 
The entire surface area, including windows and doors, of an exterior wall of a building. For the pur-

poses of this ordinance, the area of a wall will be calculated for a maximum of 50 feet in height of a 

building.  

Watercourse 
A perennial or intermittent stream or other body of water, either natural or man-made, that gathers 

or carries surface water 

Water-Dependent Structure 
Any structure for which the use requires access to or proximity to or citing within surface waters to 

fulfill its basic purpose, such as boat ramps, boat houses, docks and bulkheads. Ancillary facilities such 

as restaurants, outlets for boat supplies, parking lots and commercial boat storage areas are not wa-

ter-dependent structures.  

Watershed 
The entire land area contributing surface drainage to a specific point (e.g., the water supply intake.) 

Watersheds for Union County consist of Lake Lee and Lake Twitty.  

Water and Land Resources Implementation Guidelines 
A document that describes standard technical and engineering design practices and specifications 

required for compliance with this Article.  The Union County Water and Land Resources Implementa-

tion Guidelines may be periodically revised and updated by the Union County Land Use Administra-

tor. 

Water Supply, Central  
Any water supply system owned and operated by a water supply district, a water and sewer authority, 

a county or municipality or a public utility. In addition, the definition includes all connections to such 

a system.  

Water Supply, Public 
Any water supply system owned and operated by the county or a municipality. 

Water Surface Elevation (WSE) 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means the height, in relation to mean sea level, of floods of various magnitudes and 

frequencies in the floodplains of coastal or riverine areas. 
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Watercourse 
For the purpose of administering and interpreting the flood damage protection regulations of Article 

65, this term means a lake, river, creek, stream, wash, channel or other topographic feature on or over 

which waters flow at least periodically. Watercourse includes specifically designated areas in which 

substantial flood damage may occur. For the purpose of administering and interpreting the other reg-

ulations of this ordinance, the term means any stream, river, brook, swamp, creek, run, branch, wa-

terway, reservoir, lake, or pond, natural or impounded, in which sediment may be moved or carried 

in suspension and that could be damaged by accumulation of sediment and pollutants.  

Water Tower 
For the purpose of administering and interpreting the wireless telecommunication facility regulations 

of Section 30.190, this term means a water storage tank, or a standpipe or an elevated tank situated 

on a support structure, originally constructed for use as a reservoir or facility to store or deliver water. 

Wireless Facility 
For the purpose of administering and interpreting the wireless telecommunication facility regulations 

of Section 30.190, this term means the set of equipment and network components, exclusive of the 

underlying wireless support structure, including, but not limited to, antennas, accessory equipment, 

transmitters, receivers, base stations, power supplies, cabling and associated equipment necessary 

to provide wireless telecommunications services. 

Wireless Support Structure 
For the purpose of administering and interpreting the wireless telecommunication facility regulations 

of Section 30.190, this term means a freestanding structure, such as a monopole or tower, designed 

to support wireless facilities. 

Wooded Area 
An area of contiguous wooded vegetation where trees are at a density of at least one 6-inch or greater 

caliper tree per 325 square feet of land and where the branches and leaves form a contiguous canopy.  

 Terms Beginning with “X” 
RESERVED 

 Terms Beginning with “Y” 

Yard 
An open space on the same lot with a principal building, unoccupied and unobstructed from the 

ground upward.  

Yard, Front 
An area measured between the edge of the public street right-of-way line, and the front of a building, 

projected to the side lot lines.  

Yard, Rear 
An open, unoccupied space extending the full width of the lot and situated between the rear line of 

the lot and the rear line of the building projected to the side lines of the lot.  

Yard, Side 
A space extending from the front yard to the rear yard between the principal building and the side lot 

line as measured perpendicular from the side lot line to the closest point of the principal building.  
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Yard Sale 
An outdoor sale of merchandise conducted entirely upon a residentially or institutionally developed 

lot by one or more households or civic groups where goods sold are limited primarily to used mer-

chandise donated by the yard sale participants.  

 Terms Beginning with “Z” 

Zoning Permit 
A permit issued by the administrator that authorizes the recipient to make use of property in accord-

ance with the requirements of this ordinance. 
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Article I.  Purpose 
BE IT ORDAINED by the Union County Board of Commissioners that the purpose of this Ordinance is to 
maintain and protect the public health, safety, and welfare of Union County (“County”) residents by 
establishing short and long-term demand management strategies to effectively manage the limited 
resource of the water supply in the County.  This Ordinance effectively manages the water supply in the 
County by requiring efficient and responsible use of water within the County and by establishing 
measures and procedures for reducing potable water use during times of water shortage resulting from 
drought, capacity limitations, and system emergencies. 

The water demand management strategies set forth in this Ordinance reduce the rate of increase in 
overall water use through year-round water conservation practices that maximize the County’s existing 
and planned water supply sources and reduce seasonal peak day demands that result in the need for 
costly expansion of water treatment, storage, and transmission facilities.  The implementation of 
voluntary and mandatory water reduction measures within the County water service area extends the 
available water supply with regard for domestic water use, sanitation and fire protection, and minimizes 
the adverse impacts in the event a water shortage is declared. 

This Ordinance is also designed to be in accordance with the Catawba-Wateree Low Inflow Protocol 
(“CW-LIP”) for the Catawba-Wateree River Basin.  The CW-LIP was developed pursuant to the 
Comprehensive Relicensing Agreement for the Catawba-Wateree Hydro Project (FERC Project No. 2232) 
dated December 22, 2006 (the “Relicensing Agreement”), to which Union County is a party.  The 
Relicensing Agreement establishes the CW-LIP as the agreed-upon methodology to deal with water 
shortages during periods of drought.  Thus, Union County, as a signatory to the Relicensing Agreement, 
is required to comply with the CW-LIP.  The CW-LIP establishes a policy for how Duke Energy Carolinas, 
LLC, regional water users, and other stakeholders will operate water systems during periods of drought 
by progressing through a series of staged water use restrictions during worsening drought conditions.  
The goal of the CW-LIP is to delay the point at which the Catawba River’s usable water storage is fully 
depleted and to provide additional time to allow precipitation to restore stream flow, reservoir levels, 
and groundwater levels to normal ranges. 

The Union County Water Shortage Response Plan (“WSRP”), adopted by the Union County Board of 
Commissioners on May 4, 2015, is hereby adopted and incorporated into this Ordinance by reference.  
The WSRP is also made an exhibit to this Ordinance.  An official copy of the WSRP shall be available for 
public inspection in the office of the Clerk to the Union County Board of Commissioners.  If there is any 
conflict between the WSRP and this Ordinance, the provisions of this Ordinance shall control. 
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Article II.  Applicability 
The provisions of this Ordinance apply to all persons, customers, and property utilizing water supplied 
through the County’s water utility system; however, it does not apply to reuse or reclaimed water.  
Water uses from private drinking water wells, as that term is defined in N.C.G.S. §  87-85 and ponds are 
not regulated by this Ordinance.  This Ordinance also supersedes the Union County Water Conservation 
Ordinance originally adopted by the Union County Board of Commissioners on July 13, 1992, as 
subsequently amended and/or restated by any amendments or restatements thereto. 

Article III.  Definitions 
Bona Fide Farm Use means water uses for the production and activities relating or incidental to the 
production of crops, grains, fruits, vegetables, ornamental and flowering plants, dairy, livestock, poultry, 
and all other forms of agriculture, as defined in N.C.G.S. § 106-581.1. 

County means Union County, North Carolina. 

County Manager means, for the purposes of this Ordinance, the person currently occupying the position 
of Union County Manager (which includes a County Manager with an acting or interim designation), or 
in the absence of such a person, the Executive Director of Public Works. 

Customer means a person, company, organization, or any other entity (individuals, corporations, 
partnerships, associations, and all other legal entities) using water supplied by the County’s water utility, 
or in whose name an account for water utility service is maintained by the County.  

CW-LIP means the Catawba-Wateree Low Inflow Protocol for the Catawba River Basin, as developed 
pursuant to the Relicensing Agreement. 

Essential Water Use means the use of water necessary for firefighting, health, and safety, and sustaining 
human and animal life.  Specifically, for certain types of water uses set forth below, the following is 
considered Essential Water Use: 

a. Domestic Use- Water use necessary to sustain human life and the lives of domestic pets, as 
well as to maintain minimum standards of hygiene and sanitation.   

b. Commercial Use- Water use integral to the production of goods and/or services by any 
establishment having profit as its primary aim, except as otherwise specifically prohibited by 
this Ordinance.   

c. Industrial Use- Water use in processes designed to convert materials of lower value into 
forms having greater usability and value, except as otherwise specifically prohibited by this 
Ordinance.   

d. Institutional Use-  Water use by government; public and private educational institutions, 
churches and places of worship; water utilities; and other public organizations; except as 
otherwise specifically prohibited by this Ordinance.   
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e. Health Care Facility Use- Water use in patient care and rehabilitation, including swimming 
pools used for patient care and rehabilitation, in nursing homes, and other care facilities.   

f. Public Use- Water use for firefighting, including testing and drills by a fire department if 
performed in the interest of public safety; water system operations; and water necessary to 
satisfy federal, state, and local public health, safety, or environmental protection 
requirements.   

g. Correctional Facility Use- Water use necessary to sustain human life and to maintain 
minimum standards of hygiene and sanitation. 

Non-Essential Water Use means any use of water that does not meet the definition of Essential Water 
Use. 

Ordinance refers to this Union County Water Use Ordinance. 

Rate Ordinance means the Ordinance Setting Charges, Fees, Rates and Deposits for Customers Served by 
the Union County Water and Sewer System. 

Relicensing Agreement means the Comprehensive Relicensing Agreement for the Catawba-Wateree 
Hydro Project (FERC Project No. 2232) dated December 22, 2006. 

Spray Irrigation System means a system of application of water to landscaping by means of a device, 
other than a hand-held hose or watering container, which projects water through the air in the form of 
particles or droplets. 

UCPW means the Union County Public Works Department. 

WSRP means the Water Shortage Response Plan adopted by the Union County Board of Commissioners 
on May 4, 2015. 

Article IV.  Declaration of a Water Shortage 
In the event that a water shortage of any degree occurs, as such an event triggering a water shortage is 
set forth in this Ordinance and the WSRP, the Executive Director of Public Works shall notify the County 
Manager of said water shortage.  The County Manager is authorized by this Ordinance to declare a 
water shortage, designate a water shortage stage, and implement the water use reduction measures or 
restrictions corresponding with such a stage, as such water use reduction measures or restrictions are 
outlined in this Ordinance.  The County Manager shall report the declaration of a water shortage, as well 
as the water shortage stage, to the Board of Commissioners at its next regular meeting. 

In designating any water shortage stage pursuant to this Ordinance, the County Manager may limit the 
applicability of the requirements of this Ordinance to certain sections of the County, whether by 
township or other description, as appropriate.   

The declaration of a water shortage and designation of a water shortage stage becomes effective 
immediately upon issuance by the County Manager, unless otherwise stated in such declaration.  When 
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a water shortage stage is declared or changed, the stage shall remain in effect until reduced or 
rescinded by the County Manager, upon recommendation of the Executive Director of Public Works, 
when it is deemed that the condition(s) which caused the water shortage has abated.  Any declaration 
of a water shortage, or any designated change in a water shortage stage, shall be promptly and 
extensively publicized in a manner corresponding with the updated and current designated stage, in the 
manner of notification set forth in the WSRP. 

Article V.  Determination of a Water Shortage 
A water shortage refers to a condition that exists when the demands and requirements of water 
Customers served by the Union County water system cannot be satisfied without depleting the available 
supply of treated water or the available water supply to or below a critical level; i.e., the level at which 
water is available for Essential Water Use.  Conditions contributing to a water shortage may include, but 
are not limited to, the following: 

• Resource Limitations 
• Capacity Limitations 
• System Emergencies 

A water shortage stage is determined by the criteria set forth in the WSRP, or as otherwise provided in 
this Ordinance. 

Article VI.  Water Shortage Stage Measures and Restrictions 

A. Year-Round Water Conservation (Stage 0 Water Shortage) 
This Ordinance establishes the implementation of mandatory and voluntary year-round water use 
restrictions and conservation measures.  These water use restrictions and water conservation measures 
are in effect under normal conditions and will serve as Stage 0 Water Shortage restrictions (Stage 0 
Water Shortage is the minimum water shortage stage that will always be in effect in the County if there 
is no declaration of a heightened stage).   In the event a Stage 0 Water Shortage is in place, all 
Customers shall be required to adhere to the following mandatory water use restrictions:   

Mandatory Water Use Restrictions 

• Customer Spray Irrigation System use shall be limited to three (3) days per week.   
• Customers shall at all times comply with the Spray Irrigation System schedule for use set forth in 

the declaration of water shortage stage and in the WSRP. 

Those Customers using drip irrigation or any handheld water methods are still allowed to water any day 
and time.  Customers regularly engaged in the sale of plants, shrubbery, trees, and flowers are 
permitted to use water by any method at any time for irrigation of their commercial stock. 

Voluntary water conservation measures for this water shortage stage, as described in the WSRP, shall 
also be encouraged, but not required.   
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B. MODERATE Water Shortage (Stage 1 Water Shortage) 
In the event a Stage 1 Water Shortage is declared, all Customers shall be required to adhere to the 
following mandatory water use restrictions:  

Mandatory Water Use Restrictions 

• Comply with all Stage 0 Water Shortage Mandatory Water Use Restrictions.   
• The transport of water from within the County to outside of the County where such water has 

been drawn by tanker truck from a hydrant of the County water utility system is prohibited; 
provided, however, that transport outside of the County shall be allowed for emergency fire 
protection and Bona Fide Farm Uses. 

Those Customers using drip irrigation or any handheld water methods are still allowed to water any day 
and time.  Customers regularly engaged in the sale of plants, shrubbery, trees, and flowers are 
permitted to use water by any method at any time for irrigation of their commercial stock. 

Voluntary water conservation measures, as described for this water shortage stage in the WSRP, shall 
also be encouraged, but not required. 

C. SEVERE Water Shortage (Stage 2 Water Shortage) 
In the event a Stage 2 Water Shortage is declared, all Customers shall be required to adhere to the 
following mandatory water use restrictions:  

Mandatory Water Use Restrictions 

• Comply with all Stage 1 Water Shortage Mandatory Water Use Restrictions.   
• Limit Spray Irrigation System use to no more than two (2) days per week and only between the 

hours of 12:00 a.m. until 8:00 a.m. and 8:00 p.m. until 12:00 a.m., on the days identified in the 
WSRP 

• Eliminate personal vehicle washing unless using a commercial carwash. 
• Eliminate the filling of new swimming pools and fountains (unless considered Essential Water 

Use as defined herein). 
• Eliminate public building, sidewalk, and street washing activities (unless considered Essential 

Water Use as defined herein). 
• Limit construction uses of water (e.g. dust control) 
• Limit flushing and hydrant testing programs, except as necessary to maintain water quality and 

in other special circumstances. 
 
Those Customers using drip irrigation or any handheld water methods are still allowed to water any day 
and time.  Customers regularly engaged in the sale of plants, shrubbery, trees, and flowers are 
permitted to use water by any method at any time for irrigation of their commercial stock. 
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Unless otherwise declared mandatory, Customers are encouraged, but not required, to implement 
voluntary water conservation measures set forth for a Stage 1 Water Shortage in the WSRP. 

D. EXTREME Water Shortage (Stage 3 Water Shortage) 
In the event a Stage 3 Water Shortage is declared, all Customers shall be required to adhere to the 
following mandatory water use restrictions:   

Mandatory Water Use Restrictions 

• Comply with all Stage 2 Water Shortage Mandatory Water Use Restrictions, unless a more 
stringent requirement is imposed below.   

• Limit Spray Irrigation System use to no more than one (1) day per week and only between the 
hours of 12:00 a.m. until 8:00 a.m. and 8:00 p.m. until 12:00 a.m., on the day identified in the 
WSRP. 

• Eliminate the filling of all swimming pools, hot tubs, fountains, and decorative ponds (except 
when necessary to support aquatic life or considered Essential Water Use as defined herein). 

• Eliminate construction uses of water (e.g. dust control)  
• Eliminate flushing and hydrant testing programs, except as necessary to maintain water quality 

and in other special circumstances. 
• Eliminate the serving of drinking water from the County water system in restaurants, cafeterias, 

and other food establishments (except upon patron request). 
• Eliminate variances for landscape irrigation. 

 
Those Customers using drip irrigation or any handheld water methods are still allowed to water any day 
and time.  Customers regularly engaged in the sale of plants, shrubbery, trees, and flowers are 
permitted to use water by any method at any time for irrigation of their commercial stock, but only in 
amounts necessary to prevent the loss of their commercial stock. 

Voluntary water conservation measures, as described for this water shortage stage in the WSRP, shall 
also be encouraged, but not required. 

E.  EXCEPTIONAL Water Shortage (Stage 4 Water Shortage) 
In the event a Stage 4 Water Shortage is declared, all Customers shall be required to adhere to the 
following mandatory water use restrictions:  

Mandatory Water Use Restrictions 

• Comply with all Stage 3 Water Shortage Mandatory Water Use Restrictions, unless a more 
stringent requirement is imposed below.  

• Prohibit all Non-Essential Water Use as defined herein (including the prohibition of all 
residential irrigation, irrigation of commercial stock, and filling of ponds to sustain aquatic life).   

• Prohibit the use of water outside a structure for any use other than a fire emergency. 
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• Require the use of disposable utensils and plates at all restaurants, cafeterias, and other food 
establishments. 

Voluntary water conservation measures, as described for this water shortage stage in the WSRP, shall 
also be encouraged, but not required. 

Article VII.  Additional Water Use Regulation Authority 
The County Manager, acting in the best interests of the health, safety, and welfare of the citizens of 
Union County, may further regulate water usage on the following bases:  (i) time of day; (ii) day of week; 
(iii) Customer type, including, without limitation, residential, commercial, industrial, and institutional 
uses; and (iv) physical attribute, such as address.   

Article VIII.  Water Conservation Rates 
During a declared water shortage due to resource or capacity limitations, water rates increase to ensure 
adequate operating revenue and to encourage conservation.  Rate increases are not utilized in response 
to a system emergency water shortage condition.  The rates for all user types are defined in the Rate 
Ordinance.  Customers will be charged the rates established in the then current Rate Ordinance 
corresponding to the water shortage stage in effect at the time bills are rendered.  If a system 
emergency occurs while in a water shortage situation, the rates applied shall be those corresponding to 
the current water shortage response due to resource or capacity limitations. 

Article IX.  Compliance Required in the Event of Water Supply Shortage 
In addition to any other violation of law prescribed in this Ordinance, if the County Manager declares a 
water shortage stage as described in this Ordinance, it shall be unlawful for any person, firm or 
corporation to use or permit the use of water from the County water system in a manner inconsistent 
with the provisions of this Ordinance. 

Article X.  Enforcement and Penalties 
A. Compliance with the provisions of this Ordinance shall be enforced by UCPW personnel, 

independent contractors engaged by UCPW for such purpose, and such other personnel as 
designated by the County Manager. 
 

B. The use of water from the County water system by a Customer in violation of any mandatory water 
use restriction at any water shortage stage imposed pursuant to this Ordinance is unlawful.  Further, 
the refusal or failure of a Customer or other person acting on the Customer's behalf to cease 
immediately a violation of a water use restriction, after being directed to do so by a person 
authorized to enforce the provisions of this Ordinance, is unlawful.  Each Customer is responsible for 
any use of water that passes through the service connection associated with the Customer's account 
or otherwise passes through the Customer's private water system. 
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C. Any Customer who violates, or permits the violation of, any mandatory water use restriction 
imposed pursuant to this Ordinance shall be subject to civil penalties and/or termination of service 
as follows in the table below: 

 

 *Includes termination of service 

Each day that a violation of a mandatory water use restriction occurs or continues to occur after 
delivery of notice pursuant to subarticle (H) below shall be considered a separate and distinct 
violation. 
 

D. Violations shall be accumulated by Customers on a calendar year basis for purposes of accrual of 
civil penalties.  For example, a second violation of a Stage 1 Water Shortage water use restriction by 
a Customer during a calendar year shall result in a civil penalty of one hundred dollars ($100), but 
the next subsequent violation, if incurred by that same Customer during the following calendar year, 
shall result in a warning for a first violation.  Notwithstanding the foregoing, the Customer shall 
remain liable for payment of all civil penalties regardless of when accrued.  Violations of any 
mandatory water use restrictions of any water shortage stage shall accumulate with violations of 
other stages. Should a Customer move, or cease and renew service, during a calendar year, the 
Customer's violations shall continue to accumulate as if such move or cessation had not occurred. 

 
E. Each civil penalty associated with a first, second, or third violation and assessed against a Customer 

pursuant to this Ordinance shall be added to the Customer's water bill and shall be paid in the same 
manner as the payment of water bills.  A Customer’s partial payment of a water bill shall be applied 
first to satisfaction of the civil penalties.  Failure to pay all or any portion of a water bill, including 

Stage Union County 
Designation 

1st 
Violation 

2nd 
Violation 

3rd 
Violation 

4th 
Violation 

5th and 
Additional 
Violations 

0 Year-Round Water 
Conservation Warning Warning $250 $500* $1000* 

1 Moderate Water 
Shortage Warning $100 $500 $500* $1000* 

2 Severe Water 
Shortage Warning $200 $500 $500* $1,000* 

3 Extreme Water 
Shortage $100 $500 $750 $1000* $1,500* 

4 Exceptional 
Shortage Emergency $200 $500 $1,000 $1,000* $2,000* 
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any civil penalty assessed pursuant to this Ordinance, by the due date indicated on the bill may 
result in the termination of water service. 

 
F. Each civil penalty associated with a fourth or subsequent violation and assessed against a Customer 

pursuant to this Ordinance shall be added to the Customer’s water bill, but shall be payable within 
ten (10) calendar days of delivery of notice of violation.  Failure to pay all or any portion of a civil 
penalty associated with a fourth or subsequent violation assessed pursuant to this Ordinance by the 
tenth day following delivery of the notice of violation shall result in termination of water service, 
unless such action is stayed pending appeal. 

 
G. The violation of any water use restriction or provision of this Ordinance may be enforced by all 

remedies authorized by law for noncompliance with County ordinances, including without limitation 
the assessment of a civil penalty and action for injunction, order of abatement or other equitable 
relief; provided, however, that no violation of any water use restriction or provision of this 
Ordinance shall be a basis for imposing any criminal remedy.  The Board of Commissioners may 
release billing information, as such term is defined in N.C.G.S. 132-1.1(c), of Customers who violate, 
or have violated, the provisions of this Ordinance, when the Board in its sole discretion and acting 
pursuant to N.C.G.S. 132-1.1(c)(2), determines that the release of such billing information during 
times of mandatory water conservation is necessary to assist the County to maintain the integrity 
and quality of services it provides. 

 
H. UCPW shall send notice of first, second, and third violations to the Customer by regular U.S. mail at 

the Customer’s billing address on file with UCPW.  Such notice shall be deemed to have been 
delivered three days from the date mailed.  In the event of a fourth or subsequent violation, UCPW 
shall send notice of the violation and intent to terminate water service by regular U.S. mail and by 
certified mail, return receipt requested, to the Customer’s billing address on file with UCPW.  Such 
notice shall be deemed to have been delivered on the earlier of (i) three days from the date of 
mailing by regular U.S. mail, or (ii) the date indicated on the return receipt. 

 
I. The notice of violation shall specify the following: 

 
1. The nature of the violation and the date and time it occurred; 
2. The method by which payment of any civil penalty may be paid, including a statement indicating 

that it will be included on the Customer’s next water bill; 
3. A warning that additional or continued violations may result in increased penalties, including 

termination of water service; 
4. A warning that failure to pay a water bill, including any civil penalty assessed pursuant to this 

Ordinance, may result in termination of water service;  
5. The telephone number at UCPW where the Customer may direct any questions or comments; 

and 
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6. Information indicating the manner in which the Customer may appeal a violation or a pending 
termination pursuant to Article XII of this Ordinance.  

Article XI.  Termination of Service 
In addition to the payment of any civil penalty assessed pursuant to Article X of this Ordinance, a 
Customer shall be subject to termination or restriction of water service following four (4) or more 
violations of any water use restrictions or other provision imposed pursuant to this Ordinance.  Water 
service will not be restored at such service connection until the Customer  pays all the Customer's 
outstanding obligations, including, without limitation, all charges for water service, all civil penalties and 
other fees charged in accordance with the provisions of this Ordinance, and the current disconnect 
processing fee.  In the event water service is terminated a second time for violations pertaining to use of 
water obtained by the Customer through an irrigation meter, service to such irrigation meter shall 
remain terminated for the remainder of the calendar year.  A Customer may appeal such a termination 
of service pursuant to Article XII of this Ordinance. 

Article XII.  Appeals  
A Customer who receives a notice of violation for a first, second, or third violation may appeal the 
violation by written notice to UCPW indicating through supporting documentation the factual basis for 
the Customer’s position that either (i) the violation was issued in error, or (ii) the Customer had no 
opportunity to prevent the violation.  The appeal must be delivered to UCPW at the specified address 
within fifteen (15) calendar days of delivery of the notice of violation.  The Executive Director of Public 
Works or his/her designee shall conduct such review of the appeal as may be necessary to determine 
whether the documentation provided by the Customer supports the Customer’s assertion that the 
violation was issued in error or the Customer had no opportunity to prevent the violation.  The 
Executive Director of Public Works or his/her designee shall respond in writing within twenty (20) 
business days of receipt of the appeal. 

A Customer who receives a notice of violation for a fourth or subsequent violation of the Ordinance 
indicating that the Customer’s water service is subject to termination pursuant to this Article may 
appeal the pending termination of water service by filing a written notice of appeal with the Executive 
Director of Public Works, or in absence, his or her designee.  The notice of appeal must be delivered to 
UCPW at the specified address within ten (10) calendar days from delivery of the notice of violation and 
must include a copy of the notice of violation being appealed.  A hearing shall be held on such appeal 
within ten (10) business days of UCPW’s receipt of the notice of appeal, or by such other date as 
mutually agreed upon by UCPW and the Customer. 

Article XIII.  Variances 
 

A. UCPW is authorized to issue variances in accordance with this Article permitting any Customer 
satisfying the requirements of this Article to use water for a purpose that would otherwise be 
prohibited by water use restrictions then in effect. 
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B. UCPW may issue  variances during Stage 0, Stage 1 and Stage 2 provided that each of the following 

conditions is satisfied:  (i) the Customer applies for a variance using forms provided by UCPW; (ii) the 
Customer pays a variance registration fee in such amount as determined by the Executive Director 
of Public Works, not to exceed fifty dollars ($50.00); (iii) the application pertains to a new lawn 
and/or landscape installed incident to new construction, or to newly installed replacement sod, 
complete reseeding, or natural ground cover within the parameters of an established lawn; (iv) if 
pertaining to new lawn and/or landscape installed incident to new construction, the Customer 
applies for a variance either before issuance of a certificate of occupancy or within ninety (90) days 
after issuance of a certificate of occupancy relative to this new construction; and (v) the Customer 
submits with the application such supporting documentation as required by UCPW to substantiate 
that these conditions have been satisfied. 
 

C. Upon receipt of a variance from UCPW, the Customer may be permitted to water such newly 
installed lawn and/or landscape, or such newly installed replacement sod, complete reseeding, or 
natural ground cover, for a period not to exceed forty-five (45) days from the date of issuance of the 
variance.  During the period that the variance is in effect, the Customer shall post signage provided 
by UCPW to signify the Customer’s temporary exempt status from water use restrictions otherwise 
in effect.  The Customer shall post such sign within two (2) feet of the driveway entrance.  In any 
variance issued pursuant to this Article, UCPW may impose such conditions and restrictions as are 
appropriate to require that water used from the County water system be minimized to the extent 
practical. 

 
D. Variances issued pursuant to this Article shall terminate upon the earlier occurrence of the 

following:  (i) forty-five (45) days from the date of issuance; or (ii) declaration by the County 
Manager of a Stage 3 or State 4 Water Shortage.  In addition, the County Manager may, upon the 
recommendation of the Executive Director of Public Works, direct that UCPW cease issuance of new 
variances in the event it is determined that further issuance will likely result in increased demand 
that will equal or exceed the treatment and/or transmission capacity  of the system or portions 
thereof. 
 

E. Any Customer receiving a variance pursuant to this Article who violates the terms thereof shall be 
subject to a civil penalty pursuant to Article X(C) of this Ordinance and to revocation of the variance.  
Any person who has violated the terms of any variance issued pursuant to this Article or any 
mandatory water use restrictions imposed pursuant to this Ordinance may be denied a variance, 
notwithstanding any provision of this Article to the contrary. 
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Article XIV.  Irrigation Systems Requirements 

A. All non-residential accounts shall have a separate service for irrigation which is metered 
separately.  All residential properties platted and recorded after July 1, 2009, are required by 
N.C.G.S. § 143-355.4 to have a separate meter for in-ground irrigation systems. 
 

B. Irrigation systems shall not be allowed to operate during periods of rainfall. 
 

C. All automatic Spray Irrigation Systems with a timer shall be equipped with rain sensors as 
approved by Union County.  Rain sensors shall be activated to prevent the Spray Irrigation 
System from operating after one fourth (1/4) inch of rain has fallen. 

Article XV.  Maintenance of Spray Irrigation Systems 

A. The County recognizes that irrigation systems utilizing water from the County water system 
should be properly maintained in order to maximize efficiency and prevent waste.  Additionally, 
the County recognizes that such maintenance may occur on days and at such times as would 
otherwise be prohibited under this Ordinance and the WSRP.  However, during the period that a 
Stage 2 or Stage 3 Water Shortage is in effect, existing irrigation systems may be operated on 
such days and at such times as would otherwise be prohibited, provided that all of the following 
requirements are satisfied.  

1. Such operation must be incident to bona fide maintenance and/or repair of an existing 
irrigation system performed by a professional irrigation contractor in the business of 
performing such work.  UCPW may require registration of such contractors, and may 
require on a given project that the contractor establish, to the satisfaction of UCPW, the 
need for such maintenance or repair. 

2. The irrigation contractor shall post signage provided by UCPW at the drive entrance to 
the property during such time, and only such time, that maintenance and/or repair 
services are being provided.  Such signs shall be at all times the property of UCPW, and 
UCPW may charge a reasonable fee for provision of signs.  The irrigation contractor shall 
not transfer, loan, or otherwise allow use of UCPW signs by anyone other than 
employees of the irrigation contractor and shall immediately report any lost or stolen 
signs to UCPW. 

3. The irrigation contractor shall remain on-site at all times while the irrigation system is in 
operation for maintenance and/or repair. 

 
B. Any irrigation contractor who violates the requirements of this Article shall be subject to a civil 

penalty in the amount of five hundred dollars ($500) and shall forfeit the opportunity afforded 
pursuant to this Article to provide maintenance and/or repair of irrigation systems during dates 
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and times that watering is prohibited by a Stage 2 or Stage 3 Water Shortage declaration.   In the 
event an irrigation contractor fails to comply with these requirements, UCPW shall send notice 
of violation indicating imposition of the civil penalty and demanding return of the UCPW signs 
assigned to him.  Such notice shall be sent by certified mail, return receipt requested, to the 
contractor’s billing address on file with UCPW. 

 
C. An irrigation contractor who receives a notice of violation may appeal such decision by filing a 

written notice of appeal with the Executive Director of Public Works, or his or her designee.  The 
notice of appeal must be delivered to the Executive Director of Public Works or his/her designee 
within ten (10) calendar days from delivery of the notice of violation and must include a copy of 
the notice of violation being appealed.  A hearing shall be held on such appeal within ten (10) 
business days of receipt of the notice of appeal, or by such other date as mutually agreed upon 
by the Executive Director of Public Works, or his/her designee, and the contractor. 

Article XVI.  Severability 
If any article, section, subdivision, subarticle, clause, or provision of this Ordinance shall be adjudged 
invalid, such adjudication shall apply only to such article, section, subdivision, subarticle, clause, or 
provision so adjudged, and the remainder of this Ordinance may be declared valid once effective. 

Article XVII.  Effective Date 
This Ordinance is effective upon adoption by the Union County Board of Commissioners on this the 4TH 
day of May, 2015. 
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Section 1.0 - Purpose 
The purpose of this Water Shortage Response Plan (“Plan”) is to maintain and protect the 
public health, safety and welfare of Union County (“County”) residents by establishing short 
and long-term demand management strategies to effectively manage the limited resource of 
the water supply in the County.  This Plan aids in effectively managing the water supply in the 
County by requiring efficient and responsible use of water within the County and by 
establishing measures and procedures for reducing potable water use during times of water 
shortage resulting from drought, capacity limitations, and system emergencies.   

The water demand management strategies set forth in this Plan reduce the rate of increase in 
overall water use through year-round water conservation practices that maximize the County’s 
existing and planned water supply sources and reduce seasonal peak day demands that result 
in the need for costly expansion of water treatment, storage, and transmission facilities.  The 
implementation of voluntary and mandatory water reduction measures within the Union 
County water utility service area extends the available water supply with regard for domestic 
water use, sanitation and fire protection, and minimizes the adverse impacts in the event a 
water shortage is declared. 

This Plan is also designed to be in accordance with the Catawba-Wateree Low Inflow Protocol 
(“CW-LIP”) for the Catawba-Wateree River Basin.  The CW-LIP was developed pursuant to the 
Comprehensive Relicensing Agreement for the Catawba-Wateree Hydro Project (FERC Project 
No. 2232) dated December 22, 2006 (the “Relicensing Agreement”), to which Union County is a 
party.  The Relicensing Agreement establishes the CW-LIP as the agreed-upon methodology to 
deal with water shortages during periods of drought.  Thus, Union County, as a signatory to the 
Relicensing Agreement, is required to comply with the CW-LIP.  The CW-LIP establishes a policy 
for how Duke Energy Carolinas, LLC, regional water users, and other stakeholders will operate 
water systems during periods of drought by progressing through a series of staged water use 
restrictions during worsening drought conditions.  The goal of the CW-LIP is to delay the point 
at which the Catawba River’s usable water storage is fully depleted and to provide additional 
time to allow precipitation to restore stream flow, reservoir levels and groundwater levels to 
normal ranges.   

As a publicly owned water system, the operation of the County’s water utility system is subject 
to N.C.G.S. § 143-355(l) and N.C.G.S. § 143-355.2, requiring an approved Water Shortage 
Response Plan as part of the Local Water Supply Plan.  A Water Shortage Response Plan must 
include specific requirements as set forth in rules governing water use during droughts and 
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water emergencies (15A NCAC § 02E.0607) and Article 38 of Chapter 143 of the North Carolina 
General Statutes.  The Union County Water Use Ordinance (the “Ordinance”) authorizes the 
implementation of this Plan and incorporates this Plan into the Ordinance. 

Section 2.0 - Applicability 
The provisions of this Plan apply to all persons, customers, and property utilizing water supplied 
through the County’s water system; however, it does not apply to reuse or reclaimed water.  
This Plan also does not apply to private drinking water wells, as that term is defined in N.C.G.S. 
§ 87-85, or ponds.      

Section 3.0 - Definitions  
Bona Fide Farm Use  means water uses for the production and activities relating or incidental to 
the production of crops, grains, fruits, vegetables, ornamental and flowering plants, dairy, 
livestock, poultry, and all other forms of agriculture, as defined in N.C.G.S. § 106-581.1. 

County means Union County, North Carolina 

County Manager means, for the purposes of this Plan, the person currently occupying the 
position of Union County Manager (which includes a County Manager with an acting or interim 
designation), or in the absence of such a person, the Executive Director of Public Works. 

Customer means a person, company, organization, or any other entity (individuals, 
corporations, partnerships, associations, and all other legal entities) using water supplied by the 
County’s water utility, or in whose name an account for water utility service is maintained by 
the County.  

CW-LIP means the Catawba-Wateree Low Inflow Protocol for the Catawba River Basin, as 
developed pursuant to the Relicensing Agreement. 

Duke Energy means Duke Energy Carolinas, LLC and any successor in interest entity. 

Essential Water Use means the use of water necessary for firefighting, health, and safety, and 
sustaining human and animal life.  Specifically, for certain types of water uses set forth below, 
the following is considered Essential Water Use: 

a. Domestic Use- Water use necessary to sustain human life and the lives of domestic 
pets, as well as to maintain minimum standards of hygiene and sanitation.   
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b. Commercial Use- Water use integral to the production of goods and/or services by 
any establishment having profit as its primary aim, except as otherwise specifically 
prohibited by this Plan.   

c. Industrial Use- Water use in processes designed to convert materials of lower value 
into forms having greater usability and value, except as otherwise specifically 
prohibited by this Plan.   

d. Institutional Use- Water use by government; public and private educational 
institutions; churches and places of worship; water utilities; and other public 
organizations, except as otherwise specifically prohibited by this Plan.   

e. Health Care Facility Use- Water use in patient care and rehabilitation, including 
swimming pools used for patient care and rehabilitation, in nursing homes, and 
other care facilities.   

f. Public Use- Water use for firefighting, including testing and drills by a fire 
department if performed in the interest of public safety; water system operations; 
and water necessary to satisfy federal, state, and local public health, safety, or 
environmental protection requirements.   

g. Correctional Facility Use- Water use necessary to sustain human life and to maintain 
minimum standards of hygiene and sanitation. 

MGD means million gallons per day. 

Non-Essential Water Use means any use of water that does not meet the definition of Essential 
Water Use. 

Ordinance means the current Union County Water Use Ordinance. 

Plan means this Water Shortage Response Plan. 

Rate Ordinance means the Ordinance Setting Charges, Fees, Rates and Deposits for Customers 
Served by the Union County Water and Sewer System. 

Relicensing Agreement means the Comprehensive Relicensing Agreement for the Catawba-
Wateree Hydro Project (FERC Project No. 2232) dated December 22, 2006. 

Spray Irrigation System means a system of application of water to landscaping by means of a 
device, other than a hand-held hose or watering container, which projects water through the 
air in the form of particles or droplets. 

UCPW means the Union County Public Works Department. 
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US Drought Monitor means a website hosted and maintained by the National Drought 
Mitigation Center that indicates what parts of the country are in a drought and the severity of 
such droughts. 

Section 4.0. -  Declaration and Implementation 

The County Manager, upon notification from the Executive Director of Public Works of a water 
shortage as described in this Plan and the Ordinance, is authorized by the Ordinance to declare 
a water shortage, designate a water shortage stage, and implement the water use reduction 
measures or restrictions corresponding with such a stage, as such measures and restrictions are 
outlined in this Plan and the Ordinance.  The County Manager, the Executive Director of Public 
Works, and UCPW are responsible for the implementation of this Plan. 

Current Contact Information: 
County Manager     Executive Director of Public Works 
Ms. Cynthia Coto, ICMA-CM    Mr. Edward Goscicki, PE 
500 North Main Street, Suite 918   500 North Main Street, Suite 600 
Monroe, NC 28112     Monroe, NC 28112 
Phone:  704-292-2625     Phone: 704-296-4212 
Email:  cindy.coto@co.union.nc.us   Email: Edward.goscicki@unioncountync.gov 

Section 5.0. - Notification 
When a water shortage has been declared, and whenever the water shortage stage changes, 
the County Manager will notify the Board of County Commissioners at its next regular meeting.  
At a minimum, the following notification options will be used to notify Customers of required 
response measures when a water shortage stage is declared or changed (based upon the new 
stage): 

Stages 0 and 1 

• County website (www.co.union.nc.us) 
• County employee email announcements 
• Social media 
• Utility bill inserts 

Stage 2 

• County website (www.co.union.nc.us) 
• County employee email announcements 

mailto:cindy.coto@co.union.nc.us
mailto:Edward.goscicki@unioncountync.gov
http://www.co.union.nc.us/
http://www.co.union.nc.us/
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• Social media 
• Utility bill inserts  
• Press releases to local television, radio, and/or print media 

Stages 3 and 4 

• County website (www.co.union.nc.us)  
• County employee email announcements 
• Social media 
• Utility bill inserts 
• Press releases to local television, radio, and/or print media 
• Reverse 911 Notification System, if such system is currently available to UCPW 

Additional means of notification may be used including, but not limited to,: 

• Independent mailings to Customers outside of utility bills 
• Take-home fliers at Union County Public Schools 
• County vehicle magnets 

Section 6.0 -  Determination of a Water Shortage  
A water shortage is a condition that exists when the demands and requirements of water 
Customers served by the Union County water system cannot be satisfied without depleting the 
available supply of treated water or the available water supply to or below a critical level; i.e., 
the level at which water is available for Essential Water Use. 

Providing a reliable supply of water requires being prepared for water shortages of varying 
severity and duration, which may be caused by conditions such as drought, exceeding plant 
capacity, water quality problems, or disruptions in facility operations.  For this Plan, water 
shortage conditions specific to the County have been categorized into three types:  Resource 
Limitations, Capacity Limitations, and System Emergencies. 

Prescribed indicators determine the severity or stage of a water shortage.  These indicators are 
based on the ability of the County to meet water demands and are influenced by several 
components of the County’s water supply system:  the water source, raw water intake and 
pipeline, treatment plant, storage tanks, and distribution system.  When a specific indicator’s 
criterion is met, the corresponding water shortage stage is recommended and declared.   

In determining a water shortage stage and the corresponding restrictions, consideration will be 
given, as applicable, to water shortage levels and available sources of supply, available usable 

http://www.co.union.nc.us/
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storage on hand, draw-down rates, the projected supply capability, outlook for precipitation, 
daily water use patterns, and availability of water from other sources. 

A summary of indicators for five water shortage stages, from a Stage 0 Water Shortage (year-
round water conservation) to a Stage 4 Water Shortage (water shortage emergency), are 
summarized for each type of water shortage in the following sections.  These water shortage 
stages are intended to achieve system-wide water use reductions.  If multiple indicators are 
met for more than one type of water shortage stage, the more severe of the indicators 
provided will determine the stage to be declared.  For example, if Duke Energy, through the 
CW-LIP, declares a Stage 1 Water Shortage and other conditions cause the County to be in a 
Stage 2 Water shortage, then a Stage 2 Water Shortage will be declared until the County 
recovers from the Stage 2 Water Shortage or a more severe stage is declared. 

It is possible that water shortage stages may not necessarily be implemented sequentially if 
water supply and/or demand conditions worsen rapidly.  Likewise, recovery of water shortage 
stages may not always occur sequentially, depending on how quickly supply and/or demand 
conditions improve. 

Section 6.1 - Resource Limitations 
The County receives approximately 80% of its water from the Catawba River, which is 
dependent primarily on rainfall for replenishment.  This leaves the County vulnerable to 
extended deficiencies in precipitation, known as drought, which can deplete the reservoirs 
along the Catawba River and impact the amount of water available for the County to withdraw.  
Drought can also have a significant impact on the lifestyle, ecology, and agriculture of a region.  
It is important in times of drought, when Customers often use more water than average, for the 
County to more closely monitor and control water usage to ensure the adequate short-term 
availability of water as well as to protect the environment.  

CW-LIP 
As a joint-owner of a large water intake located on the main stem of the Catawba River, Union 
County participated in Duke Energy’s Federal Energy Regulatory Commission (FERC) relicensing 
process for the Catawba River and became a signatory stakeholder for the Relicensing 
Agreement.  The Relicensing Agreement established rules and guidelines for how the Catawba-
Wateree River system will be operated for the next fifty years, ending in year 2058.  One major 
element of the Relicensing Agreement is the implementation of the CW-LIP, which establishes a 
policy for how Duke Energy and other Catawba River stakeholders will operate during periods 
of drought.  This CW-LIP requires regional water users to move through a series of staged water 
use restrictions during worsening drought conditions.  The goal of the CW-LIP is to delay the 
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point at which the Catawba-Wateree River system’s usable water storage is fully depleted and 
provide additional time to allow precipitation to restore stream flow, reservoir levels, and 
groundwater levels to normal ranges.  As a signatory stakeholder, Union County has agreed to 
comply with the prescribed requirements defined in the CW-LIP.   

The CW-LIP describes indicators defined by worsening hydrologic conditions.  These indicators 
use specific measurements to determine the various water shortage stages of low inflow 
conditions or water shortages.  A summary of indicators for the various water shortage stages is 
provided in the table below.  When Duke Energy declares a water shortage stage based on the 
CW-LIP indicators, the County shall also declare the same stage, or a more severe stage if other 
conditions apply in the County. 

CW-LIP Indicators 

1 The ratio of Remaining Usable Storage to Total Usable Storage at a given point in time. 
2 The sum of the rolling 6-month average for the Monitored United States Geological Survey (“USGS”) 

Streamflow Gages as a percentage of the period of record rolling average for the same historical 6-
month period for the Monitored USGS Streamflow Gages. 

3 Stage 0 is triggered when any two of the three indicator points are reached. 
 

During recovery from a water shortage stage, the progression of stages will be reversed.  All 
three indicator points identified on the above table for the lower water shortage stage must be 
met or exceeded before returning to that lower stage (except as indicated in the table above 
regarding a Stage 0 Water Shortage). 

North Carolina Drought Management Advisory Council 
The North Carolina Drought Management Advisory Council (“NCDMAC”) has statutory authority 
and is responsible for issuing drought advisories tailored to local conditions.  The NCDMAC can 
issue drought classification and response actions by county.  If the US Drought Monitor of North 

Stage Storage Index 1  
US Drought 

Monitor 3-Month 
Numeric Average 

 

Stream Gage 6-Month 
Rolling Average as a 

percent of the Historical 
Average2 

03 90% < SI < 100% TSI  DM ≥ 0  ≤ 85% 

1 75% < SI ≤ 90% TSI and DM ≥ 1 or ≤ 78% 

2 57% < SI ≤ 75% TSI and DM ≥ 2 or ≤ 65% 

3 42% < SI ≤ 57% TSI and DM ≥ 3 or ≤ 55% 

4 SI ≤ 42% TSI and DM ≥ 4 or ≤ 40% 
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Carolina shows more than one drought designation in a county, the drought classification for 
the county is the highest drought designation that applies to at least twenty five percent (25%) 
of the land area of the county. 

The NCDMAC may recommend a drought designation for a county that is different from the 
designation based on the U.S. Drought Monitor of North Carolina if the depiction of drought 
does not accurately reflect localized conditions.  In recommending a drought designation that 
differs from the U.S. Drought Monitor designation, NCDMAC will consider stream flows, ground 
water levels, the amount of water stored in reservoirs, weather forecasts, the time of year and 
other factors that are relevant to determining the location and severity of drought conditions.  
The NCDMAC makes recommendations that the County will take into consideration.  When the 
NCDMAC declares a water shortage stage, the County shall also declare the same stage, or a 
more severe stage, if other conditions apply in the County. 

Section 6.2 - Capacity Limitations 
A water treatment plant’s capacity is designed to meet the distribution system’s anticipated 
maximum daily demand at a relatively constant flow rate with storage tanks in the distribution 
system intended to handle fluctuations in demand throughout the day.  Customer demand for 
potable water will also fluctuate seasonally, often using more water in the spring and summer 
to promote lawn and other plant growth.  Sometimes a combination of dry weather and high 
temperatures occurring during the summer can lead to unexpectedly high Customer demand.  
For example, during the drought of record in 2007, the County’s demand exceeded the 
treatment capacity at the Catawba River Water Treatment Plant for several days during a two-
week period. 

The County continues to grow and connect new Customers to the water distribution system; 
however, adding additional capacity to a water treatment plant is a slow and expensive 
process.  To ensure the County’s ability to meet Customer demand for both Essential Water Use 
and Non-Essential Water Use, the County must declare water shortage stage if the water 
demand is nearing available treatment capacity on a regular basis.  

The water shortage stage, and duration of such a stage, will depend on the extent to which 
Customer water demands approach or exceed Union County’s capacity to meet those demands 
and how much the water use restrictions successfully reduce short-term demands.  If the daily 
demands of the water system exceed a specified percentage of total available capacity for a 
specified period of time as described in the table below, the corresponding water shortage 
stage shall be declared.   
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Capacity Limitation Indicators 

 

When the recovery criteria shown in the table below for that water shortage stage have been 
met, the Public Works Executive Director will advise that the County Manager declare a 
reduced stage with the corresponding water use restrictions.  It may be possible to reduce by 
more than one water shortage stage if the necessary recovery criteria have been met for 
intermediate stages.   

Recovery from Capacity Limitations 

Section 6.3 - System Emergencies 
The integrity of the water supply, treatment facilities, and distribution system are critical to 
meeting the potable water demands of the County.  If there are major disruptions to any of 

Stage Union County 
Designation Daily Demand 

0 Year-Round Water 
Conservation  

1 Moderate Water 
Shortage 

Demand > 80% of available capacity for the average of a 7 
day period 

2 Severe Water Shortage Demand > 90% of  available capacity for the average of a 7 
day period 

3 Extreme Water 
Shortage 

Demand > 100% of  available capacity for the average of a 7 
day period 

4 Exceptional Water 
Shortage 

If demand continues to exceed available capacity such that 
an Extreme Water Shortage (Stage 3) is in effect due to such 
capacity limitations for thirty (30) consecutive days 

Stage Union County Designation Recovery 

0 Year-Round Water 
Conservation  

1 Moderate Water Shortage Below 80% of available capacity for 90 consecutive days 

2 Severe Water Shortage Below 85% of available capacity for 60 consecutive days 

3 Extreme Water Shortage Below 90% of available capacity for 30 consecutive days 

4 Exceptional Water Shortage Below 95% of available capacity for 30 consecutive days 
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these components, it may be necessary to initiate water restrictions to ensure that basic needs 
are met.  Such events include, but are not limited to: 

• Water source contamination 
• Water treatment plant disruptions 
• Water distribution system disruptions 

System emergencies typically require an immediate response and may require a major 
reduction of water use in a short period of time.  Because each emergency event is different 
and varies in degree of severity and duration, no pre-determined water shortage stage can be 
identified for every event. 

If the Executive Director of Public Works determines a system emergency condition exists that 
warrants the need to implement a water shortage stage, he/she will recommend to the County 
Manager a stage and associated water use restrictions that are deemed necessary and 
appropriate given the nature, extent, and expected duration of the emergency condition.  The 
County Manager may declare a water shortage stage and associated water use restrictions that 
are deemed necessary and appropriate for the emergency condition. 

As additional information becomes available regarding the system emergency, the water 
shortage stage initially declared may be quickly modified or resolved.  When the factors 
determining the water shortage conditions have improved, the Executive Director of Public 
Works will recommend that the County Manager declare a reduced water shortage stage.  The 
County Manager may then declare a reduced water shortage stage and associated water use 
restrictions that are deemed necessary and appropriate for the changed conditions. 

As joint-owners of the Catawba River Water Treatment Plant, Union County and Lancaster 
County Water & Sewer District are developing the “Raw Water Intake Contingency Plan for the 
Union-Lancaster Catawba River Water Treatment Plant”.  The purpose of the raw water intake 
contingency plan is to mitigate disruptions in the quality or quantity of available source water 
or integrity of the raw water intake structure with minimal impacts to both distribution 
systems.  These measures will reduce the County’s vulnerability to raw water concerns and also 
reduce raw water-related incidents requiring a declaration of a system emergency water 
shortage.   

Section 7.0 - Water Shortage Stage Measures and Restrictions 
To ensure that water demand is reduced to a sustainable level after the declaration of a water 
shortage stage, water use measures and restrictions need to be enforced.  Regardless of the 
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type of water shortage, each stage requires the same estimated reduction in demand so each 
stage has one set of corresponding actions that will be taken to conserve water.  The water use 
measures and restrictions corresponding to each water shortage stage are set forth in the 
sections below. 

Section 7.1 - Year-Round Water Conservation (Stage 0 Water Shortage) 
This water shortage stage is intended to manage the County’s long-term water resources by 
promoting water use efficiency.  In the past, the County water system has experienced a high 
water demand peaking factor, measured as a ratio between the highest demand day of the 
year and the average demand over the entire year.  This is reflective of the County’s above 
average proportion of residential users and high irrigation use when compared with other 
utilities.   

In 2008, the County’s peaking factor exceeded 2.0.  While Customers were under no water 
restrictions and had unlimited water use available, the County experienced several days in May 
2007 with the daily demand exceeding the maximum capacity of 18 million MGD from the 
Catawba River Water Treatment Plant.  The highest daily usage measured was 21.3 MGD.  A 
water treatment plant is designed to meet an anticipated maximum day demand; however, this 
volume should only be needed or approached a few days per year.  By reducing the maximum 
day demand, the County can push back the time frame when additional source water is needed 
and the water treatment plant needs to be expanded.  Developing a new water source and the 
construction of new treatment process units or a new water treatment plant are very 
expensive, so rate increases corresponding with financing new infrastructure can be reduced by 
delaying their development. 

As a part of the 2011 Comprehensive Water & Wastewater Master Plan, the County 
determined that steps would need to be taken to limit this water demand peaking factor to 1.7 
to ensure adequate water supply in the future and to bring the County in line with peer water 
system utilities in North Carolina.  Without water use restrictions, the County’s water system 
will continue to have days where the maximum day demand exceeds the water treatment plant 
capacity, especially during periods of hot and dry weather.  Additionally, these high demands 
place stress on the distribution system.   

Therefore, this Plan and the Ordinance establish the implementation of mandatory and 
voluntary year-round water use restrictions and water conservation measures.  These water 
use restrictions and water conservation measures are in effect under normal conditions and will 
serve as Stage 0 Water Shortage restrictions (Stage 0 Water Shortage is the minimum water 
shortage stage that will always be in effect in the County if there is no declaration of a 
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heightened stage).  When a Stage 0 Water Shortage is in place, all Customers shall be required 
to adhere to the following mandatory water use restrictions: 

Mandatory Water Use Restrictions 

• Customer Spray Irrigation System use shall be limited to three (3) days per week. 
• Customers shall at all times comply with the Spray Irrigation System schedule for use set 

forth in Section 7.7 of this Plan.   
 
Limiting Spray Irrigation System use to 3 days per week is sufficient to meet the irrigation needs 
of lawns and other plants and reduces the likelihood of accidental over-watering.  Those 
Customers using drip irrigation or any handheld watering methods are still allowed to water 
any day and time.    Customers regularly engaged in the sale of plants, shrubbery, trees and 
flowers are permitted to use water by any method at any time for irrigation of their commercial 
stock.     

In addition to the mandatory maximum of three (3) days per week for Spray Irrigation System 
use schedule, voluntary water conservation practices are also encouraged year-round at this 
water shortage stage.  These voluntary measures, which are encouraged, but not required, are 
described below:   

Voluntary Water Conservation Measures 
a. Use flow-restrictive, water-saving devices and methods.  Faucets should not be left 

running while shaving, brushing teeth, or washing dishes.  Showers should be limited to 
no more than five (5) minutes and baths should be avoided if not medically necessary.  
Toilets should be flushed after multiple usages. 

b. Limit the use of clothes and dish washing machines to running only full loads. 
c. Inspect and repair all leaks and defective components of water delivery systems in any 

structures (faucets, toilets, equipment, etc.) in a timely manner. 
d. Reuse household water to water plants. 

Section 7.2 - Moderate Water Shortage (Stage 1 Water Shortage)  
At this water shortage stage, the County has concern about the available water supply and 
Customers are encouraged to adopt water saving measures intended to reduce overall water 
use.  The primary purpose of this water shortage stage is to increase education and awareness 
of the limited water resources and to encourage additional voluntary water conservation 
measures to reduce the need for further mandatory restrictions.  In the event a Stage 1 Water 
Shortage is declared, all Customers shall comply with the following mandatory water use 
restrictions:    
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Mandatory Water Use Restrictions 

• Comply with all Stage 0 Water Shortage Mandatory Water Use Restrictions. 
• The transport of water from within the County to outside of the County where such 

water has been drawn by tanker truck from a hydrant of the County water utility system 
is prohibited; provided, however, that transport outside of the County shall be allowed 
for emergency fire protection and Bona Fide Farm Uses. 

 
Customers using drip irrigation or any handheld watering methods are still allowed to water 
any day and time.    Customers regularly engaged in the sale of plants, shrubbery, trees and 
flowers are permitted to use water by any method at any time for irrigation of their commercial 
stock.     

In addition to the mandatory water use restrictions, additional voluntary water conservation 
measures are also encouraged at this water shortage stage.  These voluntary measures, which 
are encouraged, but not required, are described below:   

Voluntary Water Conservation Measures 
a. Implement all Voluntary Water Conservation Measures set forth for a Stage 0 Water 

Shortage. 
b. Limit Spray Irrigation System use to no more than two (2) days per week, using the 

designated schedule as set forth in Section 7.7 of this Plan. 
c. Use spring-activated nozzles when watering lawns and gardens by hand with a hose. 
d. Limit residential vehicle, or any other type of mobile equipment, washing to the 

designated Spray Irrigation System use days set forth in Section 7.7 of this Plan. 
 

Section 7.3 – Severe Water Shortage (Stage 2 Water Shortage) 
This water shortage stage reflects an increase in concern over water supply leading to 
additional mandatory restrictions.  Moving to this water shortage stage is intended to bring 
Customers’ and UCPW employees’ attention to the increasing severity of the water shortage.  
Additional mandatory restrictions are necessary when voluntary measures are not effective in 
the previous water shortage stages in reducing water system demand.  In the event a Stage 2 
Water Shortage is declared, all Customers shall comply with the following mandatory water use 
restrictions:    

Mandatory Water Use Restrictions 

• Comply with all Stage 1 Water Shortage Mandatory Water Use Restrictions. 
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• Limit Spray Irrigation System use to no more than two (2) days per week and only 
between the hours of 12:00 a.m. until 8:00 a.m. and 8:00 p.m. until 12:00 a.m., on the 
days identified in Section 7.7 of this Plan. 

• Eliminate personal vehicle washing unless using a commercial carwash. 
• Eliminate the filling of new swimming pools and fountains (unless considered Essential 

Water Use as defined herein). 
• Eliminate public building, sidewalk, and street washing activities (unless considered 

Essential Water Use as defined herein). 
• Limit construction uses of water (e.g. dust control). 
• Limit flushing and hydrant testing programs, except as necessary to maintain water 

quality or in other special circumstances. 
 
Customers using drip irrigation or any handheld watering methods are still allowed to water 
any day and time.    Customers regularly engaged in the sale of plants, shrubbery, trees, and 
flowers are permitted to use water by any method at any time for irrigation of their commercial 
stock.     
 
Unless otherwise declared as mandatory at this state, Customers are encouraged, but not 
required, to implement voluntary water conservation measures set forth in this Plan for a Stage 
1 Water Shortage. 

Section 7.4 - Extreme Water Shortage (Stage 3 Water Shortage)  
This water shortage stage is a point at which the County is greatly concerned about the current 
and future supply of water.  Immediate additional water conservation measures and water use 
restrictions are essential to avoid major restrictions or water rationing.  This can be of particular 
concern during a severe drought with no significant predicted rainfall.  It is important for UCPW 
employees and Customers to understand the rare nature of the situation and to react 
accordingly.  At this water shortage stage, mandatory requirements become more restrictive in 
an effort to lessen the impacts of worsening conditions and delay or prevent a water shortage 
emergency.  In the event a Stage 3 Water Shortage is declared, all Customers shall comply with 
the following mandatory water use restrictions:    

Mandatory Water Use Restrictions 

• Comply with all Stage 2 Water Shortage Mandatory Water Use Restrictions, unless a 
more stringent requirement is imposed below. 
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• Limit Spray Irrigation System use to no more than one (1) day per week and only 
between the hours of 12:00 a.m. until 8:00 a.m. and 8:00 p.m. until 12:00 a.m., on the 
day identified in Section 7.7 of this Plan. 

• Eliminate the filling of all swimming pools, hot tubs, fountains, and decorative ponds 
(except when necessary to support aquatic life or considered Essential Water use as 
defined herein). 

• Eliminate construction uses of water (e.g. dust control). 
• Eliminate flushing and hydrant testing programs, except as necessary to maintain water 

quality or in other special circumstances. 
• Eliminate the serving of drinking water from the County water system in restaurants, 

cafeterias, and other food establishments (except upon patron request). 
• Eliminate variances for landscape irrigation. 

Customers using drip irrigation or any handheld watering methods are still allowed to water 
any day and time.    Customers regularly engaged in the sale of plants, shrubbery, trees, and 
flowers are permitted to use water by any method at any time for irrigation, but only in 
amounts necessary to prevent the loss of their commercial stock.   

In addition to the mandatory water use restrictions, additional voluntary water conservation 
practices are also encouraged at this water shortage stage.  These voluntary measures, which 
are encouraged, but not required, are described below:   

Voluntary Water Conservation Measures 
a. Implement all Voluntary Water Conservation Measures set forth for a Stage 2 Water 

Shortage. 
b. Encourage industrial/manufacturing process changes that reduce water use. 

Section 7.5 - Exceptional Water Shortage (Stage 4 Water Shortage)  
This water shortage stage involves severe water use restrictions and is reserved for situations 
where the public water supply is threatened and the County must act to ensure there is an 
adequate supply for Essential Water Use.  This water shortage stage brings attention to the 
exceptionally serious nature of the water shortage and includes rapid notifications listed in 
Section 5.0 of this Plan.  UCPW and other County staff will prepare to implement emergency 
plans to respond to water outages according to the County’s Emergency Response Plan.  In the 
event a Stage 4 Water Shortage is declared, all Customers shall comply with the following 
mandatory water use restrictions:    

Mandatory Water Use Restrictions 
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• Comply with all Stage 3 Water Shortage Mandatory Water Use Restrictions, unless a 
more stringent requirement is imposed below. 

• Prohibit all Non-Essential Water Use (including the prohibition of all residential 
irrigation, irrigation of commercial stock, and filling of ponds to sustain aquatic life). 

• Prohibit the use of water outside a structure for any use other than a fire emergency. 
• Require the use of disposable utensils and plates at all restaurants, cafeterias, and other 

food establishments. 

In addition to the mandatory water use restrictions, additional voluntary water conservation 
practices are also encouraged at this water shortage stage.  These voluntary measures, which 
are encouraged, but not required, are described below:   

Voluntary Water Conservation Measures 
a. Implement all Voluntary Water Conservation Measures set forth for a Stage 3 Water 

Shortage. 
b. Continue to encourage industrial/manufacturing process changes that reduce water 

use.  The County will prioritize and meet with large commercial and 
industrial/manufacturing large water customers to discuss strategies for water use 
reduction measures. 

Section 7.6- Additional Water Use Regulation Authority 
Pursuant to the Ordinance, the County Manager, acting in the best interests of the health, 
safety, and welfare of the citizens of Union County, may further regulate water usage on the 
following bases: (i) time of day; (ii) day of week; (iii) Customer type, including, without 
limitation, residential, commercial, industrial, and institutional uses; and (iv) physical attribute, 
such as address. 

Section 7.7 - Irrigation Schedules 
A Customer is only permitted to use a Spray Irrigation System on the designated irrigation 
day(s) assigned to them as set forth in the table below.  The Customer’s billing cycle number 
(corresponding with the table below) can be found on the Customer bill. 
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Billing Cycle 
Stages 0 and 1 Stage 2  Stage 3  
3-day per week 2-day per week 1-day 

1 Mon-Wed-Sat Mon-Wed Wed 

2 Sun-Tue-Thu Sun-Thu Sun 

3 Mon-Thu-Sat Mon-Thu Thu 

4 Tue-Thu-Sat Tue-Thu Tue 

5 Sun-Wed-Fri Sun-Wed Sun 

6 Mon-Wed-Sat Mon-Wed Mon 

7 Sun-Wed-Fri Sun-Wed Wed 

8 Sun-Tue-Fri Tue-Fri Tue 

9 Sun-Tue-Fri Tue-Fri Fri 

10 Mon-Thu-Sat Mon-Thu Mon 
 

Section 7.8- Water Conservation Rates 
During a declared water shortage due to resource or capacity limitations, water rates increase 
to ensure adequate operating revenue and to encourage conservation.  Rate increases are not 
utilized in response to a system emergency water shortage condition.   

The County utilizes an increasing block rate structure for residential and irrigation water usage.  
The rates for all user types are defined in the Rate Ordinance.  The Rate Ordinance increases all 
water usage rates during certain water shortage stages.  The current rates are shown in the 
table below; however, the rates are only shown to be illustrative.   Customers will be charged 
the rates established in the then current Rate Ordinance corresponding to the water shortage 
stage in effect at the time bills are rendered.  If a system emergency occurs while in a water 
shortage situation, the rates applied shall be those corresponding to the current water shortage 
response due to resource or capacity limitations. 
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Section 8.0 -  Enforcement and Penalties 
Compliance with the provisions of this Plan is required and authorized by the Ordinance and 
enforced by personnel of UCPW, independent contractors engaged by UCPW for such purpose, 
and such other personnel as designated by the County Manager.  Enforcement measures and 
procedures, issuance of violations, and penalties for violation of the water restrictions put in 
place are further prescribed in the Ordinance.  Customers are responsible for any use of water 
that passes through their service connection.  Knowledge of the prevailing restrictions and 
proper functioning of an automatic Spray irrigation System is the responsibility of the property 
owner and resident.  Any Customer who violates, or permits the violation of, any mandatory 
water restriction set forth in this Plan or the Ordinance is subject to civil penalties and/or 
termination of service.  Civil penalties for such violations are set forth in the table below.  
Customers who violate conditions of a variance are also subject to the enforcement penalties.  
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*Includes termination of service 

Each day that a violation of a mandatory water restriction occurs or continues to occur after 
delivery of notice will be considered a separate and distinct violation.  Violations will be 
accumulated by Customers on a calendar year basis for purposes of accrual of civil penalties.  
The Customer shall remain liable for payment of all civil penalties regardless of when accrued.  
Violations of any mandatory water use restrictions of any water shortage stage shall 
accumulate with violations of other stages.  Should a Customer move, or cease and renew 
service, during a calendar year, the Customer’s violations shall continue to accumulate as if 
such move or cessation had not occurred. 

Further information and detail regarding enforcement of civil penalties, termination of service, 
and procedures related thereto are contained in the Ordinance. 

Section 9.0 -  Appeals  
A Customer who receives a notice of violation indicating that the Customer is subject to a civil 
penalty or the Customer’s water service is subject to termination may appeal the violation or 
pending termination by filing a written notice of appeal in accordance with the procedures and 
requirements set forth in the Ordinance.  The consideration and resolution of all appeals will 
also be in accordance with the Ordinance.   

Stage Union County 
Designation 

1st 
Violation 

2nd 
Violation 

3rd 
Violation 

4th 
Violation 

5th and 
Additional 
Violations 

0 Year-Round Water 
Conservation Warning Warning $250 $500* $1000* 

1 Moderate Water Shortage Warning $100 $500 $500* $1000* 

2 Severe Water Shortage Warning $200 $500 $500* $1,000* 

3 Extreme Water Shortage $100 $500 $750 $1000* $1,500* 

4 Exceptional Water 
Shortage  $200 $500 $1,000 $1,000* $2,000* 
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Section 10.0 -  Variances  
UCPW is authorized to issue variances in accordance with this Plan and the Ordinance, 
permitting any Customer satisfying the requirements of this Plan and the Ordinance to use 
water for a purpose that would otherwise be prohibited by water use restrictions then in effect. 

UCPW may issue  variances during Stage 0, Stage 1 and Stage 2 provided that each of the 
following conditions is satisfied:  (i) the Customer applies for a variance using forms provided by 
UCPW; (ii) the Customer pays a variance registration fee in such amount as determined by the 
Executive Director of Public Works, not to exceed fifty dollars ($50.00); (iii) the application 
pertains to a new lawn and/or landscape installed incident to new construction, or to newly 
installed replacement sod, complete reseeding, or natural ground cover within the parameters 
of an established lawn; (iv) if pertaining to new lawn and/or landscape installed incident to new 
construction, the Customer applies for a variance either before issuance of a certificate of 
occupancy or within ninety (90) days after issuance of a certificate of occupancy relative to this 
new construction; and (v) the Customer submits with the application such supporting 
documentation as required by UCPW to substantiate that these conditions have been satisfied. 

Upon receipt of a variance from UCPW, the Customer may be permitted to water such newly 
installed lawn and/or landscape, or such newly installed replacement sod, complete reseeding, 
or natural ground cover, for a period not to exceed forty-five (45) days from the date of 
issuance of the variance.  During the period that the variance is in effect, the Customer shall 
post signage provided by UCPW to signify the Customer’s temporary exempt status from water 
use restrictions otherwise in effect.  The Customer shall post such sign within two (2) feet of the 
driveway entrance.  In any variance issued, UCPW may impose such conditions and restrictions 
as are appropriate to require that water used from the County water system be minimized to 
the extent practical. 

Variances issued shall terminate upon the earlier occurrence of the following:  (i) forty-five (45) 
days from the date of issuance; or (ii) declaration by the County Manager of a Stage 3 or State 4 
Water Shortage.  In addition, the County Manager may, upon the recommendation of the 
Executive Director of Public Works, direct that UCPW cease issuance of new variances in the 
event it is determined that further issuance will likely result in increased demand that will equal 
or exceed the treatment and/or transmission capacity  of the system or portions thereof. 

Any Customer receiving a variance who violates the terms thereof shall be subject to a civil 
penalty set forth in this Plan and the Ordinance and to revocation of the variance.  Any person 
who has violated the terms of any variance or any mandatory water use restrictions imposed 
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pursuant to this Plan or the Ordinance may be denied a variance, notwithstanding any provision 
of this Plan or the Ordinance to the contrary. 

Section 11.0- Maintenance of Spray Irrigation Systems  
The County recognizes that irrigation systems utilizing water from the County water system 
should be properly maintained in order to maximize efficiency and prevent waste.  Additionally, 
the County recognizes that such maintenance may occur on days and at such times as would 
otherwise be prohibited under the Ordinance and this Plan.  However, during the period that a 
Stage 2 or Stage 3 Water Shortage is in effect, an existing Spray Irrigation System may be 
operated on such days and at such times as would otherwise be prohibited, provided that the 
requirements for such irrigation system maintenance set forth in the Ordinance are met.  The 
allowance for such operations, issuance of violations and penalties, and appeals are provided 
for in the Ordinance. 

Section 12.0- Plan Evaluation and Effectiveness 
The effectiveness of this Plan will be determined by measuring system-wide water use 
reductions during declared water shortage stages.  In addition to water supply and usage, the 
frequency of implementing water shortage stages within the parameters set forth in the Plan 
will also be evaluated.  If the frequency of implementation of water shortage stages is found to 
be too great, or if the duration is found to be excessive, then modifications to the Plan, or 
adjustments to the water supply infrastructure will be considered and proposed.  The number 
of citations issued during a water shortage may also be used to determine if the level and 
severity of citations is sufficient to achieve the water usage reductions necessary. 

All mandatory drought response activities undertaken by the participating members of the 
Catawba Wateree Drought Management Group, as written in the CW-LIP, will also serve as an 
expansive and detailed examination of the effectiveness of measures enacted.  The table below 
indicates the potential expected reduction from normal use, or the amount that would 
otherwise be expected, for each water shortage stage as defined in the CW-LIP in effect as of 
the adoption date of this Plan. 
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        Water Use Reduction Goals from the CW-LIP 
Stage Percent Reduction Goals 

0  
1 3-5% 
2 5-10% 
3 10-20% 
4 30% or more 

 

For the purposes of determining “normal water use”, consideration may be given to one or 
more of the following: 

• Historical maximum daily, weekly, and monthly flows during drought conditions. 
• Increased customer base (e.g. population growth, service area expansion) since the 

historical flow comparison. 
• Changes in major water users (e.g. industrial shifts) since the historical flow comparison. 
• Climatic conditions for the comparison period. 
• Changes in water use since the historical flow comparison. 
• Other system specific considerations. 

The County has implemented a more aggressive approach than the CW-LIP by implementing a 
year-round, three (3) days per week Spray Irrigation System use schedule (Stage 0 Water 
Shortage restriction).  The reduction goals listed above are compared to unrestricted water use 
and are not in addition to the reductions expected from year-round water conservation 
measures.  

Section 13.0 - Public Review and Revisions of Plan 
This Plan, as well as the Ordinance, will be reviewed and revised as needed to adapt to new 
circumstances affecting water supply and demand, following implementation of emergency 
restrictions.  Review will be conducted at a minimum of every five years in conjunction with 
updating the County’s Local Water Supply Plan.   

Adoption of this Plan, or revisions thereto, will follow the normal processes for approval at a 
meeting of the Union County Board of Commissioners.  The proposed Plan, or revisions thereto, 
will be publicized in advance on the County’s website, as well as be publicized online as part of 
the meeting agenda at which adoption of this Plan, or revisions thereto, will be considered for 
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Attachment G -
Low Inflow Protocol (LIP) for the Catawba-Wateree Project

PURPOSE

The purpose of this Low Inflow Protocol (LIP) is to establish procedures for reductions in 
water use during periods of low inflow to the Catawba-Wateree Project (the Project).  
The LIP was developed on the basis that all parties with interests in water quantity will 
share the responsibility to establish priorities and to conserve the limited water supply. 

OVERVIEW

This Low Inflow Protocol provides trigger points and procedures for how the Catawba-
Wateree Project will be operated by the Licensee, as well as water withdrawal reduction 
measures and goals for other water users during periods of low inflow (i.e., periods when 
there is not enough water flowing into the Project reservoirs to meet the normal water 
demands while maintaining Remaining Usable Storage in the reservoir system at or 
above a seasonal target level).   

The Licensee will provide flow from hydro generation and other means to support 
electric customer needs and the instream flow needs of the Project.  During periods of 
normal inflow, reservoir levels will be maintained within prescribed Normal Operating 
Ranges.  During times that inflow is not adequate to meet all of the normal demands for 
water and maintain reservoir levels as normally targeted, the Licensee will progressively 
reduce hydro generation.  If hydrologic conditions worsen until trigger points outlined 
herein are reached, the Licensee will declare a Stage 0 - Low Inflow Watch and begin 
meeting with the applicable agencies and water users to discuss this LIP.  If hydrologic 
conditions continue to worsen, the Licensee will declare various stages of a Low Inflow 
Condition (LIC-as defined in the Procedure section of this document).  Each progressive 
stage of the LIC will call for greater reductions in hydro station releases and water 
withdrawals, and allow additional use of the available water storage inventory.   

The goal of this staged Low Inflow Protocol is to take the actions needed in the 
Catawba-Wateree River Basin to delay the point at which the Project’s available water 
storage inventory is fully depleted.  While there are no human actions that can guarantee 
that the Catawba-Wateree River Basin will never experience operability limitations at 
water intake structures due to low reservoir levels or low streamflows, this Low Inflow 
Protocol is intended to provide additional time to allow precipitation to restore 
streamflow, reservoir levels, and groundwater levels to normal ranges. The amount of 
additional time that is gained during the LIP depends primarily on the diagnostic 
accuracy of the trigger points, the amount of regulatory flexibility the Licensee has to 
operate the Project, and the effectiveness of the Licensee and other water users in 
working together to implement their required actions and achieve significant water use 
reductions in a timely manner.    

To ensure continuous improvement regarding the LIP and its implementation throughout 
the term of the New License, the LIP will be re-evaluated and modified periodically.  
These re-evaluations and modifications will be as determined by the Catawba-Wateree 
Drought Management Advisory Group (CW-DMAG). 
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KEY FACTS AND DEFINITIONS

1. Human Health and Safety and the Integrity of the Public Water Supply and Electric 
Systems are of Utmost Importance – Nothing in this protocol will limit the Licensee’s 
ability to take any and all lawful actions necessary at its hydro projects to protect 
human health and safety, protect its equipment from major damage, protect the 
equipment of the Large Water Intake Owners from major damage, and ensure the 
stability of the regional electric grid. It is recognized that the Licensee may take the 
steps that are necessary to protect these things without prior consultation or 
notification. 

2. Full Pond Elevation – Also referred to simply as “full pond”, this is the level of a 
reservoir that corresponds to the point at which water would first begin to spill from 
the reservoir’s dam(s) if the Licensee took no action.  This level corresponds to the 
lowest point along the top of the spillway (including flashboards) for reservoirs 
without flood gates, and to the lowest point along the top of the flood gates for 
reservoirs that do have flood gates.  To avoid confusion among the many reservoirs 
the Licensee operates, the Licensee has adopted the practice of referring to the Full 
Pond Elevation for all of its reservoirs as equal to 100.0-feet (ft.) relative.  The Full 
Pond Elevations for the Catawba-Wateree Project reservoirs are as follows: 

Reservoir
Full Pond Elevation

(ft. above Mean Sea Level)

Lake James  1200.0 

Lake Rhodhiss 995.1 

Lake Hickory 935.0 

Lookout Shoals Lake 838.1 

Lake Norman 760.0 

Mountain Island Lake 647.5 

Lake Wylie 569.4 

Fishing Creek Reservoir 417.2 

Great Falls Reservoir 355.8 

Cedar Creek Reservoir 284.4 

Lake Wateree 225.5 

3. Net Inflow – The cumulative inflow into a reservoir, expressed in acre-feet (ac-ft) per 
month.  Net inflow is the sum of tributary stream flow, inflow from upstream hydro 
development releases (where applicable), groundwater inflow, precipitation falling on 
the reservoir surface, land surface runoff, and on-reservoir point-source return flows, 
less the sum of on-reservoir water withdrawals, groundwater recharge, hydro 
development flow releases, evaporation, and other factors. 

4. Normal Minimum Elevation – The level of a reservoir (measured in feet above Mean 
Sea Level (msl) or feet relative to the full pond contour with 100.0 ft corresponding to 
full pond) that defines the bottom of the reservoir’s Normal Operating Range for a 
given day of the year.  If Net Inflows to the reservoir are within some reasonable 
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tolerance of the average or expected amounts, hydro project equipment is operating 
properly, and no protocols for abnormal conditions have been implemented, reservoir 
level excursions below the Normal Minimum Elevation should not occur.   

5. Normal Maximum Elevation – The level of a reservoir (measured in feet above Mean 
Sea Level (msl) or feet relative to the full pond contour with 100.0 feet corresponding 
to full pond) that defines the top of the reservoir’s Normal Operating Range for a 
given day of the year.  If net inflows to the reservoir are within some reasonable 
tolerance of the average or expected amounts, hydro project equipment is operating 
properly and no protocols for abnormal conditions have been implemented, reservoir 
level excursions above the Normal Maximum Elevation should not occur.   

6. Normal Target Elevation - The level of a reservoir (measured in feet above Mean 
Sea Level (msl) or feet relative to the full pond contour with 100.0 ft corresponding to 
full pond) that the Licensee will endeavor in good faith to achieve, unless operating in 
this Low Inflow Protocol, the Maintenance and Emergency Protocol, the Spring 
Reservoir Level Stabilization Program (Lakes James, Norman, Wyllie and Wateree 
only), or a Spring Stable Flow Period (Lake Wateree only). Since inflows vary 
significantly and outflow demands also vary, the Licensee will not always be able to 
maintain actual reservoir level at the Normal Target Elevation. The Normal Target 
Elevation falls within the Normal Operating Range, but it is not always the average of 
the Normal Minimum and Normal Maximum Elevations.   

7. Normal Operating Range for Reservoir Levels – The band of reservoir levels within 
which the Licensee normally attempts to maintain a given reservoir that it operates 
on a given day.  Each reservoir has its own specific Normal Operating Range, 
bounded by a Normal Maximum Elevation and a Normal Minimum Elevation. If net 
inflows to the reservoir are within some reasonable tolerance of the average or 
expected amounts, hydro project equipment is operating properly, and no protocols 
for abnormal conditions have been implemented, reservoir level excursions outside 
of the Normal Operating Range should not occur.  

8. Large Water Intake – Any water intake (e.g., public water supply, industrial, 
agricultural, power plant, etc.) having a maximum instantaneous capacity greater 
than or equal to one million gallons per day (mgd) that withdraws water from the 
Catawba-Wateree River Basin. 

9. Public Water Supply – Any water delivery system owned and/or operated by any 
governmental or private entity that utilizes waters from the Catawba-Wateree River 
Basin for public interest including drinking water; residential, commercial, industrial, 
and institutional uses; irrigation, and/or other public uses. 

10. Critical Reservoir Elevation – The highest level of water in a reservoir (measured in 
feet above Mean Sea Level or feet relative to the full pond contour with 100.0 ft. 
corresponding to full pond) below which any large public water supply intake, large 
industrial intake, or regional power plant intake located on the reservoir will not 
operate at its Licensee-approved capacity.  The Critical Reservoir Elevations, as of 
the revision date of this AIP, are defined below: 
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Reservoir
Critical Reservoir Elevation
(ft. relative to local datum)

Type of Limit

Lake James  61.0 Power Production 

Lake Rhodhiss 89.4 Municipal Intake 

Lake Hickory 94.0 Municipal Intake 

Lookout Shoals Lake 74.9 Municipal Intake 

Lake Norman 90.0 Power Production 

Mountain Island Lake 94.3 Power Production 

Lake Wylie 92.6 Industrial Intake 

Fishing Creek Reservoir 95.0 Municipal Intake 

Great Falls Reservoir 87.2 Power Production 

Cedar Creek Reservoir 80.3 Power Production 

Lake Wateree 92.5 Municipal Intake 

11. Total Usable Storage (TUS) – The sum of the Project’s volume of water expressed in 
acre-feet (ac-ft) contained between each reservoir’s Critical Reservoir Elevation and 
the Full Pond Elevation.   

12. Remaining Usable Storage (RUS) - The sum of the Project’s volume of water 
expressed in acre-feet (ac-ft) contained between each reservoir’s Critical Reservoir 
Elevation and the actual reservoir elevation at any given point in time. 

13. Storage Index (SI) – The ratio, expressed in percent, of Remaining Usable Storage 
to Total Usable Storage at any given point in time.

14. Target Storage Index (TSI) – The ratio of Remaining Usable Storage to Total Usable 
Storage based on the Project reservoirs being at their Normal Target Elevations.  
The following table lists the Target Storage Index for the first day of each month:

Month Target Storage Index For 1
st

Day of Month (%)*

Jan 61 

Feb 51 

Mar 61 

Apr 66 

May 75 

Jun 75 

Jul 75 

Aug 75 

Sep 75 

Oct 75 

Operations 05 - Low Inflow Protocol Study Report 03/31/06



C-W AIP Signature Copy, Revised 03-31-06 G - 5

Month Target Storage Index For 1
st

Day of Month (%)*

Nov 69 

Dec 62 

* Target Storage Indices for 
other days of the month are 
determined by linear 
interpolation. 

15. U.S. Drought Monitor - A synthesis of multiple indices, outlooks, and news accounts 
that represents a consensus of federal and academic scientists concerning the 
drought status of all parts of the United States.  Typically, the U.S. Drought Monitor 
indicates intensity of drought as D0-Abnormally Dry, D1-Moderate, D2-Severe, D3-
Extreme, and D4-Exceptional.  The website address is 
http://www.drought.unl.edu/dm/monitor.html.  The following federal agencies are 
responsible for maintaining the U.S. Drought Monitor: 

� Joint Agricultural Weather Facility (U.S. Department of Agriculture and 
Department of Commerce/National Oceanic and Atmospheric Administration) 

� Climate Prediction Center (U.S. Department of Commerce/NOAA/National 
Weather Service)  

� National Climatic Data Center (DOC/NOAA) 

16. U.S. Drought Monitor Three-Month Numeric Average – If the U.S. Drought Monitor 
has a reading of D0-D4 as of the last day of the previous month for any part of the 
Catawba-Wateree River Basin that drains to Lake Wateree, the Basin will be 
assigned a numeric value for the current month.  The numeric value will equal the 
highest Drought Monitor designation (e.g., D0 = 0, D4 = 4) as of the last day of the 
previous month that existed for any part of the Catawba-Wateree River Basin that 
drains to Lake Wateree.  A normal condition in the Basin, defined as the absence of 
a Drought Monitor designation, would be assigned a numeric value of negative one (-
1).  A running average numeric value of the current month and the previous two 
months will be monitored and designated as the U.S. Drought Monitor Three-Month 
Numeric Average. 

17. Critical Flows – The minimum flow releases from the hydro developments that may 
be necessary to: 

d. prevent long-term or irreversible damage to aquatic communities consistent 
with the resource management goals and objectives for the affected stream 
reaches;  

e. provide some basic level of operability for Large Water Intakes located on 
regulated river reaches; and, 

f. provide some basic level of water quality maintenance in the affected stream 
reaches.   

For the purposes of this LIP, the Critical Flows are as follows: 

a. Linville River, below the Bridgewater Development:  75 cubic feet per second 
(cfs). 

b. Catawba River Bypassed Reach below the Bridgewater Development:  25 
cfs.
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c. Oxford Regulated River Reach below the Oxford Development:  100 cfs. 

d. Lookout Shoals Regulated River Reach below the Lookout Shoals 
Development:  80 cfs. 

e. Wylie Regulated River Reach below the Wylie Development:  700 cfs. 

f. Great Falls Bypassed Reaches (Long and Short) at the Great Falls-Dearborn 
Development:  450 cfs and 80 cfs respectively. 

g. Wateree Regulated River Reach below the Wateree Development:  800 cfs.

h. Leakage flows at the remaining Project structures.  Leakage flows are 
defined as the flow of water through wicket gates when the hydro units are 
not operating and seepage though the Project structures at each 
development. 

18. Recreation Flow Reductions - Since all recreation flow releases must be made by 
either releasing water through hydroelectric generation or through flow releases that 
bypass hydro generation equipment, reductions in Project Flow Requirements will 
impact recreation flow releases.   

19. Organizational Abbreviations – Organizational abbreviations include the NC 
Department of Environment and Natural Resources (NCDENR), North Carolina 
Wildlife Resources Commission (NCWRC), South Carolina Department of Natural 
Resources (SCDNR), South Carolina Department of Health and Environmental 
Control (SCDHEC), and the United States Geological Survey (USGS). 

20. Catawba-Wateree Drought Management Advisory Group (CW-DMAG) – The CW-
DMAG will be tasked with working with the Licensee when the LIP is initiated.  This 
team will also meet as necessary to foster a basin-wide response to a Low Inflow 
Condition (see Procedure section of this LIP).  Members of the CW-DMAG agree to 
comply with the conditions of this LIP.  Membership on the CW-DMAG is open to the 
following organizations, of which each organization may have up to two members:

a. NCDENR (including - Division of Water Resources and the Division of Water 
Quality) 

b. NCWRC 
c. SCDNR 
d. SCDHEC 
e. USGS 
f. Each Owner of a Large Water Intake located on one of the Catawba-Wateree 

Project reservoirs or the main stem of the Catawba-Wateree River 
g. Each Owner of a Large Water Intake located on any tributary stream within 

the Catawba-Wateree River Basin that ultimately drains to Lake Wateree
h. Licensee (CW-DMAG Coordinator)   

The CW-DMAG will meet annually during the month of May, regardless of the Low 
Inflow Condition status, to review prior year activities, discuss data input from Large 
Intake Owners, and discuss other issues relevant to the LIP.  The Licensee will 
maintain an active roster of the CW-DMAG and update the roster as needed.   

21. Revising the LIP - During the term of the New License, the CW-DMAG will be tasked 
with reviewing and updating the LIP.  In order to ensure continuous improvement of 
the LIP and its implementation throughout the New License term, the LIP will be re-
evaluated and modified periodically.  These re-evaluations and modifications will be 
considered at least once every five (5) years.  Modifications must be approved by a 
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consensus of the participating CW-DMAG members.  If the participating members 
cannot reach consensus, then the procedures identified in the Final Agreement for 
dispute resolution will be used for resolving the dispute.  Approved modifications will 
be incorporated through revision of this LIP and the Licensee will file the revised LIP 
with FERC.  In addition, if any modifications of the LIP require amendment of the 
New License, the Licensee will file a license amendment request for FERC approval.  
During this process the CW-DMAG may appoint an ad hoc committee to address 
issues and revisions relevant to the LIP.  Issues such as sediment fill impact on 
reservoir storage volume calculations, and substitution of a regional drought monitor 
for the U.S. Drought Monitor, if developed in the future, are examples of items that 
may be re-evaluated. 

The Licensee will prepare meeting summaries of all CW-DMAG meetings and will 
make these meeting summaries available to the public by posting on its website. 

22. Water Withdrawal Data Collection and Reporting – All owners of Large Water Intakes 
located on Project reservoirs will, on an annual basis, report daily and average 
monthly metered water withdrawals (in MGD) to the Licensee.  The Licensee will 
maintain a database of this information including the Licensee’s own non-hydro 
water use records (i.e., water uses due to thermal power generation).  These annual 
withdrawal summaries will be due by January 31 of each year for the preceding 
calendar year.

23. Reclaimed Water – Wastewater that has been treated to reclaimed water standards 
and is re-used for a designated purpose (e.g. industrial process, irrigation).  
Reclaimed Water will not be subject to the water use restrictions outlined in this LIP. 

24. Drought Response Plan Updates – All Large Water Intake Owners will review and 
update their Drought Response Plans (or develop a plan if they do not have one) to 
ensure compliance and coordination with this LIP, including the authority to enforce 
the provisions outlined herein. 

25. Relationship Between the LIP and the Maintenance & Emergency Protocol (MEP) – 
The MEP outlines the response the Licensee will take under certain emergency and 
equipment failure and maintenance situations to continue practical and safe 
operation of the Project, to mitigate any related impacts to license conditions, and to 
communicate with resource agencies and the affected parties. Under the MEP, 
temporary modifications of minimum flow releases and the reservoir level Normal 
Operating Ranges are allowed.  Lowering levels of Project reservoirs caused by 
situations addressed under the MEP will not invoke implementation of this Low Inflow 
Protocol (LIP).  Also, if the LIP has already been implemented at the time that a 
situation covered by the MEP is initiated, the Licensee will typically suspend 
implementation of the LIP until the MEP situation has been eliminated.  The Licensee 
may, however, choose to continue with the LIP if desirable.  

26. Consensus – Consensus is reached when all CW-DMAG members can ‘live with’ the 
outcome or proposal being made.  The concept of consensus is more fully described 
in the Catawba – Wateree Hydroelectric Project Relicensing – Stakeholder Teams 
Charter (dated October, 2005).

27. Monitored USGS Streamflow Gages - USGS streamflow gage #’s 02145000 (South 
Fork Catawba River at Lowell, NC), 02137727 (Catawba River near Pleasant 
Gardens, NC), 02140991 (Johns River at Arneys Store, NC), and 02147500 (Rocky 
Creek at Great Falls, SC) 
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ASSUMPTIONS

1. Instream Flows for Recreation – The New License for the Catawba-Wateree Project 
includes the prescribed recreational flow releases as listed in Section 3.0 of this AIP. 

2. Instream Flows for Aquatic Habitat – The New License for the Catawba-Wateree 
Project includes the instream flow requirements for aquatic habitat as listed in 
Section 4.0 of this AIP, including flow requirements in bypassed reaches. 

3. Actions to Support Water User Needs – The New License for the Catawba-Wateree 
Project includes actions to support water user needs as listed in Section 5.0 of this 
AIP. 

4. Project Flow Requirements – These flow requirements include Instream Flows for 
Aquatic Habitat and the portion of Instream Flows for Recreation that is greater than 
the Instream Flows for Aquatic Habitat as identified in Sections 3.0 and 4.0 of this 
AIP for normal conditions (i.e., conditions outside of this LIP or the Maintenance and 
Emergency Protocol). 

5. Public Information System – The Licensee will maintain public information readily 
available on its website and toll-free telephone system as identified in Section 8.0 of 
this AIP. 

6. Normal Operating Ranges for Reservoir Levels – The New License for the Catawba-
Wateree Project includes the Normal Operating Ranges for reservoir levels (i.e., 
Normal Minimum, Normal Maximum, and Normal Target Elevations) as listed in 
Section 2.0 of this AIP. 
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PROCEDURE

During periods of normal inflow, reservoir levels will be maintained within prescribed 
Normal Operating Ranges.  During times that inflow is not adequate to meet all of the 
normal demands for water and maintain reservoir levels as normally targeted, the 
Licensee will progressively reduce hydro generation while meeting Project Flow 
Requirements.  During a Low Inflow Watch or a Low Inflow Condition (LIC) (as defined 
below), the Licensee and other water users will follow the protocol set forth below for the 
Catawba-Wateree Project regarding communications and adjustments to hydro 
releases, bypassed flow releases, minimum reservoir elevations, and other water 
demands.  The adjustments set forth below will be made on a monthly basis and are 
designed to equitably allocate the impacts of reduced water availability in accordance 
with the purpose statement of this LIP.   

Trigger points that demonstrate worsening hydrologic conditions will define various 
stages of the Low Inflow Condition. A summary of trigger points for various stages is 
provided in the table below.  The specific triggers required to enter successive stages 
are defined in the procedure for each stage.

Summary of LIP Trigger Points

Stage Storage Index 
1 Drought Monitor 

2
 (3-

month average)
Monitored USGS 

3

Streamflow Gages

0
4

90% < SI < TSI 0 = DM AVG = 85% 

1 75% < SI = 90%TSI and 1 = DM or AVG = 78% 

2 57% < SI = 75%TSI and 2 = DM or AVG = 65% 

3 42% < SI = 57%TSI and 3 = DM or AVG = 55% 

4 SI = 42%TSI and DM = 4 or AVG = 40% 

1 The ratio of Remaining Useable Storage to Total Usable Storage at a given 
point in time. 

2 The three-month numeric average of the published U.S. Drought Monitor. 

3 The sum of the rolling sixth-month average for the monitored streamflow gages 
as a percentage of the period of record rolling average for the same six-month 
period for the monitored streamflow gages. 

4 Stage 0 is triggered when any two of the three trigger points are reached.

Stage 0 - Low Inflow Watch:

The Licensee will monitor the Storage Index, the U.S. Drought Monitor, and the 
Monitored USGS Streamflow Gages on at least a monthly basis and will declare a Stage 
0 - Low Inflow Watch if any two of the following conditions occur: 

a. On the first day of the month, Storage Index is below the Target Storage 
Index, but greater than 90% of the Target Storage Index, while providing the 
Project Flow Requirements for the previous month. 

b. The U.S. Drought Monitor Three-Month Numeric Average has a value greater 
than or equal to 0. 
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c. The sum of the actual rolling six-month average streamflows at the Monitored 
USGS Streamflow Gages is equal to or less than 85% of the sum of the 
period of record rolling average streamflows for the same six-month period. 

When a Low Inflow Watch has been declared: 

a. The Licensee will activate the CW-DMAG, including the initiation of monthly 
meetings or conference calls to occur on the second Tuesday of each month.  
These monthly discussions will focus on: 

� Proper communication channels between the CW-DMAG members. 

� Information reporting consistency for CW-DMAG members, including a 
storage index history and forecast (at least a 90-day look back and look 
ahead) from the Licensee, a water use history and forecast (at least a 90-
day look back and look ahead) from each water user on the CW-DMAG, 
streamflow gage and groundwater monitoring status from the state 
agencies and USGS, and state-wide drought response status from the 
state agencies. 

� Refresher training on this LIP. 

� Overview discussions from each CW-DMAG member concerning their 
role and plans for responding if a Low Inflow Condition is subsequently 
declared. 

b. In addition, the Licensee will reduce the prescribed recreation flow releases 
at the Wylie Development from 6,000 cfs to 3,000 cfs. 

Stage 1 Actions:

1. The Licensee will declare a Stage 1 LIC and notify the CW-DMAG if:  

a. On the first day of the month, Storage Index is at or below 90% of the Target 
Storage Index, but greater than 75% of the Target Storage Index, while 
providing the Project Flow Requirements for the previous month.    

and either of the following conditions exists: 

b. The U.S. Drought Monitor Three-Month Numeric Average has a value greater 
than or equal to 1. 

c. The sum of the actual rolling six-month average streamflows at the Monitored 
USGS Streamflow Gages is equal to or less than 78% of the sum of the 
period of record rolling average streamflows for the same six-month period.  

2. The Licensee will complete the following activities within 5 days after the Stage 1 LIC 
declaration: 

a. Reduce the Project Flow Requirements by 60% of the difference between the 
Project Flow Requirements and the Critical Flows.  These reduced Project 
Flow Requirements are referred to as Stage 1 Minimum Project Flows. 

b. Reduce the Normal Minimum Elevations by one foot at each reservoir, except 
two feet at Lake James and Lake Norman, but not to levels at any reservoir 
below the Critical Reservoir Elevations.  These elevations are referred to as 
the Stage 1 Minimum Elevations. 
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c. Update its Web site and Interactive Voice Response (IVR) messages to 
account for the impacts of the LIP on reservoir levels, usability of the 
Licensee’s public access areas, and recreation flow schedules. 

d. Provide bi-weekly (once every two weeks) information updates to owners of 
Large Water Intakes about reservoir levels, meteorological forecasts, and 
inflow of water into the system. 

3. Owners of Public Water Supply intakes and other intakes with a capacity greater 
than 100,000 gallons per day used for irrigation will complete the following activities 
within 14 days after the Stage 1 LIC declaration: 

a. Notify their water customers of the Low Inflow Condition through public 
outreach and communication efforts. 

b. Request that their water customers implement voluntary water use 
restrictions, in accordance with their drought response plans, which may 
include: 

� Reduction of lawn and landscape irrigation to no more than two days per 
week (i.e. residential, multi-family, parks, streetscapes, schools, etc). 

� Reduction of residential vehicle washing.

At this level, the goal is to reduce water usage by approximately 3-5% from 
the amount that would otherwise be expected.  The baseline for this 
comparison will be generated by each entity and will be based on existing 
conditions (i.e. drought conditions).  For the purposes of determining ‘the 
amount that would otherwise be expected’, each entity may give 
consideration to one or more of the following:

� Historical maximum daily, weekly, and monthly flows during drought 
conditions. 

� Increased customer base (e.g. population growth, service area 
expansion) since the historical flow comparison. 

� Changes in major water users (e.g. industrial shifts) since the historical 
flow comparison. 

� Climatic conditions for the comparison period. 

� Changes in water use since the historical flow comparison. 

� Other system specific considerations. 

c. Provide a status update to the CW-DMAG on actual water withdrawal trends.  
Discuss plans for moving to mandatory restrictions, if required. 

4. Owners of Large Water Intakes, other than those referenced in item 3 above, will 
complete the following activities within 14 days after the Stage 1 LIC declaration: 

a. Notify their customers of the Low Inflow Condition through public outreach 
and communication efforts.

b. Request that their customers conserve water through reduction of water use, 
electric power consumption, and other means.

c. Provide a status update to the CW-DMAG on actual water withdrawal trends. 
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Stage 2 Actions:

1. The Licensee will declare a Stage 2 Low Inflow Condition (LIC) and notify the CW-
DMAG if: 

a. On the first day of the month, Storage Index is at or below 75% of the Target 
Storage Index, but greater than 57% of the Target Storage Index, while 
providing the Stage 1 Minimum Project Flows during the previous month. 

and either of the following conditions exists: 

b. The U.S. Drought Monitor Three-Month Numeric Average has a value greater 
than or equal to 2.    

c. The sum of the actual rolling six-month average streamflows at the Monitored 
USGS Streamflow Gages is equal to or less than 65% of the sum of the 
period of record rolling  average streamflows for the same six-month period. 

2. The Licensee will complete the following activities within 5 days after the Stage 2 LIC 
declaration: 

a. Eliminate prescribed recreation flow releases at this stage and all subsequent 
stages. Reduce the remaining Project Flow Requirements by 95% of the 
difference between the Project Flow Requirements and Critical Flows. These 
reduced flows are referred to as Stage 2 Minimum Project Flows. 

b. Reduce the Stage 1 Minimum Elevations by one additional foot (two feet total 
below Normal Minimum Elevation) at each reservoir, except by one additional 
foot at Lake James (three feet total below Normal Minimum Elevation) and 
two additional feet at Lake Norman (four feet total below Normal Minimum 
Elevation), but not to levels at any reservoir below the Critical Reservoir 
Elevations.  These elevations are referred to as the Stage 2 Minimum 
Elevations.   

c. Update its website and IVR messages to account for the impacts of the LIP 
on reservoir levels, usability of the Licensee’s public access areas, and 
recreation flow schedules. 

d. Provide bi-weekly information updates to owners of Large Water Intakes 
about reservoir levels, meteorological forecasts, and inflow of water into the 
system. 

3. Owners of Public Water Supply intakes and other intakes with a capacity greater 
than 100,000 gallons per day used for irrigation will complete the following activities 
within 14 days after the Stage 2 LIC declaration: 

a. Notify their water customers of the continued Low Inflow Condition and 
movement to mandatory water use restrictions through public outreach and 
communication efforts.

b. Require that their water customers implement mandatory water use 
restrictions, in accordance with their drought response plans, which may 
include: 

� Limiting lawn and landscape irrigation to no more than two days per week 
(i.e. residential, multi-family, parks, streetscapes, schools, etc). 

� Eliminating residential vehicle washing. 
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� Limiting public building, sidewalk, and street washing activities except as 
required for safety and/or to maintain regulatory compliance. 

At this level, the goal is to reduce water usage by approximately 5-10% from 
the amount that would otherwise be expected (as discussed in Stage 1 
above). 

c. Enforce mandatory water use restrictions through the assessment of 
penalties. 

d. Provide a status update to the CW-DMAG on actual water withdrawal trends. 

4. Owners of Large Water Intakes, other than those referenced in item 3 above, will 
complete the following activities within 14 days after the Stage 2 LIC declaration: 

a. Continue informing their customers of the Low Inflow Condition through public 
outreach and communication efforts. 

b. Request that their customers conserve water through reduction of water use, 
electric power consumption, and other means.

c. Provide a status update to the CW-DMAG on actual water withdrawal trends. 

Stage 3 Actions:

1. The Licensee will declare a Stage 3 Low Inflow Condition (LIC) and notify the CW-
DMAG if: 

a. On the first day of the month, Storage Index is at or below 57% of the Target 
Storage Index, but greater than 42% of the Target Storage Index, while 
providing the Stage 2 Minimum Project Flows during the previous month. 

and either of the following conditions exists: 

b. The U.S. Drought Monitor Three-Month Numeric Average has a value greater 
than or equal to 3. 

c. The sum of the actual rolling six-month average streamflows at the Monitored 
USGS Streamflow Gages is equal to or less than 55% of the sum of the 
period of record rolling average streamflows for the same six-month period. 

2. The Licensee will complete the following activities within 5 days after the Stage 3 LIC 
declaration: 

a. Reduce the Stage 2 Minimum Project Flows to Critical Flows.  These reduced 
flows are referred to as Stage 3 Minimum Project Flows. 

c. Reduce the Stage 2 Minimum Elevations by one additional foot (three feet 
total below Normal Minimum Elevation) at each reservoir, except by seven 
additional feet at Lake James (ten feet total below Normal Minimum 
Elevation) and one additional foot at Lake Norman (five feet total below 
Normal Minimum Elevation), but not to levels at any reservoir below the 
Critical Reservoir Elevations.  These elevations are referred to as the Stage 3 
Minimum Elevations.   

d. Update its website and IVR messages to account for the impacts of the LIP 
on reservoir levels, usability of the Licensee’s public access areas, and 
recreation flow schedules. 
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e. Provide bi-weekly information updates to owners of Large Water Intakes 
about reservoir levels, meteorological forecasts, and inflow of water into the 
system. 

3. Owners of Public Water Supply intakes and other intakes with a capacity greater 
than 100,000 gallons per day used for irrigation will complete the following activities 
within 14 days after the Stage 3 LIC declaration: 

a. Notify their water customers of the continued Low Inflow Condition and 
movement to more stringent mandatory water use restrictions through public 
outreach and communication efforts. 

b. Require that their water customers implement increased mandatory water 
use restrictions, in accordance with their drought response plans, which may 
include: 

� Limiting lawn and landscape irrigation to no more than one day per week 
(i.e. residential, multi-family, parks, streetscapes, schools, etc). 

� Eliminating residential vehicle washing. 

� Limiting public building, sidewalk, and street washing activities except as 
required for safety and/or to maintain regulatory compliance. 

� Limiting construction uses of water such as dust control. 

� Limiting flushing and hydrant testing programs, except to maintain water 
quality or other special circumstances. 

� Eliminating the filling of new swimming pools. 

At this level, the goal is to reduce water usage by approximately 10-20% from 
the amount that would otherwise be expected (as discussed in Stage 1 
above). 

c. Enforce mandatory water use restrictions through the assessment of 
penalties. 

d. Encourage industrial/manufacturing process changes that reduce water 
consumption. 

e. Provide a status update to the CW-DMAG on actual water withdrawal trends. 

4. Owners of Large Water Intakes, other than those referenced in item 3 above, will 
complete the following activities within 14 days after the Stage 3 LIC declaration: 

a. Continue informing their customers of the Low Inflow Condition through public 
outreach and communication efforts. 

b. Request that their customers conserve water through reduction of water use, 
electric power consumption, and other means.

c. Provide a status update to the CW-DMAG on actual water withdrawal trends. 

Stage 4 Actions:

1. The Licensee will declare a Stage 4 Low Inflow Condition (LIC) and notify the CW-
DMAG if: 
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a. On the first day of the month, Storage Index is at or below 42% of the Target 
Storage Index, while providing the Stage 3 Minimum Project Flows during the 
previous month.  

and either of the following conditions exists: 

b. The U.S. Drought Monitor Three-Month Numeric Average has a value of 4. 

c. The sum of the actual rolling six-month average streamflows at the Monitored 
USGS Streamflow Gages is equal to or less than 40% of the sum of the 
period of record rolling six-month average streamflows for the same six-
month period. 

2. The Licensee will: 

a. Continue to provide Critical Flows as long as possible. 

b. Reduce the Stage 3 Minimum Elevations to the Critical Reservoir Elevations. 

c. Establish a meeting date and notify the CW-DMAG within 1 day following the 
Stage 4 LIC declaration.

d. Continue to update its website and IVR messages to account for the impacts 
of the LIP on reservoir levels, usability of the Licensee’s public access areas, 
and recreation flow schedules. 

e. Provide bi-weekly information updates to owners of Large Water Intakes 
about reservoir levels, meteorological forecasts, and inflow of water into the 
system. 

Note: Once a Stage 4 LIC is declared, the Remaining Usable Storage in the 
reservoir system is small and can be fully depleted in a matter of weeks or 
months. Groundwater recharge may also contribute to declining reservoir 
levels.  For these reasons in the Stage 4 LIC, the Licensee may not be able 
to ensure that releases from its hydro developments will meet or exceed 
Critical Flows or that reservoir elevations will be greater than or equal to 
the Critical Reservoir Elevations.

3. Owners of Public Water Supply intakes and other intakes with a capacity greater 
than 100,000 gallons per day used for irrigation will complete the following activities 
within 14 days after the Stage 4 LIC declaration: 

a. Notify their water customers of the continued Low Inflow Condition and 
movement to emergency water use restrictions through public outreach and 

communication efforts.

b. Restrict all outdoor water use. 

c. Implement emergency water use restrictions in accordance with their drought 
response plans, including enforcement of these restrictions and assessment 
of penalties. 

d. Prioritize and meet with their commercial and industrial large water customers 
to discuss strategies for water reduction measures including development of 
an activity schedule and contingency plans.  

e. Prepare to implement emergency plans to respond to water outages. 

At this level, the goal is to reduce water usage by approximately 20-30% from the 
amount that would otherwise be expected (as discussed in Stage 1 above).  
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4. Owners of Large Water Intakes on the CW-DMAG, other than those referenced in 
item 3 above, will complete the following activities within 14 days after the Stage 4 
LIC declaration: 

a. Continue informing their customers of the Low Inflow Condition through public 
outreach and communication efforts. 

b. Request that their customers conserve water through reduction of water use, 
electric power consumption, and other means.

5. The CW-DMAG will: 

a. Meet within 5 days after the declaration of the Stage 4 LIC and determine if 
there are any additional measures that can be implemented to:  

(1) reduce water withdrawals; 

(2) reduce water releases from the Project; or  

(3) utilize additional reservoir storage without creating more severe 
regional problems. 

b. Work together to develop plans and implement any additional measures 
identified above.  

Recovery from the Low Inflow Protocol

1. Recovery from the LIP will simply reverse the same staged approach as noted 
above, except that: 

a. All three of the trigger points identified above for declaring the lower 
numbered stage must be met or exceeded before returning reservoir levels 
and flows to that LIC stage, Low Inflow Watch, or Normal Conditions. 

b. The following groundwater level trigger points must also be attained before 
returning reservoir levels and flows to that LIC stage, Low Inflow Watch, or 
Normal Conditions: 

USGS has reviewed available well records and has determined that there 
are existing wells with an adequate period that can be used for this process 
and has also determined that additional wells are needed in order to 
include groundwater data as part of the recovery.

Groundwater Trigger Points (depth below land surface (feet)) for Returning to:

Groundwater Monitor
[Reg.=regolith; BR=bedrock]

Stage 3
(a)

Stage 2
(b)

Stage 1
(c)

LIW
(d)

Normal
(d)

#1 Future Well Placeholder       

#2 Future Well Placeholder       

#3 Future Well Placeholder       

#4 Future Well Placeholder       

#5 Future Well Placeholder       
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Groundwater Trigger Points (depth below land surface (feet)) for Returning to:

Groundwater Monitor
[Reg.=regolith; BR=bedrock]

Stage 3
(a)

Stage 2
(b)

Stage 1
(c)

LIW
(d)

Normal
(d)

#6 USGS Langtree Peninsula RS Reg. well 
MW-2 & BR well MW-2D 

24.91 23.61 22.21 18.21 18.21 

#7 USGS Linville RS NC-220 BR well 2.74 2.19 2.11 2.04 2.04 

#8 NC DWR Glen Alpine BR well L 76G2 10.01 9.03 8.32 7.69 7.69 

#9 Future Well Placeholder       

#10 Future Well Placeholder       

Note:  USGS groundwater levels calculated from daily mean data.  NCDWR water levels 
calculated from hourly data.  All trigger levels calculated from water levels collected 
through the 2005 water year.  Trigger groundwater levels may be updated on a yearly or 
water-year basis.
Footnotes: 

(a) Stage 3:  Period of record low water level 
(b) Stage 2:  10th percentile 
(c) Stage 1:  25th percentile 
(d) LIW and Normal:  50th percentile 

2. The NCDENR, SCDNR, SCDHEC, USGS and the Licensee will determine when 
attainment of the groundwater trigger points for recovery is reached. 

3. The Licensee will directly notify the CW-DMAG members within 5 days following 
attainment of all the trigger points necessary to recover to a lower stage of the LIC, 
Low Inflow Watch, or Normal Conditions.  

4. The Licensee will update its website and IVR messages to account for the impacts of 
the LIP on reservoir levels, usability of the Licensee’s public access areas, and 
recreation flow schedules. 
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Low Inflow Protocol
for the

Yadkin & Yadkin-Pee Dee River Hydroelectric Projects

GOAL

The fundamental goal of this Low Inflow Protocol (LIP) is to take staged actions in the Yadkin-
Pee Dee River Basin needed to delay the point at which available water storage in the Yadkin 
Hydroelectric Project (Federal Energy Regulatory Commission – FERC No. 2197) and the 
Yadkin-Pee Dee Hydroelectric Project (FERC No. 2206) (collectively, projects) reservoirs is fully 
depleted while maintaining downstream flows. This LIP is intended to provide additional time to 
increase the probability that precipitation will restore streamflow and reservoir water elevations 
to normal ranges. The amount of additional time that is gained during implementation of this
LIP depends on the diagnostic accuracy of the trigger points, the amount of regulatory flexibility 
available to operate the projects, and the effectiveness of the projects’ operators and the water 
users in working together to implement required actions and achieve significant water use 
reductions.  It is assumed that water users in the Yadkin-Pee Dee River Basin not subject to this 
LIP must comply with all applicable State and local drought response requirements. 

More specifically, this LIP establishes procedures for adjusting operations during periods of low 
inflow to the Yadkin Hydroelectric Project owned and operated by Alcoa Power Generating Inc. 
(APGI) and the Yadkin-Pee Dee River Hydroelectric Project owned by Carolina Power & Light 
Company and operated by Progress Energy Carolinas, Inc. (PE) (collectively, Licensees) during 
the term of the new FERC licenses issued for these projects.  The provisions of this LIP should 
be interpreted in a manner consistent with all other provisions of the new FERC licenses. 

OVERVIEW

This LIP will be implemented during periods when there is not enough water flowing into the 
projects’ reservoirs to meet the projects’ Required Minimum Instream Flows while maintaining 
reservoir water elevations within Normal Operating Ranges. This LIP provides trigger points and 
operating procedures that the Licensees will follow for the projects. This LIP also specifies water 
withdrawal reduction measures for other water users in portions of the Yadkin-Pee Dee River 
Basin.

The Licensees will provide flow from storage in the projects’ reservoirs to support hydroelectric 
generation and to provide Required Minimum Instream Flows in accordance with their 
respective new FERC licenses.  During periods of normal inflow, reservoir water elevations will 
be maintained within their Normal Reservoir Operating Ranges.  During times that inflow is not 
adequate to provide Required Minimum Instream Flows and maintain reservoir water elevations 
within their Normal Reservoir Operating Ranges, the Licensees will reduce releases for 
hydroelectric generation.  If reservoir storage continues to drop and climatologic or hydrologic 
conditions worsen until trigger points defined in this LIP are reached, the Licensees will 
implement additional provisions of this LIP, including meeting with the designated agencies and 
water users to discuss the need for actions pursuant to this LIP.  If conditions worsen, 
progressive stages of this LIP will allow additional use of the available water storage inventory,
while conserving water storage volumes through required reductions in LIP Flows and required 
reductions in water withdrawals.
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Implementation of this LIP and movement between the various stages are based on 
measurements of Stream Gage Three-Month Rolling Average Flow, U. S. Drought Monitor 
Three-Month Numeric Average, and the High Rock Reservoir water elevation. The calculation of 
these triggers and specific thresholds associated with each stage are detailed in this LIP.

Recognizing that improvements to this LIP may be identified during the new FERC license 
period, this LIP will be re-evaluated as defined in Key Definitions, Facts and Assumptions No. 
18.

KEY DEFINITIONS, FACTS, AND ASSUMPTIONS 

1. Low Inflow Watch or Low Inflow Condition – A period of time when there is not enough water 
flowing into the projects’ reservoirs to meet the projects’ Required Minimum Instream Flows 
while maintaining reservoir water elevations within Normal Reservoir Operating Ranges.

2. LIP Flows – For the purposes of this LIP, this term refers to the flows defined in Table 6. 

3. Required Minimum Instream Flows – For the purposes of this LIP, this term includes the 
minimum flow requirements included in the new FERC licenses for the projects.

4. Public Information Obligations – The Licensees will develop and provide information on their 
respective websites to inform the public on reservoir water elevations, project releases, 
usability of public access areas, reservoir inflows, meteorological forecasts, Historic and 
Actual Stream Gage Three-Month Rolling Average Flow calculations, U.S. Drought Monitor 
Three-Month Numeric Average calculations, LIP status, YPD-DMAG meeting summaries,
and  implementation of maintenance or emergency operation plans. 

5. Stream Gage Three-Month Rolling Average Flow – The three-month rolling average of 
streamflow will be calculated at the following USGS stream gages: 

• Yadkin River at Yadkin College (02116500) 
• South Yadkin River near Mocksville (02118000)
• Abbotts Creek at Lexington (02121500)
• Rocky River near Norwood (02126000)

This flow will be calculated on the last day of each month by averaging the monthly average 
of the current month and the two preceding months.  The sum of the three-month rolling 
average for these four gage stations will be compared to the Historic Stream Gage Three-
Month Rolling Average Flow for the corresponding period.

6. Historic Stream Gage Three-Month Rolling Average Flow – The daily flow for each of the 
four designated USGS stream gages has been used to calculate a monthly average flow for 
the period of record 1974 through 2003.  Because the USGS only began gaging flows for 
Abbotts Creek in 1988, the historical average for this gage will be based on the period 1988 
through 2003.  The historic three-month rolling average flow for each month of the year, 
presented in Table 1, was calculated on the last day of each month of the year by averaging 
the monthly average flow for each month and the preceding two months.  The use of the 
period of record 1974 through 2003 to calculate the historic three-month rolling average flow 
will be evaluated every five years during the review of this LIP (see Key Definitions, Facts, 
and Assumptions No. 18).
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Table 1. Historic Stream Gage Three-Month Rolling Average Flow

For Evaluation of 
Flow Trigger on:

Average of daily flows 
during:

Historic Three-Month
Rolling

Average Flow, cfs

January 1 Oct-Nov-Dec 4,000
February 1 Nov-Dec-Jan 5,200
March 1 Dec-Jan-Feb 6,250
April 1 Jan-Feb-Mar 7,700
May 1 Feb-Mar-Apr 7,550
June 1 Mar-Apr-May 6,850
July 1 Apr-May-Jun 5,350
August 1 May-Jun-Jul 4,200
September 1 Jun-Jul-Aug 3,600
October 1 Jul-Aug-Sep 3,200
November 1 Aug-Sep-Oct 3,300
December 1 Sep-Oct-Nov 3,550

7. Full Pond Elevation – Also referred to as “Full Pond”, this is the elevation of a reservoir
(measured in feet, USGS datum [NGVD 1929]) that corresponds to the point at which water 
would first begin to spill from each reservoir’s dam if the respective Licensee took no action.
This elevation corresponds to the lowest point along the top of the spillway (including 
flashboards) for reservoirs without flood gates; and to the lowest point along the top of the 
flood gates for reservoirs that have flood gates. The Full Pond Elevation for each projects’ 
reservoirs is listed in Table 2.

Table 2. Full Pond Elevations

Reservoir Full Pond Elevation
(feet, USGS datum - NGVD 1929)

High Rock 623.9
Tuckertown 564.7

Narrows 509.8
Falls 332.8
Tillery 278.2

Blewett Falls 178.1

8. Normal Reservoir Operating Range – The band of reservoir water elevations within which 
the Licensees normally attempt to maintain a given reservoir on a given day. Each reservoir 
has its own specific Normal Reservoir Operating Range, bounded by Full Pond Elevation 
and Normal Minimum Elevation. If net inflows to the reservoir are within a reasonable 
tolerance of the average or expected amounts, project equipment is operating properly, and 
if maintenance or emergency operation plans have not been implemented, reservoir water 
elevation excursions outside of the Normal Reservoir Operating Range should not occur.
The new FERC license for the Yadkin Project includes operating curves that establish the 
Normal Reservoir Operating Range for each Yadkin Project reservoir.



Yadkin Hydroelectric Project (FERC No. 2197) A-4 February 2007
Relicensing Settlement Agreement

9. Normal Minimum Elevation (NME) – The elevation of a reservoir (measured in feet, USGS 
datum [NGVD 1929]) that defines the bottom of the reservoir’s Normal Operating Range for 
a given day of the year. NME for each of the projects’ reservoirs is listed in Table 3.

Table 3. Normal Minimum Elevations (feet, USGS datum - NGVD 1929)
Month High

Rock
Tucker-

town Narrows Falls Tillery Blewett
Falls

Full Pond 623.9 564.7 509.8 332.8 278.2 178.1
January 1 613.9 561.7 504.8 328.8 273.2 172.1
February 1 613.9 561.7 504.8 328.8 273.2 172.1
March 1 transition 561.7 504.8 328.8 275.7 172.1
April 1 619.9 561.7 504.8 328.8 275.7 172.1
May 1 619.9 561.7 504.8 328.8 275.7 172.1
June 1 619.9 561.7 504.8 328.8 275.7 172.1
July 1 619.9 561.7 504.8 328.8 275.7 172.1
August 1 619.9 561.7 504.8 328.8 275.7 172.1
September 1 619.9 561.7 504.8 328.8 275.7 172.1
October 1 619.9 561.7 504.8 328.8 275.7 172.1
November 1 transition 561.7 504.8 328.8 275.7 172.1
December 1-15 613.9 561.7 504.8 328.8 275.7 172.1
December16-31 613.9 561.7 504.8 328.8 273.2 172.1

10. Public Water System – For the purposes of this LIP, a Public Water System is any publicly 
or privately owned water system that supplies potable water to the public having an
instantaneous withdrawal capacity of one million gallons per day or more, and withdraws 
from storage in the projects’ reservoirs.

11. Non-Public Water User – For the purposes of this LIP, a Non-Public Water User is any 
publicly or privately owned water withdrawer that withdraws water for uses other than 
supplying potable water to the public, having an instantaneous withdrawal capacity of one 
million gallons per day or more that withdraws from storage in the projects’ reservoirs.

12. U.S. Drought Monitor – A synthesis of multiple indices, outlooks, and news accounts 
(published by the U. S. Department of Agriculture) that represent a consensus of federal and 
academic scientists concerning the drought status of all parts of the United States. Typically, 
the U.S. Drought Monitor indicates intensity of drought as D0-Abnormally Dry, D1-Moderate,
D2-Severe, D3-Extreme and D4-Exceptional. The current U.S. Drought Monitor and 
explanatory material can be found at http://www.drought.unl.edu/dm/monitor.html.

13. U.S. Drought Monitor Three-Month Numeric Average – If the U.S. Drought Monitor has a 
designation ranging from D0 to D4 as of the last day of a month for any part of the Yadkin-
Pee Dee River Basin that drains to the Blewett Falls development, the basin will be 
assigned a numeric value for that month. The numeric value will equal the highest U.S. 
Drought Monitor designation (e.g. D0=0, D1=1, D2=2, D3=3 and D4=4) for any part of the 
Yadkin-Pee Dee River Basin draining to Blewett Falls development as of the last day of the 
month. A normal condition in the basin, defined as the absence of a drought designation, will 
be assigned a numeric value of negative one (-1). A rolling average of the numeric values of 
the current month and previous two months will be calculated by APGI at the end of the 
month and designated as the U.S. Drought Monitor Three-Month Numeric Average for 
purposes of this LIP.
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14. Critical Reservoir Water Elevation – The reservoir water elevation (measured in feet, USGS 
datum [NGVD 1929]) below which a Public Water System intake, Non-Public Water User’s 
intake, or hydropower plant located on the reservoir cannot operate under normal 
conditions.  Critical Reservoir Water Elevations are defined in Table 4.

Table 4. Critical Reservoir Water Elevation 

Reservoir
Critical Reservoir
Water Elevation

measured at the dam
(feet  USGS Datum - NGVD1929)

Type

High Rock 599.9 (24 ft below full pool) Hydropower Production
Tuckertown 560.7 (4 ft below full pool) Public Water Supply
Narrows 486.8 (23 ft below full pool) Public Water Supply
Falls 322.8 (10 ft below full pool) Hydropower Production
Tillery 268.2 (10 ft below full pool) Public Water Supply

Blewett Falls 168 (10.1 ft below full pool) Public Water Supply/ Hydropower
Production

15. Critical Flow – The flows from the projects that are necessary to prevent long-term or 
irreversible damage to aquatic communities consistent with the resource management goals 
and objectives for the affected stream reaches and necessary to provide some basic level of 
water quality maintenance in affected river reaches. For the purposes of this LIP, the 
Critical Flows are defined as follows:

• Falls Development – the Critical Flow from the Falls Development is equal to 770 cfs 
measured on a daily average basis.

• Tillery Development – the Critical Flow from the Tillery Development is the same as 
required minimum instream flow as defined in the new FERC license for Yadkin Pee-
Dee River Hydroelectric Project.

• Blewett Falls Development – the Critical Flow from the Blewett Falls Development is 
925 cfs measured on a continuous basis.

16. Organizational Abbreviations – Organizational abbreviations include Alcoa Power 
Generating Inc. (APGI), Progress Energy (PE), NC Department of Environment and Natural 
Resources (NCDENR), North Carolina Division of Water Resources (NCDWR), North 
Carolina Division of Water Quality (NCDWQ), North Carolina Wildlife Resources 
Commission (NCWRC), South Carolina Department of Natural Resources (SCDNR), South 
Carolina Department of Health and Environmental Control (SCDHEC), the United States 
Fish and Wildlife Service (USFWS), High Rock Lake Association (HRLA), Badin Lake 
Association (BLA), and South Carolina Pee Dee River Coalition (SCPDRC).
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17. Yadkin-Pee Dee River Basin Drought Management Advisory Group (YPD-DMAG) –The
YPD-DMAG is established to facilitate implementation and review of this LIP.  Members of 
the YPD-DMAG agree to comply with this LIP.  Membership on the YPD-DMAG is open to 
one representative from each of the following organizations:

• APGI
• PE
• NCDWR
• NCDWQ
• NCWRC
• SCDNR
• SCDHEC
• USFWS
• Duke Power
• HRLA
• BLA
• Lake Tillery homeowners representation
• SCPDRC
• All owners of a Public Water System intake or a Non-Public Water User’s intake that 

withdraw from storage in one of the projects’ reservoirs.

The Licensees will share the responsibility to notify NCDWR of a Low Inflow Condition. 
NCDWR and SCDNR will share responsibility to coordinate with the YPD-DMAG including 
notifying, setting agendas, leading discussions, and providing call/meeting summaries.
Regardless of the Low Inflow Condition, coordination will include a meeting convened 
annually by NCDWR during April to discuss issues relevant to this LIP.  Membership in the 
YPD-DMAG may be expanded based on a consensus of the members or at the direction of 
FERC. The NCDWR will maintain an active roster of the YPD-DMAG, will prepare meeting
summaries of all YPD-DMAG meetings. 

18. Revising this LIP – During the new FERC license period, the YPD-DMAG will be convened 
by NCDWR and SCDNR at least once every five (5) years to review and, if necessary, 
update this LIP.  Decisions on modifications to the Licensees’ responsibilities under this LIP, 
if any, will be determined by consensus of the Licensees and the States of North Carolina 
and South Carolina (specifically NCDWR, NCDWQ, SCDNR, SCDHEC) after consultation 
with other members of the YPD-DMAG.  Proposed modification to the Licensees’ 
responsibilities will be submitted to FERC for review and approval as necessary.
Modifications to the responsibilities of other members (not the FERC licensees) of the YPD-
DMAG under this LIP, if any, will be determined by consensus of those members after 
consultation with the Licensees. Approved modifications will be incorporated through 
revision of this LIP.  The YPD-DMAG may appoint an ad hoc committee to consider issues 
relevant to this LIP. An issue such as the substitution of a regional drought monitor for the 
U.S. Drought Monitor, if developed in the future, or proportional drawdown of storage 
reservoirs during LIP stages are examples of items that may be considered.

19. Consensus –  The unanimous support of all Parties, or at least no opposition from any 
Party.

20. Water Withdrawal Data Collection and Reporting – The owners of all water intakes impacted 
by this LIP are to comply with water use reporting requirements of the appropriate State 
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Agencies. The YPD-DMAG can request and should receive relevant water use information 
from the appropriate state agency or directly from the owners of individual intakes.

21. Drought Response Plan Updates – All Public Water Supply System owners and Non-Public
Water Users subject to this LIP will review and update their drought response plans, or 
develop a plan if they do not have one, to ensure compliance and coordination with this LIP, 
including the authority to enforce the provisions outlined herein.  Nothing in this LIP is 
intended to prevent Public Water System owners or Non-Public Water Users from taking 
more restrictive actions or from complying with any applicable law or regulation.

22. Relationship Between this LIP and Maintenance and Emergency Plans – Maintenance and
emergency plans outline the general approach the Licensees will take under certain 
maintenance, emergency, equipment failure and other situations to continue practical and 
safe operation of the projects; to maintain operations consistent with the new FERC license
conditions to the maximum extent possible; and to communicate with resource agencies and 
the affected parties. Under these plans, temporary modifications to Required Minimum
Instream Flow releases, and the Normal Reservoir Operating Ranges are allowed.
Lowering projects’ reservoir water elevations caused by situations addressed under 
maintenance and emergency plans will not invoke implementation of this LIP.  Also, if this
LIP has already been implemented at the time that a situation covered by these plans is
initiated, the Licensee may suspend implementation of this LIP until the maintenance or
emergency situation has been eliminated. Notification will be provided by the Licensees to
the State Agencies as soon as practicable.

PROCEDURE

A Low Inflow Watch or Low Inflow Condition, as specifically defined below, will be triggered by 
the combination of conditions defined in Table 5.  This LIP will be implemented at Stage 0 and, 
if the combination of conditions becomes more severe, the stage will increase in one stage 
increments.  The Licensees and other water users will follow the procedure set forth in this 
section regarding communications and adjustments to flows and other water demands.
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The LIP Flows set forth in Table 6 will be initiated on a monthly basis and are designed to 
equitably allocate the impacts of reduced water availability in accordance with the goal of this 
LIP.  Initiation of this LIP will be based on analysis of the trigger conditions on the first day of 
each month. The High Rock Reservoir water elevation as of midnight between the last day of 
the previous month and the first day of the current month will be used in combination with the 
U.S. Drought Monitor Three-Month Numeric Average and the Stream Gage Three-Month
Rolling Average Flow to determine the need to declare a Low Inflow Watch or change the stage 
of Low Inflow Conditions. 

Table 5.  Summary of LIP Triggers

Stage High Rock Reservoir 
Elevation

US Drought Monitor 
Three-Month Numeric 

Average

Stream Gage Three-Month
Rolling Average

as a percent of the
Historical Average

<  NME minus 0.5 ft and any or any
OR0

<  NME and either ≥ 0 or < 48 %

1 < NME minus 1 ft and either ≥ 1 or < 41 %

2 < NME minus 2 ft and either ≥ 2 or <35 %

3 < NME minus 3 ft and either ≥  3 or <30 %

4 < ½ of ( NME minus Critical 
Reservoir Water Elevation) and either ≥  4 or <30 %

Table 6.  LIP Flows(1), cfs
High Rock

(daily average 
maximum flow target)

Falls(2)

(daily average flow target)
Blewett Falls (2)

(continuous flow target(3))Stage
Feb 1–
May 15

May 16-
31

Jun 1-
Jan 31

Feb 1–
May 15

May 16-
31

Jun 1-
Jan 31

Feb 1–
May 15

May 16-
31

Jun 1-
Jan 31

0 2000 1500 1000 2000 1500 1000 2400 1800 1200
1 1450 1170 900 1450 1170 900 1750 1400 1080
2 1080 950 830 1080 950 830 1300 1150 1000
3 770 770 770 770 770 770 925 925 925

4 Additional measures may be determined by consensus of the Licensees and State Agencies.  FERC approval of 
any additional measures may be required.

1 Consistent with the goal of this LIP to conserve water while maintaining downstream flows, projects will be operated to 
achieve the target flows to the extent practicable as a first priority and to supplement inflows equitably from the storage 
reservoirs as a second priority.

2 The LIP flow values shown in the table above reflect flow  targets.  These values cannot be met exactly as shown and will 
likely vary slightly on a real time basis from the values shown here.  It is expected that the variances from the target flows 
will be minimal. In Stages 0-2 the releases from Blewett Falls w ill be within 5% of the target as measured  at the USGS 
Rockingham gage.  In stages 3-4 the releases from Blewett Falls will be between 900-950 cfs as measured  at the USGS 
Rockingham gage.

3 Local inflows to Blewett Falls Reservoir may be large even during extended low inflow conditions. If at any time during 
the implementation of the LIP local inflows to Blewett Falls Reservoir are large enough to fill Blewett Falls Reservoir to full 
pond, the Downstream Licensee may temporarily increase Blewett Falls generation to avoid spill.
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Stage 0 - Low Inflow Watch:

The Licensees will monitor High Rock Reservoir water elevations, the U.S. Drought Monitor and 
the designated stream gages and will declare a Stage 0 Low Inflow Watch for the month if the 
following conditions are present on the first day of the month:

• If the High Rock Reservoir water elevation is below the NME minus 0.5 ft under any 
inflow or drought condition.

OR

• The High Rock Reservoir water elevation is below its NME. 

AND EITHER 

• The U.S. Drought Monitor Three-Month Numeric Average for the Yadkin-Pee
Dee River Basin draining to Blewett Falls Development is greater than or 
equal to zero.

OR

• The Stream Gage Three-Month Rolling Average Flow for the monitored 
stream gages is less than 48% of the Historic Stream Gage Three-Month
Rolling Average Flow.

When a Stage 0 Low Inflow Watch is declared:

1. The Licensees will notify via email the NCDWR of a Stage 0 Low Inflow Watch as soon as 
practicable but no later than three business days after the declaration.

2. The NCDWR will activate the YPD-DMAG and initiate monthly meetings or conference calls 
to be held on the Monday before the second Tuesday. Monthly discussions will:

a. Review provisions of this LIP.
b. Clarify communication channels between the YPD-DMAG members.
c. Review hydrological status of the basin.
d. Review the roles of each YPD-DMAG member and discuss their plans for responding if 

an elevated Low Inflow Condition is declared.
e. Review information reporting by YPD-DMAG members, including a storage history and 

forecast from the Licensees, a water use history and forecast from each water user on 
the YPD-DMAG, and state-wide drought response status (including, but not limited to, 
impact to water quality, fisheries, wildlife, etc.) from the member agencies.

f. Public communications.
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Stage 1 - Low Inflow Condition:

The Licensees will monitor High Rock Reservoir water elevations, the U.S. Drought Monitor and 
the designated stream gages and will declare a Stage 1 Low Inflow Condition for the month if 
the following conditions are present on the first of the month:

• The prior month LIP condition was Stage 0;

AND

• The High Rock Reservoir water elevation is more than 1 ft below the NME;

AND EITHER 

• The U.S. Drought Monitor Three-Month Numeric Average for the Yadkin-Pee
Dee River Basin draining to Blewett Falls Development is greater than or 
equal to 1.

OR

• The Stream Gage Three-Month Rolling Average Flow for the monitored 
stream gages is less than 41% of the Historic Stream Gage Three-Month
Rolling Average Flow.

When a Stage 1 Low Inflow Condition is declared:

1. The Licensees will:

a. Notify NCDWR of declaration of a Stage 1 Low Inflow Condition via email as soon as 
practicable but no later than two business days after the declaration.

b. Implement LIP Flows as detailed in Table 6 for each project by the seventh day of the 
month in which a Stage 1 Low Inflow Condition is declared. To meet the LIP Flows for 
Stage 1 :

• APGI will supplement Project inflows by drawing first from Narrows Reservoir until 
the Narrows Reservoir drawdown below its NME matches the High Rock Reservoir 
drawdown below its NME at the time that the Stage 1 Low Inflow Condition is 
declared.

• APGI will supplement Project inflows by drawing from High Rock and Narrows 
reservoirs approximately equally on a foot-per-foot basis below the Normal Minimum 
Elevation (NME).

• PE will supplement Project inflows by drawing from either Tillery or Blewett Falls as 
required.

c. Update their respective websites as noted in Key Definitions, Facts and Assumptions 
No. 4.

d. Provide Public Water System intake owners and Non-Public Water Users with weekly 
updates on reservoir water elevations and inflow of water into the projects’ reservoirs. 
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2. If they have not already done so, NCDWR will coordinate with SCDNR to conduct monthly 
meetings or conference calls to be held on the Monday before the second Tuesday. Monthly 
discussions will:

a. Review provisions of this LIP.
b. Clarify communication channels between the YPD-DMAG members.
c. Review hydrological status of the basin.
d. Review the roles of each YPD-DMAG member and discuss their plans for responding if 

an elevated Low Inflow Condition is declared.
e. Review information reporting by YPD-DMAG members, including a storage history and 

forecast from the Licensees, a water use history and forecast from each water user on 
the YPD-DMAG, and state-wide drought response status (including, but not limited to, 
impact to water quality, fisheries, wildlife, etc.) from the member agencies.

f. Public communications.

3. Owners of Public Water System intakes will complete the following activities within 14 days
after a Stage 1 Low Inflow Condition is declared:

a. Notify their water customers of the low inflow condition through public outreach and 
communication efforts.

b. Request that their water customers implement voluntary water use restrictions, in 
accordance with their drought response plans.  At this stage, the goal is to reduce water 
withdrawals by approximately 5% from the amount that would otherwise be expected.
These restrictions may include:

• Reduction of lawn and landscape irrigation to no more than two days per week (i.e. 
residential, multi-family, parks, streetscapes, schools, etc).

• Reduction of residential vehicle washing.
c. Provide a status update to the YPD-DMAG on actual water withdrawal trends and 

discuss plans for moving to mandatory restrictions, if they are required.

4. Non-Public Water Users on the YPD-DMAG will complete the following activities within 14
days after a Stage 1 Low Inflow Condition is declared:

a. Notify their employees and/or customers of the low inflow condition, 

b. Request that their employees and customers conserve water through reduction of water 
use, electric power consumption, and other means, and

c. Institute in-house conservation consistent with their drought management plan and 
minimize consumptive uses to the extent feasible.
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Stage 2 – Low Inflow Condition:

The Licensees will monitor High Rock Reservoir water elevations, the U.S. Drought Monitor and 
the designated stream gages and will declare a Stage 2 Low Inflow Condition for the month if 
the following conditions are present on the first of the month:

• The prior month LIP condition was Stage 1;

AND

• The High Rock Reservoir water elevation is more than 2 ft below the NME.

AND EITHER 

• The U.S. Drought Monitor Three-Month Numeric Average for the Yadkin-Pee
Dee River Basin draining to Blewett Falls Development is greater than or 
equal to 2.

OR

• The Stream Gage Three-Month Rolling Average Flow for the monitored 
stream gages is less than 35% of the Historic Stream Gage Three-Month
Rolling Average Flow.

When a Stage 2 Low Inflow Condition is declared:

1. The Licensees will:

a. Notify NCDWR of a declaration of Stage 2 Low Inflow Condition via email as soon as 
practicable but no later than two business days after the declaration.

b. Implement LIP Flows as detailed in Table 6 for each project by the seventh day of the 
month in which a Stage 2 Low Inflow Condition is declared. To meet the LIP Flows for 
Stage:
• APGI will supplement Project inflows by drawing from High Rock and Narrows 

reservoirs approximately equally on a foot-per-foot basis.
• PE will supplement Project inflows by drawing from either Tillery or Blewett Falls as 

required.

c. Update their respective websites as noted in Key Definitions, Facts and Assumptions 
No. 4.

d. Provide Public Water System intake owners and Non-Public Water Users with updates
twice per week on reservoir water elevations and inflow of water into the system.

e. Continue participation in monthly or more frequent meeting or conference calls of the
YPD-DMAG

2. NCDWR will coordinate with SCDNR to conduct monthly YPD-DMAG meetings or 
conference calls to be held on the Monday before the second Tuesday. Monthly discussions 
will:
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a. Review provisions of this LIP.
b. Clarify communication channels between the YPD-DMAG members.
c. Review hydrological status of the basin.
d. Review the roles of each YPD-DMAG member and discuss their plans for responding if 

an elevated Low Inflow Condition is declared.
e. Review information reporting by YPD-DMAG members, including a storage history and 

forecast from the Licensees, a water use history and forecast from each water user on 
the YPD-DMAG, and state-wide drought response status (including, but not limited to, 
impact to water quality, fisheries, wildlife, etc.) from the member agencies.

f. Public communications.

3. Owners of Public Water System intakes will complete the following activities within 14 days 
after the Stage 2 Low Inflow Condition is declared:

a. Notify their water customers of the continued low inflow condition and movement to more 
stringent mandatory water use restrictions through public outreach and communication 
efforts.

b. Require that their water customers implement mandatory water use restrictions, in 
accordance with their drought response plans. At this stage, the goal is to reduce water 
withdrawals by approximately 10% from the amount that would otherwise be expected.
These restrictions may include: 

• Limiting lawn and landscape irrigation to no more than one day per week (i.e. 
residential, multi-family, parks, streetscapes, schools, etc).

• Eliminating residential vehicle washing.

• Limiting public building, sidewalk, and street washing activities except as required for 
safety and/or to maintain regulatory compliance.

• Limiting construction uses of water such as dust control.

• Limiting flushing and hydrant testing programs, except to maintain water quality or 
other special circumstances.

• Eliminating the filling of new swimming pools.

• Enforce mandatory water use restrictions through the assessment of penalties.

• Encourage industrial/manufacturing process changes that reduce water 
consumption.

• Provide a status update to the YPD-DMAG on actual water withdrawal trends.

4. Non-Public Water Users on the YPD-DMAG will complete the following activities within 14 
days after the Stage 2 Low Inflow Condition is declared:

a. Notify their employees and/or customers of the low inflow condition through public 
outreach and communication efforts. 

b. Request that their employees and customers conserve water through reduction of water 
use, electric power consumption, and other means.

c. Institute in-house conservation consistent with their required drought management plans 
and minimize consumptive uses to the extent feasible.
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Stage 3 - Low Inflow Condition:

The Licensees will monitor High Rock Reservoir water elevations, the U.S. Drought Monitor and
the designated stream gages and will declare a Stage 3 Low Inflow Condition for the month if 
the following conditions are present on the first of the month:

• The prior month LIP condition was Stage 2;

AND

• The High Rock Reservoir water elevation is more than 3 ft below the NME.

AND EITHER 

• The U.S. Drought Monitor Three-Month Numeric Average for the Yadkin-Pee
Dee River Basin draining to Blewett Falls Development is greater than or 
equal to 3.

OR

• The Stream Gage Three-Month Rolling Average Flow for the monitored 
stream gages is less than 30% of the Historic Stream Gage Three-Month
Rolling Average Flow.

When a Stage 3 Low Inflow Condition is declared:

1. The Licensees will: 
a. Notify NCDWR of a declaration of Stage 3 Low Inflow condition via email as soon as 

practicable but no later than 48 hours after the declaration.

b. Implement LIP Flows to designated Critical Flows as detailed in Table 6 for each project
by the seventh day of the month in which a Stage 3 Low Inflow Condition is declared. To 
meet the Critical Flows:
• APGI will supplement Project inflows by drawing from High Rock and Narrows 

reservoirs approximately equally on a foot-per-foot basis.
• PE will supplement Project inflows by drawing from either Tillery or Blewett Falls as 

required.

c. Update their respective websites as noted in Key Definitions, Facts, and Assumptions 
No. 4.

d. Provide Public Water System intake owners and Non-Public Water Users with bi-weekly
(twice each week) updates on reservoir water elevations and inflow of water into the 
system.

e. Continue participation in monthly or more frequent meeting or conference calls of the 
YPD-DMAG.
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2. NCDWR will coordinate with SCDNR to conduct monthly YPD-DMAG meetings or 
conference calls to be held on the Monday before the second Tuesday. Monthly discussions
will:

a. Review provisions of this LIP.
b. Clarify communication channels between the YPD-DMAG members.
c. Review hydrological status of the basin.
d. Review the roles of each YPD-DMAG member and discuss their plans for responding if 

an elevated Low Inflow Condition is declared.
e. Review information reporting by YPD-DMAG members, including a storage history and 

forecast from the Licensees, a water use history and forecast from each water user on 
the YPD-DMAG, and state-wide drought response status (including, but not limited to, 
impact to water quality, fisheries, wildlife, etc.) from the member agencies.

f. Public communications.

3. Owners of Public Water System intakes will complete the following activities within 14 days 
after the Stage 3 Low Inflow Condition is declared:

a. Notify their water customers of the continued low inflow condition and movement to 
emergency water use restrictions through public outreach and communication efforts. At 
this stage, the goal is to reduce water usage by approximately 20% from the amount that 
would otherwise be expected. 

b. Restrict all outdoor water use.
c. Implement emergency water use restrictions in accordance with their drought response 

plans, including enforcement of these restrictions and assessment of penalties.
d. Prioritize and meet with their commercial and industrial large water customers and meet 

to discuss strategies for water reduction measures including development of an activity 
schedule and contingency plans. 

e. Prepare to implement emergency plans to respond to water outages.

4. Non-Public Water Users on the YPD-DMAG will complete the following activities within 14 
days after a Stage 3 Low Inflow Condition is declared:

a. Continue informing their customers of the low inflow condition through public outreach 
and communication efforts.

b. Request that their customers conserve water through reduction of water use, electric 
power consumption, and other means.
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Stage 4 - Low Inflow Condition:

The Licensees will monitor reservoir elevations, the U.S. Drought Monitor and the designated 
stream gages and will declare a Stage 4 Low Inflow Condition for the month if the following 
conditions are present on the first of the month:

• The prior month LIP condition was Stage 3;

AND

• The High Rock Reservoir water elevation is less than 606.9 ft USGS (November 1 
through March 1) or less than 609.9 ft USGS (April 1 through October 1).1

AND EITHER 

• The U.S. Drought Monitor Three-Month Numeric Average for the Yadkin-Pee
Dee River Basin draining to Blewett Falls Development is greater than or 
equal to 4.

OR

• The Stream Gage Three-Month Rolling Average Flow for the monitored 
stream gages is less than 30% of the Historic Stream Gage Three-Month
Rolling Average Flow.

When a Stage 4 Low Inflow Condition is declared:

1. The Licensees will notify NCDWR via email as soon as practicable but no later than 48
hours after the declaration.

2. NCDWR will request a meeting of the YAD-DMAG within 5 days after the declaration of the 
Stage 4 Low Inflow Condition for discussion to determine if there are any additional 
measures that can be implemented to: 

a. Reduce water withdrawals, reduce water releases from the projects or use additional 
reservoir storage without creating more severe regional problems.

b. Work together to develop plans and implement any additional measures identified
above.

c. Communicate conditions to the public.

Additional measures may be determined by consensus of the Licensees and State Agencies
with FERC approval as necessary.

1  Less than one half the distance between the NME and the Critical Reservoir Water Elevation.
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Recovery from LIP Stages

Recovery from this LIP will be triggered by any of the three following conditions:

• Condition 1: All three triggers associated with a lower numbered LIP Stage are met.

OR

• Condition 2: High Rock Reservoir water elevations return to at or above the NME PLUS
2.5 ft. 

OR

• Condition 3: High Rock Reservoir water elevations return to at or above the NME for 2 
consecutive weeks. 

When any of these three conditions occurs:

1. The Licensees will take the following action:

a. Condition 1: The LIP recovery will be a general reversal of the staged approach 
described above.

b. Condition 2: The LIP will be discontinued.

c. Condition 3: The LIP will be discontinued.

2. The Licensees will notify the NCDWR via email within 3 business days following attainment 
of any of the conditions necessary to return to a lower stage of this LIP. Changes to less 
restrictive Stages will be made:

a. Condition 1: on the first of each month if a slow recovery is indicated; or 

b.  Condition 2: immediately if High Rock Reservoir elevations are at or above the NME
PLUS 2.5 ft.

c. Condition 3: immediately if High Rock Reservoir elevations are at or above the NME for 
2 consecutive weeks.

3. The Licensees will update their respective websites as noted in Key Definitions, Facts and 
Assumptions No. 4.
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adoption.  The public will then have the opportunity to comment on revisions to the Plan 
through written comment submitted to UCPW or during the public comment period at the 
Board of Commissioners’ meeting. 

The public will also have the option to review and comment on the provisions of the Plan at any 
time.  The Plan will be available online through the County’s website for the public to view, as 
well as on file in the Clerk to the Board of Commissioners’ office.  The public may send 
comments to the contact person as set forth on the County’s website along with this Plan. 

Section 14.0 - Effective Date 
This Water Shortage Response Plan is effective upon adoption by the Union County Board of 
Commissioners on this the 4th day of May, 2015. 
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Yadkin CHEOPS Model Performance Measures Sheet

Line 

Number
Performance Measures Criterion (Note 1) Start Date End Date BLY 2012

A1 2012 

UC2050

A2A 2012 

UC2050

A2B 2012 

UC2050

A3 2012 

UC2050

A4 2012 

UC2050

A5 2012 

UC2050

A11 2012 

UC2050

W. Kerr Scott Reservoir
(1955‐2013) 

(Note 4)

(1955‐2013) 

(Note 4)

(1955‐2013) 

(Note 4)

(1955‐2013) 

(Note 4)

(1955‐2013) 

(Note 4)

(1955‐2013) 

(Note 4)

(1955‐2013) 

(Note 4)

(1955‐2013) 

(Note 4)

Elevation - Aesthetics

1
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

guide curve
1‐Jan 31‐Dec 98% 98% 98% 98% 98% 98% 98% 98%

2
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

guide curve
1‐Jan 31‐Dec 99% 99% 99% 99% 99% 99% 99% 99%

3
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

guide curve
1‐Jan 31‐Dec 99% 99% 99% 99% 99% 99% 99% 99%

Elevation - Water Withdrawal

4
Evaluate days of restricted operation at lake‐located 

intakes (future)

Number of days reservoir elevation below operational minimum 

elevation for withdrawal pool  (EL 1000.0 ft. msl)
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

High Rock Lake

Elevation - Aesthetics

5
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

operating curve
1‐Jan 31‐Dec 98% 98% 98% 98% 98% 98% 98% 98%

6
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

operating curve
1‐Jan 31‐Dec 99% 99% 99% 99% 99% 99% 99% 99%

7
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

operating curve
1‐Jan 31‐Dec 99% 99% 99% 99% 99% 99% 99% 99%

Elevation - Water Withdrawal

8
Number of days reservoir elevation below critical level (613.9 ft. msl) for 

shallowest water supply intake (power) operation 
1‐Jan 31‐Dec 92 92 92 92 92 92 92 92

9
Number of days reservoir elevation below level (613.4 ft. msl) for  

proposed new shallowest water supply intake (power) operation 
1‐Jan 31‐Dec 87 87 87 87 87 87 87 87

Flow

10 Number of days at or below 2,000 cfs daily average max. flow 1‐Feb 15‐May 829 829 828 829 829 829 829 829

11 Number of days at or below 1,500 cfs daily average max. flow  16‐May 31‐May 186 186 186 186 186 186 186 186

12 Number of days at or below 1,000 cfs daily average max. flow  1‐Jun 31‐Jan 0 0 0 0 0 0 0 0

13 Number of days below 770 cfs critical daily average max. flow 1‐Jan 31‐Dec 1,445 1,445 1,440 1,418 1,445 1,445 1,445 1,445

14 Number of days below LIP daily average max. flow target 1‐Jan 31‐Dec 4,547 4,547 4,548 4,402 4,547 4,547 4,547 4,547

15 Lowest daily average flow (cfs) 1‐Jan 31‐Dec 30 30 30 30 30 30 30 30

Tuckertown Reservoir

Elevation - Aesthetics

16
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 97% 97% 97% 95% 97% 97% 97% 97%

17
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 100% 98% 100% 100% 100% 100%

18
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 100% 99% 100% 100% 100% 100%

19
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 0% 0% 0% 2% 0% 0% 0% 0%

20
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 11% 11% 11% 13% 11% 11% 11% 11%

21
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 100% 100% 100% 100% 100% 100% 100% 100%

Elevation - Water Withdrawal

22
Evaluate days of restricted operation at lake‐located 

intakes

Number of days reservoir elevation below critical level (560.7 ft. msl) for 

shallowest public water supply intake operation 
1‐Jan 31‐Dec 2 2 2 66 2 2 2 2

Model Scenario
Performance Measures Sheet ‐ Current (Year 2012) Yadkin Basin Water Demands with Union 

County Future (Year 2050) Demands ‐ Period of Record (1955‐2013)

Evaluate adherence to reservoir full pond elevation 

(EL 564.7 ft. msl)

Evaluate adherence to reservoir guide curve (EL 

1030.0 ft. msl)

Evaluate adherence to reservoir operating rule curve

Evaluate adherence to reservoir normal minimum 

elevation (EL 561.7 ft. msl)

Evaluate days of restricted operation at lake‐located 

intakes

Flow Release From High Rock Lake
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Yadkin CHEOPS Model Performance Measures Sheet

Line 

Number
Performance Measures Criterion (Note 1) Start Date End Date BLY 2012

A1 2012 

UC2050

A2A 2012 

UC2050

A2B 2012 

UC2050

A3 2012 

UC2050

A4 2012 

UC2050

A5 2012 

UC2050

A11 2012 

UC2050

Model Scenario
Performance Measures Sheet ‐ Current (Year 2012) Yadkin Basin Water Demands with Union 

County Future (Year 2050) Demands ‐ Period of Record (1955‐2013)

Narrows Reservoir (Badin Lake)

Elevation - Aesthetics

23
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 62% 62% 55% 62% 62% 62% 62% 62%

24
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 98% 99% 100% 100% 100% 100%

25
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 99% 100% 100% 100% 100% 100%

26
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 3% 3% 4% 3% 3% 3% 3% 3%

27
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 8% 8% 9% 8% 8% 8% 8% 8%

28
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 9% 9% 11% 9% 9% 9% 9% 9%

Elevation - Water Withdrawal

29
Evaluate days of restricted operation at lake‐located 

intakes

Number of days reservoir elevation below critical level (486.8 ft. msl)for 

shallowest public water supply intake operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

Falls Reservoir

Elevation - Aesthetics

30
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 38% 38% 38% 38% 38% 38% 38% 38%

31
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 58% 58% 58% 58% 58% 58% 58% 58%

32
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 68% 68% 67% 68% 68% 68% 68% 68%

33
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 35% 35% 35% 35% 35% 35% 35% 35%

34
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 48% 48% 48% 48% 48% 48% 48% 48%

35
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 66% 66% 66% 66% 66% 66% 66% 66%

Elevation - Water Withdrawal

36
Evaluate days of restricted operation at lake‐located 

intakes

Number of days reservoir elevation below critical level (322.8 ft. msl) for 

shallowest water supply intake (hydropower) operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

Flow

37 Number of days at or below 2,000 cfs daily average flow 1‐Feb 15‐May 783 783 790 792 783 783 783 783

38 Number of days at or below 1,500 cfs daily average flow  16‐May 31‐May 201 201 209 210 201 201 201 201

39 Number of days at or below 1,000 cfs daily average flow  1‐Jun 31‐Jan 0 0 0 0 0 0 0 0

40 Number of days below critical flow (770 cfs daily average flow) 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

41 Number of days below LIP daily average flow target 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

42 Lowest daily average flow (cfs) 1‐Jan 31‐Dec 770 770 770 770 770 770 770 770

Flow Release From Falls Reservoir

Evaluate adherence to reservoir full pond elevation 

(EL 509.8 ft. msl)

Evaluate adherence to reservoir full pond elevation 

(EL 332.8 ft. msl)

Evaluate adherence to reservoir normal minimum 

elevation (EL 504.8 ft. msl)

Evaluate adherence to reservoir normal minimum 

elevation (EL 328.8 ft. msl)

Page 2 of 13 Printed 10/1/2014, 1:04 PM



Yadkin CHEOPS Model Performance Measures Sheet

Line 

Number
Performance Measures Criterion (Note 1) Start Date End Date BLY 2012

A1 2012 

UC2050

A2A 2012 

UC2050

A2B 2012 

UC2050

A3 2012 

UC2050

A4 2012 

UC2050

A5 2012 

UC2050

A11 2012 

UC2050

Model Scenario
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Lake Tillery

Elevation - Aesthetics

43
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 100% 100% 100% 100% 100% 100%

44
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 100% 100% 100% 100% 100% 100%

45
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 100% 100% 100% 100% 100% 100%

46
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
16‐Dec 28‐Feb 0% 0% 0% 0% 0% 0% 0% 0%

47
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
16‐Dec 28‐Feb 0% 0% 0% 0% 0% 0% 0% 0%

48
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
16‐Dec 28‐Feb 0% 0% 0% 0% 0% 0% 0% 0%

49
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Mar 15‐Dec 0% 0% 0% 0% 0% 0% 0% 0%

50
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Mar 15‐Dec 37% 37% 37% 37% 37% 37% 37% 37%

51
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Mar 15‐Dec 100% 100% 100% 100% 100% 100% 100% 100%

Flow

52
Number of days at or below 725 cfs continuous minimum flow (8 

consecutive weeks) for fish spawning
15‐Mar 15‐May 2,141 2,156 2,185 2,185 2,143 2,143 2,143 2,144

53 Number of days at or below 330 cfs continuous minimum flow 1‐Jan 31‐Dec 14,000 14,023 14,067 14,046 14,000 14,000 14,000 14,007

54 Lowest daily average flow (cfs) 1‐Jan 31‐Dec 708 679 662 662 708 708 708 689

Elevation - Water Withdrawal

55
Evaluate days of restricted operation at lake‐located 

intakes

Number of days reservoir elevation below critical level (268.2 ft. msl) for 

shallowest public water supply and hydropower intake operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

Blewett Falls Lake

Elevation - Aesthetics

56
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 10% 10% 10% 10% 10% 10% 10% 10%

57
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 76% 75% 76% 76% 75% 75% 75% 76%

58
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 81% 81% 81% 81% 81% 81% 81% 81%

59
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 0% 0% 0% 0% 0% 0% 0% 0%

60
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 10% 10% 10% 10% 10% 10% 10% 10%

61
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 23% 23% 23% 23% 23% 23% 23% 23%

Elevation - Water Withdrawal

62
Evaluate days of restricted operation at lake‐located 

intakes

Number of days reservoir elevation below critical level (168 ft. msl) for 

shallowest public water supply intake operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

Flow

63 Number of days at or below 2,400 cfs continuous flow target 1‐Feb 15‐May 1,995 2,002 2,005 2,007 2,004 2,004 2,004 2,003

64 Number of days at or below 1,800 cfs continuous flow target 16‐May 31‐May 508 508 508 510 510 510 510 508

65 Number of days at below 1,200 cfs continuous flow target 1‐Jun 31‐Jan 7,903 7,866 7,870 7,860 7,985 7,985 7,985 7,913

66 Number of days at or below critical flow (925 cfs instantaneous flow) 1‐Jan 31‐Dec 19 19 19 19 19 19 19 19

67 Number of days below LIP continuous flow target 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

68 Lowest daily average flow (cfs) 1‐Jan 31‐Dec 940 937 941 941 937 937 937 937

Flow Release From Blewett Falls Lake

Evaluate adherence to reservoir normal winter 

minimum elevation (EL 273.2 ft. msl)

Evaluate adherence to reservoir full pond elevation 

(EL 178.1 ft. msl)

Evaluate adherence to reservoir normal summer 

minimum elevation (EL 275.7 ft. msl)

Flow Release From Lake Tillery

Evaluate adherence to reservoir normal minimum 

elevation (EL 172.1 ft. msl)

Evaluate adherence to reservoir full pond elevation 

(EL 278.2 ft. msl)
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Model Scenario
Performance Measures Sheet ‐ Current (Year 2012) Yadkin Basin Water Demands with Union 

County Future (Year 2050) Demands ‐ Period of Record (1955‐2013)

Water Quantity Management

69 Percent of time in Normal Conditions 1‐Jan 31‐Dec 99% 99% 99% 99% 99% 99% 99% 99%

70 Number of years attaining LIP Stage 0 1‐Jan 31‐Dec 1 1 1 1 1 1 1 1

71 Number of years with more than 60 days in LIP Stage 0 1‐Jan 31‐Dec 1 1 1 1 1 1 1 1

72 Number of years attaining LIP Stage 1 1‐Jan 31‐Dec 1 1 1 1 1 1 1 1

73 Number of years with more than 60 days in LIP Stage 1 1‐Jan 31‐Dec 1 1 1 1 1 1 1 1

74 Number of years attaining LIP Stage 2 1‐Jan 31‐Dec 1 1 1 1 1 1 1 1

75 Number of years with more than 60 days in LIP Stage 2 1‐Jan 31‐Dec 1 1 1 1 1 1 1 1

76 Number of years attaining LIP Stage 3 1‐Jan 31‐Dec 1 1 1 1 1 1 1 1

77 Number of years with more than 60 days in LIP Stage 3 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

78 Number of years attaining LIP Stage 4 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

79 Number of years with more than 60 days in LIP Stage 4 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

Alcoa Hydropower

80 Avg. MWh/yr of hydropower produced 1‐Jan 31‐Dec 835,503 835,505 832,111 831,311 835,502 835,502 835,502 835,504

81
Average equivalent # of homes per year that could be powered by the 

hydro project (Note 3)
1‐Jan 31‐Dec 63,296 63,296 63,039 62,978 63,296 63,296 63,296 63,296

Duke Energy-Progress Hydropower

82 Avg. MWh/yr of hydropower produced 1‐Jan 31‐Dec 339,230 337,799 337,835 337,862 338,910 338,910 338,910 338,256

83
Average equivalent # of homes per year that could be powered by the 

hydro project (Note 3)
1‐Jan 31‐Dec 25,699 25,591 25,594 25,596 25,675 25,675 25,675 25,625

LIP Drought Stage (Note 2)

Effect on Alcoa hydropower generation

Effect on Duke Energy hydropower generation
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W. Kerr Scott Reservoir
(1999‐2003)

(Note 5)

(1999‐2003)

(Note 5)

(1999‐2003)

(Note 5)

(1999‐2003)

(Note 5)

(1999‐2003)

(Note 5)

(1999‐2003)

(Note 5)

(1999‐2003)

(Note 5)

(1999‐2003)

(Note 5)

Elevation - Aesthetics

1
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

guide curve
1‐Jan 31‐Dec 96% 96% 96% 96% 96% 96% 96% 96%

2
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

guide curve
1‐Jan 31‐Dec 98% 98% 98% 98% 98% 98% 98% 98%

3
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

guide curve
1‐Jan 31‐Dec 99% 99% 99% 99% 99% 99% 99% 99%

Elevation - Water Withdrawal

4
Evaluate days of restricted operation at lake‐located 

intakes (future)

Number of days reservoir elevation below operational minimum 

elevation for withdrawal pool  (EL 1000.0 ft. msl)
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

High Rock Lake

Elevation - Aesthetics

5
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

operating curve
1‐Jan 31‐Dec 82% 82% 82% 82% 82% 82% 82% 82%

6
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

operating curve
1‐Jan 31‐Dec 88% 88% 88% 88% 88% 88% 88% 88%

7
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

operating curve
1‐Jan 31‐Dec 90% 90% 90% 90% 90% 90% 90% 90%

Elevation - Water Withdrawal

8
Number of days reservoir elevation below critical level (613.9 ft. msl) for 

shallowest water supply intake (power) operation 
1‐Jan 31‐Dec 92 92 92 92 92 92 92 92

9
Number of days reservoir elevation below level (613.4 ft. msl) for  

proposed new shallowest water supply intake (power) operation 
1‐Jan 31‐Dec 87 87 87 87 87 87 87 87

Flow

10 Number of days at or below 2,000 cfs daily average max. flow 1‐Feb 15‐May 172 172 170 171 172 172 172 172

11 Number of days at or below 1,500 cfs daily average max. flow  16‐May 31‐May 41 41 41 41 41 41 41 41

12 Number of days  at or below 1,000 cfs daily average max. flow  1‐Jun 31‐Jan 0 0 0 0 0 0 0 0

13 Number of days below 770 cfs critical daily average max. flow 1‐Jan 31‐Dec 90 90 90 66 90 90 90 90

14 Number of days below LIP daily average max. flow target 1‐Jan 31‐Dec 789 789 787 673 789 789 789 789

15 Lowest daily average flow (cfs) 1‐Jan 31‐Dec 339 339 339 339 339 339 339 339

Tuckertown Reservoir

Elevation - Aesthetics

16
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 82% 82% 82% 72% 82% 82% 82% 82%

17
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 96% 96% 96% 82% 96% 96% 96% 96%

18
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 100% 90% 100% 100% 100% 100%

19
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 4% 4% 4% 16% 4% 4% 4% 4%

20
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 26% 26% 27% 35% 26% 26% 26% 26%

21
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 100% 100% 100% 100% 100% 100% 100% 100%

Elevation - Water Withdrawal

22
Evaluate days of restricted operation at lake‐located 

intakes

Number of days reservoir elevation below critical level (560.7 ft. msl) for 

shallowest public water supply intake operation 
1‐Jan 31‐Dec 0 0 0 64 0 0 0 0

Model Scenario
Performance Measures Sheet ‐ Current (Year 2012) Yadkin Basin Water Demands with Union 

County Future (Year 2050) Demands ‐ Drought 1 (1999‐2003)

Evaluate adherence to reservoir guide curve (EL 

1030.0 ft. msl)

Evaluate adherence to reservoir operating rule curve

Evaluate adherence to reservoir full pond elevation 

(EL 564.7 ft. msl)

Evaluate adherence to reservoir normal minimum 

elevation (EL 561.7 ft. msl)

Evaluate days of restricted operation at lake‐located 

intakes

Flow Release From High Rock Lake
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Model Scenario
Performance Measures Sheet ‐ Current (Year 2012) Yadkin Basin Water Demands with Union 

County Future (Year 2050) Demands ‐ Drought 1 (1999‐2003)

Narrows Reservoir (Badin Lake)

Elevation - Aesthetics

23
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 41% 41% 36% 41% 41% 41% 41% 41%

24
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 95% 95% 83% 93% 95% 95% 95% 95%

25
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 94% 100% 100% 100% 100% 100%

26
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 4% 4% 6% 4% 4% 4% 4% 4%

27
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 8% 8% 15% 9% 8% 8% 8% 8%

28
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 13% 13% 26% 15% 13% 13% 13% 13%

Elevation - Water Withdrawal

29
Evaluate days of restricted operation at lake‐located 

intakes

Number of days reservoir elevation below critical level (486.8 ft. msl)for 

shallowest public water supply intake operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

Falls Reservoir

Elevation - Aesthetics

30
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 25% 25% 25% 25% 25% 25% 25% 25%

31
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 39% 39% 38% 39% 39% 39% 39% 39%

32
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 46% 46% 45% 46% 46% 46% 46% 46%

33
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 55% 55% 56% 56% 55% 55% 55% 55%

34
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 66% 66% 66% 66% 66% 66% 66% 66%

35
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 78% 78% 78% 78% 78% 78% 78% 78%

Elevation - Water Withdrawal

36
Evaluate days of restricted operation at lake‐located 

intakes

Number of days reservoir elevation below critical level (322.8 ft. msl) for 

shallowest water supply intake (hydropower) operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

Flow

37 Number of days at or below 2,000 cfs daily average flow 1‐Feb 15‐May 169 169 174 174 169 169 169 169

38 Number of days at or below 1,500 cfs daily average flow  16‐May 31‐May 41 41 41 41 41 41 41 41

39 Number of days  at or below 1,000 cfs daily average flow  1‐Jun 31‐Jan 0 0 0 0 0 0 0 0

40 Number of days below critical flow (770 cfs daily average flow) 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

41 Number of days below LIP daily average flow target 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

42 Lowest daily average flow (cfs) 1‐Jan 31‐Dec 770 770 770 770 770 770 770 770

Evaluate adherence to reservoir full pond elevation 

(EL 509.8 ft. msl)

Evaluate adherence to reservoir normal minimum 

elevation (EL 504.8 ft. msl)

Evaluate adherence to reservoir full pond elevation 

(EL 332.8 ft. msl)

Evaluate adherence to reservoir normal minimum 

elevation (EL 328.8 ft. msl)

Flow Release From Falls Reservoir
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Model Scenario
Performance Measures Sheet ‐ Current (Year 2012) Yadkin Basin Water Demands with Union 

County Future (Year 2050) Demands ‐ Drought 1 (1999‐2003)

Lake Tillery

Elevation - Aesthetics

43
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 100% 100% 100% 100% 100% 100%

44
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 100% 100% 100% 100% 100% 100%

45
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 100% 100% 100% 100% 100% 100%

46
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
16‐Dec 28‐Feb 0% 0% 0% 0% 0% 0% 0% 0%

47
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
16‐Dec 28‐Feb 0% 0% 0% 0% 0% 0% 0% 0%

48
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
16‐Dec 28‐Feb 0% 0% 0% 0% 0% 0% 0% 0%

49
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Mar 15‐Dec 1% 1% 1% 1% 1% 1% 1% 1%

50
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Mar 15‐Dec 37% 37% 37% 37% 37% 37% 37% 37%

51
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Mar 15‐Dec 100% 100% 100% 100% 100% 100% 100% 100%

Flow

52
Number of days at or below 725 cfs continuous minimum flow (8 

consecutive weeks) for fish spawning
15‐Mar 15‐May 218 218 222 218 218 218 218 218

53 Number of days at or below 330 cfs continuous minimum flow 1‐Jan 31‐Dec 1,326 1,327 1,331 1,329 1,326 1,326 1,326 1,327

54 Lowest daily average flow (cfs) 1‐Jan 31‐Dec 751 725 751 751 751 751 751 733

Elevation - Water Withdrawal

55
Evaluate days of restricted operation at lake‐located 

intakes

Number of days reservoir elevation below critical level (268.2 ft. msl) for 

shallowest public water supply and hydropower intake operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

Blewett Falls Lake

Elevation - Aesthetics

56
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 7% 7% 7% 7% 7% 7% 7% 7%

57
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 81% 80% 82% 82% 79% 79% 79% 80%

58
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 86% 86% 86% 86% 86% 86% 86% 86%

59
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 1% 1% 1% 1% 1% 1% 1% 1%

60
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 8% 8% 8% 8% 8% 8% 8% 8%

61
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 18% 18% 18% 18% 18% 18% 18% 18%

Elevation - Water Withdrawal

62
Evaluate days of restricted operation at lake‐located 

intakes

Number of days reservoir elevation below critical level (168 ft. msl) for 

shallowest public water supply intake operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

Flow

63 Number of days at or below 2,400 cfs continuous flow target 1‐Feb 15‐May 284 284 287 287 283 283 283 285

64 Number of days at or below 1,800 cfs continuous flow target 16‐May 31‐May 64 64 64 64 64 64 64 64

65 Number of days  at below 1,200 cfs continuous flow target 1‐Jun 31‐Jan 837 832 834 832 841 841 841 836

66 Number of days at or below critical flow (925 cfs instantaneous flow) 1‐Jan 31‐Dec 19 19 19 19 19 19 19 19

67 Number of days below LIP continuous flow target 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

68 Lowest daily average flow (cfs) 1‐Jan 31‐Dec 940 937 941 941 937 937 937 937

Evaluate adherence to reservoir normal winter 

minimum elevation (EL 273.2 ft. msl)

Evaluate adherence to reservoir normal summer 

minimum elevation (EL 275.7 ft. msl)

Flow Release From Lake Tillery

Evaluate adherence to reservoir normal minimum 

elevation (EL 172.1 ft. msl)

Flow Release From Blewett Falls Lake

Evaluate adherence to reservoir full pond elevation 

(EL 278.2 ft. msl)

Evaluate adherence to reservoir full pond elevation 

(EL 178.1 ft. msl)
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Model Scenario
Performance Measures Sheet ‐ Current (Year 2012) Yadkin Basin Water Demands with Union 

County Future (Year 2050) Demands ‐ Drought 1 (1999‐2003)

Water Quantity Management

69 Percent of time in Normal Conditions 1‐Jan 31‐Dec 88% 88% 88% 88% 88% 88% 88% 88%

70 Number of years attaining LIP Stage 0 1‐Jan 31‐Dec 1 1 1 1 1 1 1 1

71 Number of years with more than 60 days in LIP Stage 0 1‐Jan 31‐Dec 1 1 1 1 1 1 1 1

72 Number of years attaining LIP Stage 1 1‐Jan 31‐Dec 1 1 1 1 1 1 1 1

73 Number of years with more than 60 days in LIP Stage 1 1‐Jan 31‐Dec 1 1 1 1 1 1 1 1

74 Number of years attaining LIP Stage 2 1‐Jan 31‐Dec 1 1 1 1 1 1 1 1

75 Number of years with more than 60 days in LIP Stage 2 1‐Jan 31‐Dec 1 1 1 1 1 1 1 1

76 Number of years attaining LIP Stage 3 1‐Jan 31‐Dec 1 1 1 1 1 1 1 1

77 Number of years with more than 60 days in LIP Stage 3 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

78 Number of years attaining LIP Stage 4 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

79 Number of years with more than 60 days in LIP Stage 4 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

Alcoa Hydropower

80 Avg. MWh/yr of hydropower produced 1‐Jan 31‐Dec 626,889 626,890 623,456 622,811 626,889 626,889 626,889 626,890

81
Average equivalent # of homes per year that could be powered by the 

hydro project (Note 3)
1‐Jan 31‐Dec 47,492 47,492 47,232 47,183 47,492 47,492 47,492 47,492

Duke Energy-Progress Hydropower

82 Avg. MWh/yr of hydropower produced 1‐Jan 31‐Dec 251,980 250,468 250,553 250,579 251,663 251,663 251,663 251,002

83
Average equivalent # of homes per year that could be powered by the 

hydro project (Note 3)
1‐Jan 31‐Dec 19,089 18,975 18,981 18,983 19,065 19,065 19,065 19,015

LIP Drought Stage (Note 2)

Effect on Alcoa hydropower generation

Effect on Duke Energy hydropower generation
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W. Kerr Scott Reservoir
(2006‐2009)

(Note 6)

(2006‐2009)

(Note 6)

(2006‐2009)

(Note 6)

(2006‐2009)

(Note 6)

(2006‐2009)

(Note 6)

(2006‐2009)

(Note 6)

(2006‐2009)

(Note 6)

(2006‐2009)

(Note 6)

Elevation - Aesthetics

1
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

guide curve
1‐Jan 31‐Dec 98% 98% 98% 98% 98% 98% 98% 98%

2
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

guide curve
1‐Jan 31‐Dec 99% 99% 99% 99% 99% 99% 99% 99%

3
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

guide curve
1‐Jan 31‐Dec 100% 100% 100% 100% 100% 100% 100% 100%

Elevation - Water Withdrawal

4
Evaluate days of restricted operation at lake‐located 

intakes (future)

Number of days reservoir elevation below operational minimum 

elevation for withdrawal pool  (EL 1000.0 ft. msl)
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

High Rock Lake

Elevation - Aesthetics

5
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

operating curve
1‐Jan 31‐Dec 91% 91% 91% 91% 91% 91% 91% 91%

6
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

operating curve
1‐Jan 31‐Dec 95% 95% 95% 95% 95% 95% 95% 95%

7
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

operating curve
1‐Jan 31‐Dec 98% 98% 98% 98% 98% 98% 98% 98%

Elevation - Water Withdrawal

8
Number of days reservoir elevation below critical level (613.9 ft. msl) for 

shallowest water supply intake (power) operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

9
Number of days reservoir elevation below level (613.4 ft. msl) for  

proposed new shallowest water supply intake (power) operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

Flow

10 Number of days at or below 2,000 cfs daily average max. flow 1‐Feb 15‐May 100 100 101 101 100 100 100 100

11 Number of days at or below 1,500 cfs daily average max. flow  16‐May 31‐May 18 18 18 18 18 18 18 18

12 Number of days  at or below 1,000 cfs daily average max. flow  1‐Jun 31‐Jan 0 0 0 0 0 0 0 0

13 Number of days below 770 cfs critical daily average max. flow 1‐Jan 31‐Dec 84 84 79 79 84 84 84 84

14 Number of days below LIP daily average max. flow target 1‐Jan 31‐Dec 496 496 499 472 496 496 496 496

15 Lowest daily average flow (cfs) 1‐Jan 31‐Dec 30 30 30 30 30 30 30 30

Tuckertown Reservoir

Elevation - Aesthetics

16
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 93% 93% 93% 87% 93% 93% 93% 93%

17
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 100% 90% 100% 100% 100% 100%

18
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 100% 98% 100% 100% 100% 100%

19
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 0% 0% 0% 10% 0% 0% 0% 0%

20
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 16% 16% 16% 22% 16% 16% 16% 16%

21
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 100% 100% 100% 100% 100% 100% 100% 100%

Elevation - Water Withdrawal

22
Evaluate days of restricted operation at lake‐located 

intakes

Number of days reservoir elevation below critical level (560.7 ft. msl) for 

shallowest public water supply intake operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

Evaluate adherence to reservoir guide curve (EL 

1030.0 ft. msl)

Evaluate adherence to reservoir operating rule curve

Flow Release From High Rock Lake

Evaluate adherence to reservoir full pond elevation 

(EL 564.7 ft. msl)

Evaluate adherence to reservoir normal minimum 

elevation (EL 561.7 ft. msl)

Model Scenario
Performance Measures Sheet ‐ Current (Year 2012) Yadkin Basin Water Demands with Union 

County Future (Year 2050) Demands ‐ Drought 2 (2006‐2009)

Evaluate days of restricted operation at lake‐located 

intakes
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Model Scenario
Performance Measures Sheet ‐ Current (Year 2012) Yadkin Basin Water Demands with Union 
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Narrows Reservoir (Badin Lake)

Elevation - Aesthetics

23
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 46% 46% 37% 45% 46% 46% 46% 46%

24
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 91% 97% 100% 100% 100% 100%

25
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 99% 100% 100% 100% 100% 100%

26
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 5% 5% 6% 6% 5% 5% 5% 5%

27
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 8% 8% 10% 8% 8% 8% 8% 8%

28
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 8% 8% 18% 12% 8% 8% 8% 8%

Elevation - Water Withdrawal

29
Evaluate days of restricted operation at lake‐located 

intakes

Number of days reservoir elevation below critical level (486.8 ft. msl)for 

shallowest public water supply intake operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

Falls Reservoir

Elevation - Aesthetics

30
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 24% 24% 22% 22% 24% 24% 24% 24%

31
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 44% 44% 42% 43% 44% 44% 44% 44%

32
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 54% 54% 52% 53% 54% 54% 54% 54%

33
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 48% 48% 50% 50% 48% 48% 48% 48%

34
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 62% 62% 63% 63% 62% 62% 62% 62%

35
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 78% 78% 79% 79% 78% 78% 78% 78%

Elevation - Water Withdrawal

36
Evaluate days of restricted operation at lake‐located 

intakes

Number of days reservoir elevation below critical level (322.8 ft. msl) for 

shallowest water supply intake (hydropower) operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

Flow

37 Number of days at or below 2,000 cfs daily average flow 1‐Feb 15‐May 94 94 92 91 94 94 94 94

38 Number of days at or below 1,500 cfs daily average flow  16‐May 31‐May 23 23 26 26 23 23 23 23

39 Number of days  at or below 1,000 cfs daily average flow  1‐Jun 31‐Jan 0 0 0 0 0 0 0 0

40 Number of days below critical flow (770 cfs daily average flow) 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

41 Number of days below LIP daily average flow target 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

42 Lowest daily average flow (cfs) 1‐Jan 31‐Dec 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000

Flow Release From Falls Reservoir

Evaluate adherence to reservoir full pond elevation 

(EL 509.8 ft. msl)

Evaluate adherence to reservoir normal minimum 

elevation (EL 504.8 ft. msl)

Evaluate adherence to reservoir full pond elevation 

(EL 332.8 ft. msl)

Evaluate adherence to reservoir normal minimum 

elevation (EL 328.8 ft. msl)
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Model Scenario
Performance Measures Sheet ‐ Current (Year 2012) Yadkin Basin Water Demands with Union 
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Lake Tillery

Elevation - Aesthetics

43
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 99% 99% 99% 99% 99% 99% 99% 99%

44
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 100% 100% 100% 100% 100% 100%

45
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 100% 100% 100% 100% 100% 100%

46
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
16‐Dec 28‐Feb 0% 0% 0% 0% 0% 0% 0% 0%

47
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
16‐Dec 28‐Feb 0% 0% 0% 0% 0% 0% 0% 0%

48
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
16‐Dec 28‐Feb 0% 0% 0% 0% 0% 0% 0% 0%

49
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Mar 15‐Dec 0% 0% 0% 0% 0% 0% 0% 0%

50
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Mar 15‐Dec 38% 38% 38% 38% 38% 38% 38% 38%

51
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Mar 15‐Dec 100% 100% 100% 100% 100% 100% 100% 100%

Flow

52
Number of days at or below 725 cfs continuous minimum flow (8 

consecutive weeks) for fish spawning
15‐Mar 15‐May 205 207 208 207 207 207 207 207

53 Number of days at or below 330 cfs continuous minimum flow 1‐Jan 31‐Dec 1,072 1,073 1,073 1,077 1,072 1,072 1,072 1,072

54 Lowest daily average flow (cfs) 1‐Jan 31‐Dec 927 906 927 927 927 927 927 917

Elevation - Water Withdrawal

55
Evaluate days of restricted operation at lake‐located 

intakes

Number of days reservoir elevation below critical level (268.2 ft. msl) for 

shallowest public water supply and hydropower intake operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

Blewett Falls Lake

Elevation - Aesthetics

56
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 6% 6% 6% 6% 6% 6% 6% 6%

57
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 79% 79% 80% 80% 79% 79% 79% 79%

58
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 83% 83% 84% 84% 83% 83% 83% 83%

59
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 0% 0% 0% 0% 0% 0% 0% 0%

60
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 11% 11% 11% 11% 11% 11% 11% 11%

61
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 21% 21% 20% 20% 21% 21% 21% 21%

Elevation - Water Withdrawal

62
Evaluate days of restricted operation at lake‐located 

intakes

Number of days reservoir elevation below critical level (168 ft. msl) for 

shallowest public water supply intake operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

Flow

63 Number of days at or below 2,400 cfs continuous flow target 1‐Feb 15‐May 277 276 276 276 277 277 277 277

64 Number of days at or below 1,800 cfs continuous flow target 16‐May 31‐May 57 56 56 56 56 56 56 56

65 Number of days  at below 1,200 cfs continuous flow target 1‐Jun 31‐Jan 683 683 684 684 688 688 688 684

66 Number of days at or below critical flow (925 cfs instantaneous flow) 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

67 Number of days below LIP continuous flow target 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

68 Lowest daily average flow (cfs) 1‐Jan 31‐Dec 1,200 1,200 1,200 1,200 1,200 1,200 1,200 1,200

Evaluate adherence to reservoir full pond elevation 

(EL 278.2 ft. msl)

Evaluate adherence to reservoir normal winter 

minimum elevation (EL 273.2 ft. msl)

Evaluate adherence to reservoir normal summer 

minimum elevation (EL 275.7 ft. msl)

Evaluate adherence to reservoir full pond elevation 

(EL 178.1 ft. msl)

Evaluate adherence to reservoir normal minimum 

elevation (EL 172.1 ft. msl)

Flow Release From Blewett Falls Lake

Flow Release From Lake Tillery
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Line 

Number
Performance Measures Criterion (Note 1) Start Date End Date BLY 2012

A1 2012 

UC2050

A2A 2012 

UC2050

A2B 2012 

UC2050

A3 2012 

UC2050

A4 2012 

UC2050

A5 2012 

UC2050

A11 2012 

UC2050

Model Scenario
Performance Measures Sheet ‐ Current (Year 2012) Yadkin Basin Water Demands with Union 

County Future (Year 2050) Demands ‐ Drought 2 (2006‐2009)

Water Quantity Management

69 Percent of time in Normal Conditions 1‐Jan 31‐Dec 100% 100% 100% 100% 100% 100% 100% 100%

70 Number of years attaining LIP Stage 0 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

71 Number of years with more than 60 days in LIP Stage 0 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

72 Number of years attaining LIP Stage 1 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

73 Number of years with more than 60 days in LIP Stage 1 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

74 Number of years attaining LIP Stage 2 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

75 Number of years with more than 60 days in LIP Stage 2 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

76 Number of years attaining LIP Stage 3 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

77 Number of years with more than 60 days in LIP Stage 3 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

78 Number of years attaining LIP Stage 4 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

79 Number of years with more than 60 days in LIP Stage 4 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0

Alcoa Hydropower

80 Avg. MWh/yr of hydropower produced 1‐Jan 31‐Dec 620,402 620,404 616,761 615,945 620,401 620,401 620,401 620,403

81
Average equivalent # of homes per year that could be powered by the 

hydro project (Note 3)
1‐Jan 31‐Dec 47,000 47,000 46,724 46,663 47,000 47,000 47,000 47,000

Duke Energy-Progress Hydropower

82 Avg. MWh/yr of hydropower produced 1‐Jan 31‐Dec 249,888 248,386 248,666 248,677 249,549 249,549 249,549 248,843

83
Average equivalent # of homes per year that could be powered by the 

hydro project (Note 3)
1‐Jan 31‐Dec 18,931 18,817 18,838 18,839 18,905 18,905 18,905 18,852

LIP Drought Stage (Note 2)

Effect on Alcoa hydropower generation

Effect on Duke Energy hydropower generation
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Notes

1 For criterion that measure on an hourly or daily basis, unless stated otherwise:

a. If an hourly criteria occurs during the average of four contiguous 15‐minute periods, then it counts as 1 hour.

b. If a daily criterion occurs for 5 contiguous 1‐hour periods, then it counts as 1 day.

2 LIP ‐ Low Inflow Protocol for the Yadkin and Yadkin‐Pee Dee River Hydroelectric Projects (Alcoa and Duke Energy Progress)

3 Calculated by [(Total Scenario MWh / 13.2 MWh per home) / the # of years in the scenario]

4

21,550 days (59 years * 365.25 days/year)

2,068,776 15‐minute time steps (59 years * 365.25 days/year * 24 hours/day * 4 time steps/hour) 

5

1,826 days (5 years * 365.25 days/year)

175,320 15‐minute time steps (5 years * 365.25 days/year * 24 hours/day * 4 time steps/hour) 

6

1,461 days (4 years * 365.25 days/year)

140,256 15‐minute time steps (4 years * 365.25 days/year * 24 hours/day * 4 time steps/hour) 

2006 thru 2009 Drought, inclusive (4 years)

1999 thru 2003 Drought, inclusive (5 years)

1955 thru 2013, inclusive (59 years)

Power produced by the hydro projects is actually supplied to the electric system grid and is used by electric customers (including residential, industrial and commercial 

customers), as is power produced at other Duke Energy Progress and/or APGI generating stations. This criterion of average equivalent homes per year is intended to 

simply make the total energy production potential of the hydro projects more understandable to stakeholders and to put a perspective around potential differences in 

hydropower production between various scenarios. This measure does not imply that any number of homes will go without power if a particular scenario is chosen.

Also, daytime flows are assumed to be flows provided between 7:00 am and 7:00 pm. To the extent possible, each criterion is defined 

in terms of percents and averages/yr so that the same criterion is useful regardless of the length of the hydrology period (i.e., 1‐yr, 3‐

yr, full period of record, etc.)

Page 13 of 13 Printed 10/1/2014, 1:04 PM



Yadkin CHEOPS Model Performance Measures Sheet

Line 
Number

Performance Measures Criterion (Note 1) Start Date End Date BLY 2012 BLY 2050 A1 2050 A2A 2050 A2B 2050 A3 2050 A4 2050 A5 2050 A11 2050

W. Kerr Scott Reservoir
(1955‐2013) 

(Note 4)

(1955‐2013) 

(Note 4)

(1955‐2013) 

(Note 4)

(1955‐2013) 

(Note 4)

(1955‐2013) 

(Note 4)

(1955‐2013) 

(Note 4)

(1955‐2013) 

(Note 4)

(1955‐2013) 

(Note 4)

(1955‐2013) 

(Note 4)

Elevation - Aesthetics

1
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

guide curve
1‐Jan 31‐Dec 98% 98% 98% 98% 98% 98% 98% 98% 98%

2
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

guide curve
1‐Jan 31‐Dec 99% 99% 99% 99% 99% 99% 99% 99% 99%

3
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

guide curve
1‐Jan 31‐Dec 99% 99% 99% 99% 99% 99% 99% 99% 99%

Elevation - Water Withdrawal

4
Evaluate days of restricted operation at lake‐

located intakes (future)

Number of days reservoir elevation below operational minimum 

elevation for withdrawal pool  (EL 1000.0 ft. msl)
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

High Rock Lake

Elevation - Aesthetics

5
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

operating curve
1‐Jan 31‐Dec 98% 97% 97% 97% 97% 97% 97% 97% 97%

6
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

operating curve
1‐Jan 31‐Dec 99% 98% 98% 98% 98% 98% 98% 98% 98%

7
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

operating curve
1‐Jan 31‐Dec 99% 99% 99% 99% 99% 99% 99% 99% 99%

Elevation - Water Withdrawal

8
Number of days reservoir elevation below critical level (613.9 ft. msl) 

for shallowest water supply intake (power) operation 
1‐Jan 31‐Dec 92 95 95 95 95 95 95 95 95

9
Number of days reservoir elevation below level (613.4 ft. msl) for  

proposed new shallowest water supply intake (power) operation 
1‐Jan 31‐Dec 87 92 92 92 92 92 92 92 92

Flow

10 Number of days at or below 2,000 cfs daily average max. flow 1‐Feb 15‐May 829 833 833 835 836 833 833 833 833

11 Number of days at or below 1,500 cfs daily average max. flow  16‐May 31‐May 186 190 190 190 190 190 190 190 190

12 Number of days at or below 1,000 cfs daily average max. flow  1‐Jun 31‐Jan 0 0 0 0 0 0 0 0 0

13 Number of days below 770 cfs critical daily average max. flow 1‐Jan 31‐Dec 1,445 1,416 1,416 1,408 1,392 1,416 1,416 1,416 1,416

14 Number of days below LIP daily average max. flow target 1‐Jan 31‐Dec 4,547 4,594 4,594 4,596 4,432 4,594 4,594 4,594 4,594

15 Lowest daily average flow (cfs) 1‐Jan 31‐Dec 30 30 30 30 30 30 30 30 30

Tuckertown Reservoir

Elevation - Aesthetics

16
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 97% 96% 96% 96% 94% 96% 96% 96% 96%

17
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 99% 99% 99% 97% 99% 99% 99% 99%

18
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 100% 100% 99% 100% 100% 100% 100%

19
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 0% 1% 1% 1% 3% 1% 1% 1% 1%

20
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 11% 12% 12% 12% 14% 12% 12% 12% 12%

21
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 100% 100% 100% 100% 100% 100% 100% 100% 100%

Elevation - Water Withdrawal

22
Evaluate days of restricted operation at lake‐

located intakes

Number of days reservoir elevation below critical level (560.7 ft. msl) 

for shallowest public water supply intake operation 
1‐Jan 31‐Dec 2 2 2 17 84 2 2 2 2

Model Scenario
Performance Measures Sheet ‐ Future (Year 2050) Yadkin Basin Water Demands

Period of Record (1955‐2013)

Evaluate adherence to reservoir full pond elevation 

(EL 564.7 ft. msl)

Evaluate adherence to reservoir guide curve (EL 

1030.0 ft. msl)

Evaluate adherence to reservoir operating rule 

curve

Evaluate adherence to reservoir normal minimum 

elevation (EL 561.7 ft. msl)

Evaluate days of restricted operation at lake‐

located intakes

Flow Release From High Rock Lake
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Line 
Number

Performance Measures Criterion (Note 1) Start Date End Date BLY 2012 BLY 2050 A1 2050 A2A 2050 A2B 2050 A3 2050 A4 2050 A5 2050 A11 2050

Model Scenario
Performance Measures Sheet ‐ Future (Year 2050) Yadkin Basin Water Demands

Period of Record (1955‐2013)

Narrows Reservoir (Badin Lake)

Elevation - Aesthetics

23
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 62% 56% 56% 53% 56% 56% 56% 56% 56%

24
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 98% 98% 97% 98% 98% 98% 98% 98%

25
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 100% 99% 99% 100% 100% 100% 100%

26
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 3% 3% 3% 4% 4% 3% 3% 3% 3%

27
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 8% 9% 9% 10% 9% 9% 9% 9% 9%

28
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 9% 10% 10% 12% 11% 10% 10% 10% 10%

Elevation - Water Withdrawal

29
Evaluate days of restricted operation at lake‐

located intakes

Number of days reservoir elevation below critical level (486.8 ft. 

msl)for shallowest public water supply intake operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

Falls Reservoir

Elevation - Aesthetics

30
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 38% 38% 38% 38% 37% 38% 38% 38% 38%

31
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 58% 58% 58% 57% 57% 58% 58% 58% 58%

32
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 68% 67% 67% 67% 67% 67% 67% 67% 67%

33
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 35% 35% 35% 36% 36% 35% 35% 35% 35%

34
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 48% 49% 49% 49% 49% 49% 49% 49% 49%

35
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 66% 66% 66% 66% 66% 66% 66% 66% 66%

Elevation - Water Withdrawal

36
Evaluate days of restricted operation at lake‐

located intakes

Number of days reservoir elevation below critical level (322.8 ft. msl) 

for shallowest water supply intake (hydropower) operation 
1‐Jan 31‐Dec 0 1 1 0 1 1 1 1 1

Flow

37 Number of days at or below 2,000 cfs daily average flow 1‐Feb 15‐May 783 788 788 804 805 788 788 788 788

38 Number of days at or below 1,500 cfs daily average flow  16‐May 31‐May 201 205 205 216 215 205 205 205 205

39 Number of days at or below 1,000 cfs daily average flow  1‐Jun 31‐Jan 0 0 0 0 0 0 0 0 0

40 Number of days below critical flow (770 cfs daily average flow) 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

41 Number of days below LIP daily average flow target 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

42 Lowest daily average flow (cfs) 1‐Jan 31‐Dec 770 770 770 770 770 770 770 770 770

Flow Release From Falls Reservoir

Evaluate adherence to reservoir full pond elevation 

(EL 509.8 ft. msl)

Evaluate adherence to reservoir full pond elevation 

(EL 332.8 ft. msl)

Evaluate adherence to reservoir normal minimum 

elevation (EL 504.8 ft. msl)

Evaluate adherence to reservoir normal minimum 

elevation (EL 328.8 ft. msl)
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Line 
Number

Performance Measures Criterion (Note 1) Start Date End Date BLY 2012 BLY 2050 A1 2050 A2A 2050 A2B 2050 A3 2050 A4 2050 A5 2050 A11 2050

Model Scenario
Performance Measures Sheet ‐ Future (Year 2050) Yadkin Basin Water Demands

Period of Record (1955‐2013)

Lake Tillery

Elevation - Aesthetics

43
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 100% 100% 100% 100% 100% 100% 100%

44
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 100% 100% 100% 100% 100% 100% 100%

45
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 100% 100% 100% 100% 100% 100% 100%

46
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
16‐Dec 28‐Feb 0% 0% 0% 0% 0% 0% 0% 0% 0%

47
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
16‐Dec 28‐Feb 0% 0% 0% 0% 0% 0% 0% 0% 0%

48
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
16‐Dec 28‐Feb 0% 0% 0% 0% 0% 0% 0% 0% 0%

49
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Mar 15‐Dec 0% 0% 0% 0% 0% 0% 0% 0% 0%

50
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Mar 15‐Dec 37% 37% 37% 37% 37% 37% 37% 37% 37%

51
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Mar 15‐Dec 100% 100% 100% 100% 100% 100% 100% 100% 100%

Flow

52
Number of days at or below 725 cfs continuous minimum flow (8 

consecutive weeks) for fish spawning
15‐Mar 15‐May 2,141 2,164 2,161 2,189 2,191 2,166 2,166 2,166 2,162

53 Number of days at or below 330 cfs continuous minimum flow 1‐Jan 31‐Dec 14,000 14,122 14,133 14,174 14,174 14,115 14,115 14,115 14,128

54 Lowest daily average flow (cfs) 1‐Jan 31‐Dec 708 380 330 380 380 330 330 330 330

Elevation - Water Withdrawal

55
Evaluate days of restricted operation at lake‐

located intakes

Number of days reservoir elevation below critical level (268.2 ft. msl) 

for shallowest public water supply and hydropower intake operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

Blewett Falls Lake

Elevation - Aesthetics

56
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 10% 10% 10% 10% 10% 10% 10% 10% 10%

57
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 76% 76% 76% 76% 76% 76% 76% 76% 76%

58
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 81% 81% 81% 81% 81% 81% 81% 81% 81%

59
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 0% 0% 1% 0% 0% 1% 1% 1% 1%

60
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 10% 10% 10% 10% 10% 10% 10% 10% 10%

61
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 23% 23% 23% 23% 23% 23% 23% 23% 23%

Elevation - Water Withdrawal

62
Evaluate days of restricted operation at lake‐

located intakes

Number of days reservoir elevation below critical level (168 ft. msl) for 

shallowest public water supply intake operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

Flow

63 Number of days at or below 2,400 cfs continuous flow target 1‐Feb 15‐May 1,995 2,060 2,067 2,065 2,065 2,076 2,076 2,076 2,076

64 Number of days at or below 1,800 cfs continuous flow target 16‐May 31‐May 508 528 531 525 527 532 532 532 534

65 Number of days at or below 1,200 cfs continuous flow target 1‐Jun 31‐Jan 7,903 8,084 8,098 8,094 8,089 8,244 8,244 8,244 8,152

66 Number of days at or below critical flow (925 cfs instantaneous flow) 1‐Jan 31‐Dec 19 22 23 22 22 23 23 23 23

67 Number of days below LIP continuous flow target 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

68 Lowest daily average flow (cfs) 1‐Jan 31‐Dec 940 925 925 925 925 925 925 925 925

Flow Release From Blewett Falls Lake

Evaluate adherence to reservoir normal winter 

minimum elevation (EL 273.2 ft. msl)

Evaluate adherence to reservoir full pond elevation 

(EL 178.1 ft. msl)

Evaluate adherence to reservoir normal summer 

minimum elevation (EL 275.7 ft. msl)

Flow Release From Lake Tillery

Evaluate adherence to reservoir normal minimum 

elevation (EL 172.1 ft. msl)

Evaluate adherence to reservoir full pond elevation 

(EL 278.2 ft. msl)
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Line 
Number

Performance Measures Criterion (Note 1) Start Date End Date BLY 2012 BLY 2050 A1 2050 A2A 2050 A2B 2050 A3 2050 A4 2050 A5 2050 A11 2050

Model Scenario
Performance Measures Sheet ‐ Future (Year 2050) Yadkin Basin Water Demands

Period of Record (1955‐2013)

Water Quantity Management

69 Percent of time in Normal Conditions 1‐Jan 31‐Dec 99% 99% 99% 99% 99% 99% 99% 99% 99%

70 Number of years attaining LIP Stage 0 1‐Jan 31‐Dec 1 2 2 2 2 2 2 2 2

71 Number of years with more than 60 days in LIP Stage 0 1‐Jan 31‐Dec 1 1 1 1 1 1 1 1 1

72 Number of years attaining LIP Stage 1 1‐Jan 31‐Dec 1 1 1 1 1 1 1 1 1

73 Number of years with more than 60 days in LIP Stage 1 1‐Jan 31‐Dec 1 1 1 1 1 1 1 1 1

74 Number of years attaining LIP Stage 2 1‐Jan 31‐Dec 1 1 1 1 1 1 1 1 1

75 Number of years with more than 60 days in LIP Stage 2 1‐Jan 31‐Dec 1 1 1 1 1 1 1 1 1

76 Number of years attaining LIP Stage 3 1‐Jan 31‐Dec 1 1 1 1 1 1 1 1 1

77 Number of years with more than 60 days in LIP Stage 3 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

78 Number of years attaining LIP Stage 4 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

79 Number of years with more than 60 days in LIP Stage 4 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

Alcoa Hydropower

80 Avg. MWh/yr of hydropower produced 1‐Jan 31‐Dec 835,503 828,305 828,308 824,956 824,142 828,306 828,306 828,306 828,307

81
Average equivalent # of homes per year that could be powered by the 

hydro project (Note 3)
1‐Jan 31‐Dec 63,296 62,750 62,751 62,497 62,435 62,750 62,750 62,750 62,751

Duke Energy-Progress Hydropower

82 Avg. MWh/yr of hydropower produced 1‐Jan 31‐Dec 339,230 332,093 330,410 330,439 330,450 331,566 331,566 331,566 330,855

83
Average equivalent # of homes per year that could be powered by the 

hydro project (Note 3)
1‐Jan 31‐Dec 25,699 25,159 25,031 25,033 25,034 25,119 25,119 25,119 25,065

LIP Drought Stage (Note 2)

Effect on Alcoa hydropower generation

Effect on Duke Energy hydropower generation
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Line 
Number

Performance Measures Criterion (Note 1) Start Date End Date BLY 2012 BLY 2050 A1 2050 A2A 2050 A2B 2050 A3 2050 A4 2050 A5 2050 A11 2050

W. Kerr Scott Reservoir
(1999‐2003)

(Note 5)

(1999‐2003)

(Note 5)

(1999‐2003)

(Note 5)

(1999‐2003)

(Note 5)

(1999‐2003)

(Note 5)

(1999‐2003)

(Note 5)

(1999‐2003)

(Note 5)

(1999‐2003)

(Note 5)

(1999‐2003)

(Note 5)

Elevation - Aesthetics

1
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

guide curve
1‐Jan 31‐Dec 96% 96% 96% 96% 96% 96% 96% 96% 96%

2
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

guide curve
1‐Jan 31‐Dec 98% 98% 98% 98% 98% 98% 98% 98% 98%

3
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

guide curve
1‐Jan 31‐Dec 99% 98% 98% 98% 98% 98% 98% 98% 98%

Elevation - Water Withdrawal

4
Evaluate days of restricted operation at lake‐

located intakes (future)

Number of days reservoir elevation below operational minimum 

elevation for withdrawal pool  (EL 1000.0 ft. msl)
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

High Rock Lake

Elevation - Aesthetics

5
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

operating curve
1‐Jan 31‐Dec 82% 81% 81% 80% 80% 81% 81% 81% 81%

6
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

operating curve
1‐Jan 31‐Dec 88% 87% 87% 87% 86% 87% 87% 87% 87%

7
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

operating curve
1‐Jan 31‐Dec 90% 89% 89% 89% 89% 89% 89% 89% 89%

Elevation - Water Withdrawal

8
Number of days reservoir elevation below critical level (613.9 ft. msl) 

for shallowest water supply intake (power) operation 
1‐Jan 31‐Dec 92 95 95 95 95 95 95 95 95

9
Number of days reservoir elevation below level (613.4 ft. msl) for  

proposed new shallowest water supply intake (power) operation 
1‐Jan 31‐Dec 87 92 92 92 92 92 92 92 92

Flow

10 Number of days at or below 2,000 cfs daily average max. flow 1‐Feb 15‐May 172 173 173 176 176 173 173 173 173

11 Number of days at or below 1,500 cfs daily average max. flow  16‐May 31‐May 41 41 41 41 41 41 41 41 41

12 Number of days  at or below 1,000 cfs daily average max. flow  1‐Jun 31‐Jan 0 0 0 0 0 0 0 0 0

13 Number of days below 770 cfs critical daily average max. flow 1‐Jan 31‐Dec 90 75 75 69 57 75 75 75 75

14 Number of days below LIP daily average max. flow target 1‐Jan 31‐Dec 789 784 784 780 649 784 784 784 784

15 Lowest daily average flow (cfs) 1‐Jan 31‐Dec 339 375 375 375 375 375 375 375 375

Tuckertown Reservoir

Elevation - Aesthetics

16
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 82% 76% 76% 76% 69% 76% 76% 76% 76%

17
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 96% 90% 90% 90% 79% 90% 90% 90% 90%

18
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 98% 98% 97% 87% 98% 98% 98% 98%

19
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 4% 10% 10% 10% 19% 10% 10% 10% 10%

20
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 26% 32% 32% 32% 35% 32% 32% 32% 32%

21
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 100% 100% 100% 100% 100% 100% 100% 100% 100%

Elevation - Water Withdrawal

22
Evaluate days of restricted operation at lake‐

located intakes

Number of days reservoir elevation below critical level (560.7 ft. msl) 

for shallowest public water supply intake operation 
1‐Jan 31‐Dec 0 0 0 15 82 0 0 0 0

Model Scenario
Performance Measures Sheet ‐ Future (Year 2050) Yadkin Basin Water Demands

Drought 1 (1999‐2003)

Evaluate adherence to reservoir guide curve (EL 

1030.0 ft. msl)

Evaluate adherence to reservoir operating rule 

curve

Evaluate adherence to reservoir full pond elevation 

(EL 564.7 ft. msl)

Evaluate adherence to reservoir normal minimum 

elevation (EL 561.7 ft. msl)

Evaluate days of restricted operation at lake‐

located intakes

Flow Release From High Rock Lake
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Line 
Number

Performance Measures Criterion (Note 1) Start Date End Date BLY 2012 BLY 2050 A1 2050 A2A 2050 A2B 2050 A3 2050 A4 2050 A5 2050 A11 2050

Model Scenario
Performance Measures Sheet ‐ Future (Year 2050) Yadkin Basin Water Demands

Drought 1 (1999‐2003)

Narrows Reservoir (Badin Lake)

Elevation - Aesthetics

23
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 41% 36% 36% 33% 35% 36% 36% 36% 36%

24
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 95% 85% 85% 75% 80% 85% 85% 85% 85%

25
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 97% 97% 86% 94% 97% 97% 97% 97%

26
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 4% 4% 4% 10% 6% 4% 4% 4% 4%

27
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 8% 12% 12% 22% 14% 12% 12% 12% 12%

28
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 13% 23% 23% 33% 28% 23% 23% 23% 23%

Elevation - Water Withdrawal

29
Evaluate days of restricted operation at lake‐

located intakes

Number of days reservoir elevation below critical level (486.8 ft. 

msl)for shallowest public water supply intake operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

Falls Reservoir

Elevation - Aesthetics

30
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 25% 25% 25% 25% 25% 25% 25% 25% 25%

31
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 39% 38% 38% 37% 37% 38% 38% 38% 38%

32
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 46% 45% 45% 44% 44% 45% 45% 45% 45%

33
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 55% 56% 56% 58% 58% 56% 56% 56% 56%

34
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 66% 67% 67% 67% 67% 67% 67% 67% 67%

35
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 78% 78% 78% 79% 79% 78% 78% 78% 78%

Elevation - Water Withdrawal

36
Evaluate days of restricted operation at lake‐

located intakes

Number of days reservoir elevation below critical level (322.8 ft. msl) 

for shallowest water supply intake (hydropower) operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

Flow

37 Number of days at or below 2,000 cfs daily average flow 1‐Feb 15‐May 169 176 176 181 179 176 176 176 176

38 Number of days at or below 1,500 cfs daily average flow  16‐May 31‐May 41 41 41 41 41 41 41 41 41

39 Number of days  at or below 1,000 cfs daily average flow  1‐Jun 31‐Jan 0 0 0 0 0 0 0 0 0

40 Number of days below critical flow (770 cfs daily average flow) 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

41 Number of days below LIP daily average flow target 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

42 Lowest daily average flow (cfs) 1‐Jan 31‐Dec 770 770 770 770 770 770 770 770 770

Evaluate adherence to reservoir full pond elevation 

(EL 509.8 ft. msl)

Evaluate adherence to reservoir normal minimum 

elevation (EL 504.8 ft. msl)

Evaluate adherence to reservoir full pond elevation 

(EL 332.8 ft. msl)

Evaluate adherence to reservoir normal minimum 

elevation (EL 328.8 ft. msl)

Flow Release From Falls Reservoir
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Line 
Number

Performance Measures Criterion (Note 1) Start Date End Date BLY 2012 BLY 2050 A1 2050 A2A 2050 A2B 2050 A3 2050 A4 2050 A5 2050 A11 2050

Model Scenario
Performance Measures Sheet ‐ Future (Year 2050) Yadkin Basin Water Demands

Drought 1 (1999‐2003)

Lake Tillery

Elevation - Aesthetics

43
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 98% 100% 100% 98% 98% 98% 98%

44
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 100% 100% 100% 100% 100% 100% 100%

45
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 100% 100% 100% 100% 100% 100% 100%

46
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
16‐Dec 28‐Feb 0% 0% 0% 0% 0% 0% 0% 0% 0%

47
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
16‐Dec 28‐Feb 0% 0% 0% 0% 0% 0% 0% 0% 0%

48
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
16‐Dec 28‐Feb 0% 0% 0% 0% 0% 0% 0% 0% 0%

49
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Mar 15‐Dec 1% 1% 2% 1% 1% 2% 2% 2% 2%

50
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Mar 15‐Dec 37% 38% 39% 38% 38% 39% 39% 39% 39%

51
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Mar 15‐Dec 100% 100% 100% 100% 100% 100% 100% 100% 100%

Flow

52
Number of days at or below 725 cfs continuous minimum flow (8 

consecutive weeks) for fish spawning
15‐Mar 15‐May 218 220 221 222 219 220 220 220 220

53 Number of days at or below 330 cfs continuous minimum flow 1‐Jan 31‐Dec 1,326 1,326 1,326 1,333 1,331 1,326 1,326 1,326 1,328

54 Lowest daily average flow (cfs) 1‐Jan 31‐Dec 751 380 330 380 380 330 330 330 330

Elevation - Water Withdrawal

55
Evaluate days of restricted operation at lake‐

located intakes

Number of days reservoir elevation below critical level (268.2 ft. msl) 

for shallowest public water supply and hydropower intake operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

Blewett Falls Lake

Elevation - Aesthetics

56
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 7% 6% 6% 6% 6% 6% 6% 6% 6%

57
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 81% 77% 76% 77% 77% 76% 76% 76% 76%

58
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 86% 82% 81% 82% 82% 81% 81% 81% 81%

59
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 1% 2% 4% 2% 2% 4% 4% 4% 4%

60
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 8% 12% 12% 11% 11% 12% 12% 12% 12%

61
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 18% 22% 23% 22% 22% 23% 23% 23% 23%

Elevation - Water Withdrawal

62
Evaluate days of restricted operation at lake‐

located intakes

Number of days reservoir elevation below critical level (168 ft. msl) for 

shallowest public water supply intake operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

Flow

63 Number of days at or below 2,400 cfs continuous flow target 1‐Feb 15‐May 284 285 285 287 286 286 286 286 286

64 Number of days at or below 1,800 cfs continuous flow target 16‐May 31‐May 64 65 65 64 64 65 65 65 65

65 Number of days at or below 1,200 cfs continuous flow target 1‐Jun 31‐Jan 837 850 852 850 851 862 862 862 859

66 Number of days at or below critical flow (925 cfs instantaneous flow) 1‐Jan 31‐Dec 19 22 23 22 22 23 23 23 23

67 Number of days below LIP continuous flow target 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

68 Lowest daily average flow (cfs) 1‐Jan 31‐Dec 940 925 925 925 925 925 925 925 925

Evaluate adherence to reservoir normal winter 

minimum elevation (EL 273.2 ft. msl)

Evaluate adherence to reservoir normal summer 

minimum elevation (EL 275.7 ft. msl)

Flow Release From Lake Tillery

Evaluate adherence to reservoir normal minimum 

elevation (EL 172.1 ft. msl)

Flow Release From Blewett Falls Lake

Evaluate adherence to reservoir full pond elevation 

(EL 278.2 ft. msl)

Evaluate adherence to reservoir full pond elevation 

(EL 178.1 ft. msl)
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Line 
Number

Performance Measures Criterion (Note 1) Start Date End Date BLY 2012 BLY 2050 A1 2050 A2A 2050 A2B 2050 A3 2050 A4 2050 A5 2050 A11 2050

Model Scenario
Performance Measures Sheet ‐ Future (Year 2050) Yadkin Basin Water Demands

Drought 1 (1999‐2003)

Water Quantity Management

69 Percent of time in Normal Conditions 1‐Jan 31‐Dec 88% 87% 87% 87% 87% 87% 87% 87% 87%

70 Number of years attaining LIP Stage 0 1‐Jan 31‐Dec 1 2 2 2 2 2 2 2 2

71 Number of years with more than 60 days in LIP Stage 0 1‐Jan 31‐Dec 1 1 1 1 1 1 1 1 1

72 Number of years attaining LIP Stage 1 1‐Jan 31‐Dec 1 1 1 1 1 1 1 1 1

73 Number of years with more than 60 days in LIP Stage 1 1‐Jan 31‐Dec 1 1 1 1 1 1 1 1 1

74 Number of years attaining LIP Stage 2 1‐Jan 31‐Dec 1 1 1 1 1 1 1 1 1

75 Number of years with more than 60 days in LIP Stage 2 1‐Jan 31‐Dec 1 1 1 1 1 1 1 1 1

76 Number of years attaining LIP Stage 3 1‐Jan 31‐Dec 1 1 1 1 1 1 1 1 1

77 Number of years with more than 60 days in LIP Stage 3 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

78 Number of years attaining LIP Stage 4 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

79 Number of years with more than 60 days in LIP Stage 4 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

Alcoa Hydropower

80 Avg. MWh/yr of hydropower produced 1‐Jan 31‐Dec 626,889 620,372 620,382 617,134 616,463 620,379 620,379 620,379 620,380

81
Average equivalent # of homes per year that could be powered by the 

hydro project (Note 3)
1‐Jan 31‐Dec 47,492 46,998 46,999 46,753 46,702 46,998 46,998 46,998 46,999

Duke Energy-Progress Hydropower

82 Avg. MWh/yr of hydropower produced 1‐Jan 31‐Dec 251,980 244,544 242,766 242,958 243,018 243,948 243,948 243,948 243,177

83
Average equivalent # of homes per year that could be powered by the 

hydro project (Note 3)
1‐Jan 31‐Dec 19,089 18,526 18,391 18,406 18,410 18,481 18,481 18,481 18,422

LIP Drought Stage (Note 2)

Effect on Alcoa hydropower generation

Effect on Duke Energy hydropower generation
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Line 
Number

Performance Measures Criterion (Note 1) Start Date End Date BLY 2012 BLY 2050 A1 2050 A2A 2050 A2B 2050 A3 2050 A4 2050 A5 2050 A11 2050

W. Kerr Scott Reservoir
(2006‐2009)

(Note 6)

(2006‐2009)

(Note 6)

(2006‐2009)

(Note 6)

(2006‐2009)

(Note 6)

(2006‐2009)

(Note 6)

(2006‐2009)

(Note 6)

(2006‐2009)

(Note 6)

(2006‐2009)

(Note 6)

(2006‐2009)

(Note 6)

Elevation - Aesthetics

1
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

guide curve
1‐Jan 31‐Dec 98% 98% 98% 98% 98% 98% 98% 98% 98%

2
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

guide curve
1‐Jan 31‐Dec 99% 99% 99% 99% 99% 99% 99% 99% 99%

3
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

guide curve
1‐Jan 31‐Dec 100% 100% 100% 100% 100% 100% 100% 100% 100%

Elevation - Water Withdrawal

4
Evaluate days of restricted operation at lake‐

located intakes (future)

Number of days reservoir elevation below operational minimum 

elevation for withdrawal pool  (EL 1000.0 ft. msl)
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

High Rock Lake

Elevation - Aesthetics

5
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

operating curve
1‐Jan 31‐Dec 91% 91% 91% 90% 90% 91% 91% 91% 91%

6
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

operating curve
1‐Jan 31‐Dec 95% 95% 95% 94% 94% 95% 95% 95% 95%

7
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

operating curve
1‐Jan 31‐Dec 98% 97% 97% 97% 97% 97% 97% 97% 97%

Elevation - Water Withdrawal

8
Number of days reservoir elevation below critical level (613.9 ft. msl) 

for shallowest water supply intake (power) operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

9
Number of days reservoir elevation below level (613.4 ft. msl) for  

proposed new shallowest water supply intake (power) operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

Flow

10 Number of days at or below 2,000 cfs daily average max. flow 1‐Feb 15‐May 100 101 101 101 101 101 101 101 101

11 Number of days at or below 1,500 cfs daily average max. flow  16‐May 31‐May 18 19 19 19 19 19 19 19 19

12 Number of days  at or below 1,000 cfs daily average max. flow  1‐Jun 31‐Jan 0 0 0 0 0 0 0 0 0

13 Number of days below 770 cfs critical daily average max. flow 1‐Jan 31‐Dec 84 72 72 72 72 72 72 72 72

14 Number of days below LIP daily average max. flow target 1‐Jan 31‐Dec 496 527 527 527 497 527 527 527 527

15 Lowest daily average flow (cfs) 1‐Jan 31‐Dec 30 30 30 30 30 30 30 30 30

Tuckertown Reservoir

Elevation - Aesthetics

16
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 93% 88% 88% 89% 85% 88% 88% 88% 88%

17
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 95% 95% 95% 92% 95% 95% 95% 95%

18
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 100% 100% 98% 100% 100% 100% 100%

19
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 0% 5% 5% 5% 8% 5% 5% 5% 5%

20
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 16% 20% 20% 19% 23% 20% 20% 20% 20%

21
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 100% 100% 100% 100% 100% 100% 100% 100% 100%

Elevation - Water Withdrawal

22
Evaluate days of restricted operation at lake‐

located intakes

Number of days reservoir elevation below critical level (560.7 ft. msl) 

for shallowest public water supply intake operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

Evaluate adherence to reservoir guide curve (EL 

1030.0 ft. msl)

Evaluate adherence to reservoir operating rule 

curve

Flow Release From High Rock Lake

Evaluate adherence to reservoir full pond elevation 

(EL 564.7 ft. msl)

Evaluate adherence to reservoir normal minimum 

elevation (EL 561.7 ft. msl)

Model Scenario
Performance Measures Sheet ‐ Future (Year 2050) Yadkin Basin Water Demands

Drought 2 (2006‐2009)

Evaluate days of restricted operation at lake‐

located intakes
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Line 
Number

Performance Measures Criterion (Note 1) Start Date End Date BLY 2012 BLY 2050 A1 2050 A2A 2050 A2B 2050 A3 2050 A4 2050 A5 2050 A11 2050

Model Scenario
Performance Measures Sheet ‐ Future (Year 2050) Yadkin Basin Water Demands

Drought 2 (2006‐2009)

Narrows Reservoir (Badin Lake)

Elevation - Aesthetics

23
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 46% 39% 39% 34% 38% 39% 39% 39% 39%

24
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 93% 93% 90% 92% 93% 93% 93% 93%

25
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 100% 95% 100% 100% 100% 100% 100%

26
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 5% 5% 5% 6% 6% 5% 5% 5% 5%

27
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 8% 9% 9% 13% 9% 9% 9% 9% 9%

28
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 8% 15% 15% 19% 16% 15% 15% 15% 15%

Elevation - Water Withdrawal

29
Evaluate days of restricted operation at lake‐

located intakes

Number of days reservoir elevation below critical level (486.8 ft. 

msl)for shallowest public water supply intake operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

Falls Reservoir

Elevation - Aesthetics

30
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 24% 22% 22% 22% 22% 22% 22% 22% 22%

31
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 44% 41% 41% 41% 41% 41% 41% 41% 41%

32
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 54% 52% 52% 50% 50% 52% 52% 52% 52%

33
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 48% 50% 50% 52% 52% 50% 50% 50% 50%

34
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 62% 64% 64% 64% 64% 64% 64% 64% 64%

35
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 78% 79% 79% 80% 80% 79% 79% 79% 79%

Elevation - Water Withdrawal

36
Evaluate days of restricted operation at lake‐

located intakes

Number of days reservoir elevation below critical level (322.8 ft. msl) 

for shallowest water supply intake (hydropower) operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

Flow

37 Number of days at or below 2,000 cfs daily average flow 1‐Feb 15‐May 94 91 91 97 97 91 91 91 91

38 Number of days at or below 1,500 cfs daily average flow  16‐May 31‐May 23 25 25 27 27 25 25 25 25

39 Number of days  at or below 1,000 cfs daily average flow  1‐Jun 31‐Jan 0 0 0 0 0 0 0 0 0

40 Number of days below critical flow (770 cfs daily average flow) 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

41 Number of days below LIP daily average flow target 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

42 Lowest daily average flow (cfs) 1‐Jan 31‐Dec 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000

Flow Release From Falls Reservoir

Evaluate adherence to reservoir full pond elevation 

(EL 509.8 ft. msl)

Evaluate adherence to reservoir normal minimum 

elevation (EL 504.8 ft. msl)

Evaluate adherence to reservoir full pond elevation 

(EL 332.8 ft. msl)

Evaluate adherence to reservoir normal minimum 

elevation (EL 328.8 ft. msl)
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Line 
Number

Performance Measures Criterion (Note 1) Start Date End Date BLY 2012 BLY 2050 A1 2050 A2A 2050 A2B 2050 A3 2050 A4 2050 A5 2050 A11 2050

Model Scenario
Performance Measures Sheet ‐ Future (Year 2050) Yadkin Basin Water Demands

Drought 2 (2006‐2009)

Lake Tillery

Elevation - Aesthetics

43
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 99% 99% 99% 99% 99% 99% 99% 99% 99%

44
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 100% 100% 100% 100% 100% 100% 100%

45
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 100% 100% 100% 100% 100% 100% 100% 100% 100%

46
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
16‐Dec 28‐Feb 0% 0% 0% 0% 0% 0% 0% 0% 0%

47
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
16‐Dec 28‐Feb 0% 0% 0% 0% 0% 0% 0% 0% 0%

48
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
16‐Dec 28‐Feb 0% 0% 0% 0% 0% 0% 0% 0% 0%

49
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Mar 15‐Dec 0% 0% 0% 0% 0% 0% 0% 0% 0%

50
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Mar 15‐Dec 38% 38% 38% 38% 38% 38% 38% 38% 38%

51
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Mar 15‐Dec 100% 100% 100% 100% 100% 100% 100% 100% 100%

Flow

52
Number of days at or below 725 cfs continuous minimum flow (8 

consecutive weeks) for fish spawning
15‐Mar 15‐May 205 210 210 212 213 210 210 210 210

53 Number of days at or below 330 cfs continuous minimum flow 1‐Jan 31‐Dec 1,072 1,074 1,076 1,075 1,075 1,075 1,075 1,075 1,076

54 Lowest daily average flow (cfs) 1‐Jan 31‐Dec 927 866 845 866 866 866 866 866 856

Elevation - Water Withdrawal

55
Evaluate days of restricted operation at lake‐

located intakes

Number of days reservoir elevation below critical level (268.2 ft. msl) 

for shallowest public water supply and hydropower intake operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

Blewett Falls Lake

Elevation - Aesthetics

56
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir full 

pond
1‐Jan 31‐Dec 6% 7% 7% 6% 6% 7% 7% 7% 7%

57
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir full 

pond
1‐Jan 31‐Dec 79% 79% 78% 79% 79% 78% 78% 78% 78%

58
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir full 

pond
1‐Jan 31‐Dec 83% 84% 83% 84% 84% 83% 83% 83% 83%

59
Percent of time end of day reservoir level within +/‐ 1 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 0% 0% 0% 0% 0% 0% 0% 0% 0%

60
Percent of time end of day reservoir level within +/‐ 2 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 11% 10% 11% 11% 10% 11% 11% 11% 11%

61
Percent of time end of day reservoir level within +/‐ 3 ft of reservoir 

normal minimum elevation
1‐Jan 31‐Dec 21% 21% 21% 21% 21% 21% 21% 21% 21%

Elevation - Water Withdrawal

62
Evaluate days of restricted operation at lake‐

located intakes

Number of days reservoir elevation below critical level (168 ft. msl) for 

shallowest public water supply intake operation 
1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

Flow

63 Number of days at or below 2,400 cfs continuous flow target 1‐Feb 15‐May 277 277 277 277 277 279 279 279 279

64 Number of days at or below 1,800 cfs continuous flow target 16‐May 31‐May 57 57 57 57 57 57 57 57 57

65 Number of days at or below 1,200 cfs continuous flow target 1‐Jun 31‐Jan 683 694 696 694 695 701 701 701 699

66 Number of days at or below critical flow (925 cfs instantaneous flow) 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

67 Number of days below LIP continuous flow target 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

68 Lowest daily average flow (cfs) 1‐Jan 31‐Dec 1,200 1,200 1,200 1,200 1,200 1,200 1,200 1,200 1,200

Evaluate adherence to reservoir full pond elevation 

(EL 278.2 ft. msl)

Evaluate adherence to reservoir normal winter 

minimum elevation (EL 273.2 ft. msl)

Evaluate adherence to reservoir normal summer 

minimum elevation (EL 275.7 ft. msl)

Evaluate adherence to reservoir full pond elevation 

(EL 178.1 ft. msl)

Evaluate adherence to reservoir normal minimum 

elevation (EL 172.1 ft. msl)

Flow Release From Blewett Falls Lake

Flow Release From Lake Tillery
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Line 
Number

Performance Measures Criterion (Note 1) Start Date End Date BLY 2012 BLY 2050 A1 2050 A2A 2050 A2B 2050 A3 2050 A4 2050 A5 2050 A11 2050

Model Scenario
Performance Measures Sheet ‐ Future (Year 2050) Yadkin Basin Water Demands

Drought 2 (2006‐2009)

Water Quantity Management

69 Percent of time in Normal Conditions 1‐Jan 31‐Dec 100% 100% 100% 100% 100% 100% 100% 100% 100%

70 Number of years attaining LIP Stage 0 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

71 Number of years with more than 60 days in LIP Stage 0 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

72 Number of years attaining LIP Stage 1 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

73 Number of years with more than 60 days in LIP Stage 1 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

74 Number of years attaining LIP Stage 2 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

75 Number of years with more than 60 days in LIP Stage 2 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

76 Number of years attaining LIP Stage 3 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

77 Number of years with more than 60 days in LIP Stage 3 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

78 Number of years attaining LIP Stage 4 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

79 Number of years with more than 60 days in LIP Stage 4 1‐Jan 31‐Dec 0 0 0 0 0 0 0 0 0

Alcoa Hydropower

80 Avg. MWh/yr of hydropower produced 1‐Jan 31‐Dec 620,402 612,821 612,822 609,284 608,443 612,821 612,821 612,821 612,822

81
Average equivalent # of homes per year that could be powered by the 

hydro project (Note 3)
1‐Jan 31‐Dec 47,000 46,426 46,426 46,158 46,094 46,426 46,426 46,426 46,426

Duke Energy-Progress Hydropower

82 Avg. MWh/yr of hydropower produced 1‐Jan 31‐Dec 249,888 242,354 240,548 240,586 240,548 241,745 241,745 241,745 241,022

83
Average equivalent # of homes per year that could be powered by the 

hydro project (Note 3)
1‐Jan 31‐Dec 18,931 18,360 18,223 18,226 18,223 18,314 18,314 18,314 18,259

LIP Drought Stage (Note 2)

Effect on Alcoa hydropower generation

Effect on Duke Energy hydropower generation
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Notes

1 For criterion that measure on an hourly or daily basis, unless stated otherwise:

a. If an hourly criteria occurs during the average of four contiguous 15‐minute periods, then it counts as 1 hour.

b. If a daily criterion occurs for 5 contiguous 1‐hour periods, then it counts as 1 day.

2 LIP ‐ Low Inflow Protocol for the Yadkin and Yadkin‐Pee Dee River Hydroelectric Projects (Alcoa and Duke Energy Progress)

3 Calculated by [(Total Scenario MWh / 13.2 MWh per home) / the # of years in the scenario]

4

21,550 days (59 years * 365.25 days/year)

2,068,776 15‐minute time steps (59 years * 365.25 days/year * 24 hours/day * 4 time steps/hour) 

5

1,826 days (5 years * 365.25 days/year)

175,320 15‐minute time steps (5 years * 365.25 days/year * 24 hours/day * 4 time steps/hour) 

6

1,461 days (4 years * 365.25 days/year)

140,256 15‐minute time steps (4 years * 365.25 days/year * 24 hours/day * 4 time steps/hour) 

2006 thru 2009 Drought, inclusive (4 years)

1999 thru 2003 Drought, inclusive (5 years)

1955 thru 2013, inclusive (59 years)

Power produced by the hydro projects is actually supplied to the electric system grid and is used by electric customers (including residential, industrial and commercial 

customers), as is power produced at other Duke Energy Progress and/or APGI generating stations. This criterion of average equivalent homes per year is intended to 

simply make the total energy production potential of the hydro projects more understandable to stakeholders and to put a perspective around potential differences in 

hydropower production between various scenarios. This measure does not imply that any number of homes will go without power if a particular scenario is chosen.

Also, daytime flows are assumed to be flows provided between 7:00 am and 7:00 pm. To the extent possible, each criterion is defined 

in terms of percents and averages/yr so that the same criterion is useful regardless of the length of the hydrology period (i.e., 1‐yr, 3‐

yr, full period of record, etc.)
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Alternative 2B  

2012 Basin Water Use with 
Union County 2050 Demand 

Hydro Generation Details 

Period of Record 
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C-5 
Alternative 3 (A&B)  

2012 Basin Water Use with 
Union County 2050 Demand 

Hydro Generation Details 
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Scenario 'Base_2050' 

High Rock Tuckertown Narrows Falls Tillery Blewett Falls
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High Rock Tuckertown Narrows Falls Tillery Blewett Falls
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Union County 2050 Demand 
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Alternative 3 (A&B)  

2050 Basin Water Use with 
Union County 2050 Demand 

Hydro Generation Details 
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2012 Basin Water Use with 
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Elevation & Storage 
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Annual Averages

Base 
(UC2050_

2012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_

2012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
W. Kerr Scott 1030.2 1030.2 1030.2 1030.2 1030.2 1030.2 1030.2 1030.2 W. Kerr Scott 41,397 41,397 41,397 41,397 41,397 41,397 41,397 41,397

High Rock 623.2 623.2 623.2 623.2 623.2 623.2 623.2 623.2 High Rock 229,421 229,421 229,419 229,401 229,421 229,421 229,421 229,421
Tuckertown 564.2 564.2 564.2 564.2 564.2 564.2 564.2 564.2 Tuckertown 41,067 41,067 41,066 40,924 41,067 41,067 41,067 41,067

Narrows 509.0 509.0 509.0 509.0 509.0 509.0 509.0 509.0 Narrows 138,132 138,132 137,938 138,097 138,132 138,132 138,132 138,132
Falls 330.9 330.9 330.9 330.9 330.9 330.9 330.9 330.9 Falls 2,072 2,071 2,069 2,069 2,071 2,071 2,071 2,071
Tillery 278.0 278.0 278.0 278.0 278.0 278.0 278.0 278.0 Tillery 132,580 132,580 132,580 132,580 132,581 132,581 132,581 132,581

Blewett 176.5 176.5 176.5 176.5 176.5 176.5 176.5 176.5 Blewett 26,355 26,347 26,355 26,357 26,336 26,336 26,336 26,350
Total 611,024 611,016 610,825 610,826 611,006 611,006 611,006 611,020

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(UC2050_
2012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_

2012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
W. Kerr Scott 1030.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 W. Kerr Scott 41,397 0 0 0 0 0 0 0

High Rock 623.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 High Rock 229,421 0 -2 -20 0 0 0 0
Tuckertown 564.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Tuckertown 41,067 0 -2 -143 0 0 0 0

Narrows 509.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Narrows 138,132 0 -194 -35 0 0 0 0
Falls 330.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Falls 2,072 0 -3 -2 0 0 0 0
Tillery 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Tillery 132,580 0 0 0 1 1 1 1

Blewett 176.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Blewett 26,355 -8 0 2 -19 -19 -19 -5
Total 611,024 -8 -199 -197 -18 -18 -18 -4

Average 
Elevation 

(feet)

Average 
Storage 
(million 
gallons)

Base 
(UC2050_

2012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_

2012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
W. Kerr Scott 1030.2 0 0 0 0 0 0 0 W. Kerr Scott 13,489 0 0 0 0 0 0 0

High Rock 623.2 0 0 0 0 0 0 0 High Rock 74,757 0 -1 -6 0 0 0 0
Tuckertown 564.2 0 0 0 0 0 0 0 Tuckertown 13,382 0 -1 -47 0 0 0 0

Narrows 509.0 0 0 0 0 0 0 0 Narrows 45,010 0 -63 -11 0 0 0 0
Falls 330.9 0 0 0 0 0 0 0 Falls 675 0 -1 -1 0 0 0 0
Tillery 278.0 0 0 0 0 0 0 0 Tillery 43,201 0 0 0 0 0 0 0

Blewett 176.5 0 0 0 0 0 0 0 Blewett 8,588 -2 0 1 -6 -6 -6 -2
Total 199,103 -3 -65 -64 -6 -6 -6 -1

Reservoir

Average Elevation (feet)

Reservoir

Average Storage (acre-feet)

Reservoir

Difference (feet) from BASE (UC2050_2012)

Reservoir

Difference (acre-feet) from BASE (UC2050_2012)

Reservoir

Difference (in) from BASE (UC2050_2012)

Reservoir

Difference (million gallons) from BASE (UC2050_2012)



Plant‐specific Tables

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(UC2050_
2012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_

2012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
Jan 1030.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 41,440 0 0 0 0 0 0 0
Feb 1030.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 41,509 0 0 0 0 0 0 0
Mar 1030.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 41,539 0 0 0 0 0 0 0
Apr 1030.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 41,651 0 0 0 0 0 0 0
May 1030.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 41,462 0 0 0 0 0 0 0
Jun 1030.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 41,368 0 0 0 0 0 0 0
Jul 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jul 41,292 0 0 0 0 0 0 0
Aug 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Aug 41,325 0 0 0 0 0 0 0
Sep 1030.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Sep 41,200 0 0 0 0 0 0 0
Oct 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Oct 41,262 0 0 0 0 0 0 0
Nov 1030.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Nov 41,405 0 0 0 0 0 0 0
Dec 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dec 41,323 0 0 0 0 0 0 0

Total - 0 0 0 0 0 0 0

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(UC2050_
2012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_

2012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
Jan 623.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 232,256 0 0 -50 0 0 0 0
Feb 623.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 232,507 0 0 0 0 0 0 0
Mar 623.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 233,384 0 0 0 0 0 0 0
Apr 623.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 232,737 0 3 3 0 0 0 0
May 623.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 230,163 0 1 1 0 0 0 0
Jun 623.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 229,139 0 -6 -6 0 0 0 0
Jul 623.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jul 226,995 0 -3 -5 0 0 0 0
Aug 622.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Aug 225,278 0 -2 -32 0 0 0 0
Sep 622.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Sep 224,820 0 -5 -21 0 0 0 0
Oct 623.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Oct 226,655 0 -4 -44 0 0 0 0
Nov 623.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Nov 228,700 0 -3 -26 0 0 0 0
Dec 623.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dec 230,624 0 -2 -56 0 0 0 0

Total - 0 -23 -235 0 0 0 0

Month

W. Kerr Scott Difference (feet) from BASE (UC2050_2012)

Month

W. Kerr Scott Difference (acre-feet) from BASE (UC2050_2012)

Month

High Rock Difference (feet) from BASE (UC2050_2012)

Month

High Rock Difference (acre-feet) from BASE (UC2050_2012)



Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(UC2050_
2012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_

2012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
Jan 564.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 41,226 0 0 -45 0 0 0 0
Feb 564.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 41,233 0 0 -30 0 0 0 0
Mar 564.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 41,262 0 0 -20 0 0 0 0
Apr 564.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 41,221 0 0 -25 0 0 0 0
May 564.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 41,085 0 1 -102 0 0 0 0
Jun 564.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 41,077 0 -3 -118 0 0 0 0
Jul 564.2 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 Jul 40,981 0 -6 -184 0 0 0 0
Aug 564.2 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 Aug 40,924 0 -4 -245 0 0 0 0
Sep 564.2 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 Sep 40,864 0 -2 -288 0 0 0 0
Oct 564.1 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 Oct 40,846 0 -4 -310 0 0 0 0
Nov 564.2 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 Nov 41,017 0 -1 -200 0 0 0 0
Dec 564.3 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 Dec 41,086 0 0 -144 0 0 0 0

Total - 0 -20 -1,712 0 0 0 0

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(UC2050_
2012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_

2012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
Jan 509.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 138,759 0 -101 -10 0 0 0 0
Feb 509.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 139,027 0 -33 -5 0 0 0 0
Mar 509.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 139,341 0 -28 -13 0 0 0 0
Apr 509.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 139,016 0 -35 -8 0 0 0 0
May 509.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 138,274 0 -112 -13 0 0 0 0
Jun 509.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 138,078 0 -151 -43 0 0 0 0
Jul 508.9 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 Jul 137,533 0 -227 -52 0 0 0 0
Aug 508.8 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 Aug 137,310 0 -341 -66 0 0 0 0
Sep 508.8 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 Sep 137,227 0 -350 -48 0 0 0 0
Oct 508.8 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 Oct 137,255 0 -393 -44 0 0 0 0
Nov 508.9 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 Nov 137,584 0 -287 -57 0 0 0 0
Dec 509.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dec 138,239 0 -252 -52 0 0 0 0

Total - 0 -2,310 -412 0 0 0 0

Month

Tuckertown Difference (feet) from BASE (UC2050_2012)

Month

Tuckertown Difference (acre-feet) from BASE (UC2050_2012)

Month

Narrows Difference (feet) from BASE (UC2050_2012)

Month

Narrows Difference (acre-feet) from BASE (UC2050_2012)



Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(UC2050_
2012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_

2012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
Jan 331.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 2,139 0 -1 -2 0 0 0 0
Feb 331.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 2,156 0 0 1 0 0 0 0
Mar 331.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 2,196 0 -1 -1 0 0 0 0
Apr 331.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 2,174 0 -6 -5 0 0 0 0
May 331.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 2,109 0 -3 -4 0 0 0 0
Jun 330.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 2,058 0 -3 -2 0 0 0 0
Jul 330.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jul 2,003 0 -3 -3 0 0 0 0
Aug 330.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Aug 1,971 0 -4 -2 0 0 0 0
Sep 330.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Sep 1,968 0 -2 -1 0 0 0 0
Oct 330.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Oct 1,981 0 -4 -3 0 0 0 0
Nov 330.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Nov 2,014 0 -2 0 0 0 0 0
Dec 331.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dec 2,092 0 -2 -2 0 0 0 0

Total - 0 -32 -25 0 0 0 0

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(UC2050_
2012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_

2012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
Jan 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 132,738 2 2 1 2 2 2 2
Feb 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 132,748 -1 0 0 2 2 2 2
Mar 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 132,520 0 0 0 1 1 1 0
Apr 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 132,460 -5 2 0 1 1 1 -2
May 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 132,486 -2 -10 -10 1 1 1 -2
Jun 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 132,536 1 1 1 1 1 1 1
Jul 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jul 132,575 0 0 0 0 0 0 0
Aug 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Aug 132,598 1 1 1 1 1 1 1
Sep 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Sep 132,555 0 0 1 0 0 0 0
Oct 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Oct 132,565 1 1 1 1 1 1 1
Nov 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Nov 132,550 1 1 3 1 1 1 1
Dec 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dec 132,639 2 2 2 1 1 1 2

Total - -1 2 1 13 13 13 6

Month

Falls Difference (feet) from BASE (UC2050_2012)

Month

Falls Difference (acre-feet) from BASE (UC2050_2012)

Month

Tillery Difference (feet) from BASE (UC2050_2012)

Month

Tillery Difference (acre-feet) from BASE (UC2050_2012)



Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(UC2050_
2012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_

2012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
Jan 176.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 25,818 -1 -76 -77 -2 -2 -2 -1
Feb 176.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 26,072 -88 -83 -85 -87 -87 -87 -87
Mar 176.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 26,007 7 97 4 9 9 9 22
Apr 176.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 26,323 -30 26 25 -41 -41 -41 -24
May 176.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 26,387 29 62 100 -19 -19 -19 29
Jun 176.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 26,364 39 -52 41 -44 -44 -44 39
Jul 176.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jul 26,806 9 53 55 -14 -14 -14 9
Aug 176.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Aug 26,746 -28 3 3 -27 -27 -27 -27
Sep 176.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Sep 26,496 -13 -1 1 -12 -12 -12 -13
Oct 176.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Oct 26,355 -5 0 1 5 5 5 -6
Nov 176.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Nov 26,685 -14 -4 -16 -3 -3 -3 -3
Dec 176.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dec 26,188 -5 -29 -29 -5 -5 -5 -5

Total - -98 -4 23 -238 -238 -238 -65

Average 
Storage 

(acre-feet)
Base 

(UC2050_
2012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
Jan 25,827 1 -176 -182 0 0 0 1
Feb 25,989 -89 -116 -121 -85 -85 -85 -86
Mar 26,101 6 68 -30 10 10 10 22
Apr 26,449 -35 -11 -10 -40 -40 -40 -26
May 26,540 26 -61 -28 -17 -17 -17 28
Jun 26,426 40 -214 -127 -43 -43 -43 40
Jul 26,694 9 -186 -188 -14 -14 -14 10
Aug 26,534 -27 -347 -342 -26 -26 -26 -26
Sep 26,400 -12 -360 -356 -12 -12 -12 -12
Oct 26,383 -4 -404 -399 6 6 6 -5
Nov 26,648 -13 -296 -296 -3 -3 -3 -2
Dec 26,152 -3 -284 -281 -4 -4 -4 -3

Total - -100 -2,387 -2,361 -226 -226 -226 -59

Month

Total System Difference (acre-feet) from BASE (UC2050_2012)

Month

Blewett Difference (feet) from BASE (UC2050_2012)

Month

Blewett Difference (acre-feet) from BASE (UC2050_2012)
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Reservoir 

Yadkin-Pee Dee Reservoirs - Average Storage Comparison 
for years 1953 to 2013 

Base (UC2050_2012)

ALT 1 (UC2050_2012)

ALT 2A (UC2050_2012)

ALT 2B (UC2050_2012)

ALT 3 (UC2050_2012)

ALT 4 (UC2050_2012)

ALT 5 (UC2050_2012)

ALT 11 (UC2050_2012)
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Alternative 

W. Kerr Scott Reservoir - Average Storage Comparison 
for years 1953 to 2013 

W. Kerr Scott



229,421 229,421 

229,419 

229,401 

229,421 229,421 229,421 229,421 

229,390

229,395

229,400

229,405

229,410

229,415

229,420

229,425

Base
(UC2050_2012)

ALT 1
(UC2050_2012)

ALT 2A
(UC2050_2012)

ALT 2B
(UC2050_2012)

ALT 3
(UC2050_2012)
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Alternative 

High Rock Lake - Average Storage Comparison 
for years 1953 to 2013 

High Rock
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Alternative 

Tuckertown Reservoir - Average Storage Comparison 
for years 1953 to 2013 

Tuckertown



138,132 138,132 
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Alternative 

Narrows Reservoir - Average Storage Comparison 
for years 1953 to 2013 

Narrows



2,072 2,071 

2,069 
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Alternative 

Falls Reservoir - Average Storage Comparison 
for years 1953 to 2013 

Falls



132,580 132,580 132,580 132,580 

132,581 132,581 132,581 
132,581 

132,570

132,580

132,590

Base
(UC2050_2012)

ALT 1
(UC2050_2012)

ALT 2A
(UC2050_2012)

ALT 2B
(UC2050_2012)

ALT 3
(UC2050_2012)

ALT 4
(UC2050_2012)

ALT 5
(UC2050_2012)

ALT 11
(UC2050_2012)
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Alternative 

Lake Tillery - Average Storage Comparison 
for years 1953 to 2013 

Tillery



26,355 

26,347 

26,355 

26,357 

26,336 26,336 26,336 

26,350 

26,320

26,325

26,330

26,335

26,340

26,345

26,350

26,355

26,360

Base
(UC2050_2012)

ALT 1
(UC2050_2012)

ALT 2A
(UC2050_2012)

ALT 2B
(UC2050_2012)

ALT 3
(UC2050_2012)

ALT 4
(UC2050_2012)

ALT 5
(UC2050_2012)

ALT 11
(UC2050_2012)
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Alternative 

Blewett Falls Lake - Average Storage Comparison 
for years 1953 to 2013 

Blewett



611,024 
611,016 

610,825 610,826 

611,006 611,006 611,006 
611,020 

610,700

610,750

610,800

610,850

610,900

610,950

611,000

611,050

Base
(UC2050_2012)
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ALT 2B
(UC2050_2012)

ALT 3
(UC2050_2012)

ALT 4
(UC2050_2012)

ALT 5
(UC2050_2012)

ALT 11
(UC2050_2012)
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Alternative 

Total System - Average Storage Comparison 
for years 1953 to 2013 

Total
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Total System - Difference in Average Monthly Storage from Base (2012) 
for years 1953 to 2013 

ALT 1 (UC2050_2012)

ALT 2A (UC2050_2012)

ALT 2B (UC2050_2012)

ALT 3 (UC2050_2012)

ALT 4 (UC2050_2012)

ALT 5 (UC2050_2012)

ALT 11 (UC2050_2012)



  

  

I-2 
2012 Basin Water Use with 
Union County 2050 Demand 

Elevation & Storage 
Comparisons 

Drought 1 (1999-2003) 
 

 
 

  

  



Annual Averages

Base 
(UC2050_2

012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_2

012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
W. Kerr Scott 1030.0 1030.0 1030.0 1030.0 1030.0 1030.0 1030.0 1030.0 W. Kerr Scott 41,151 41,151 41,151 41,151 41,151 41,151 41,151 41,151

High Rock 622.1 622.1 622.1 622.1 622.1 622.1 622.1 622.1 High Rock 217,044 217,044 217,029 216,869 217,044 217,044 217,044 217,044
Tuckertown 564.0 564.0 564.0 563.6 564.0 564.0 564.0 564.0 Tuckertown 40,563 40,563 40,541 39,729 40,563 40,563 40,563 40,563

Narrows 508.8 508.8 508.5 508.7 508.8 508.8 508.8 508.8 Narrows 136,867 136,867 135,672 136,664 136,867 136,867 136,867 136,867
Falls 330.2 330.2 330.2 330.2 330.2 330.2 330.2 330.2 Falls 1,942 1,942 1,939 1,940 1,942 1,942 1,942 1,942

Tillery 278.0 278.0 278.0 278.0 278.0 278.0 278.0 278.0 Tillery 132,569 132,566 132,566 132,569 132,570 132,570 132,570 132,567
Blewett 176.6 176.6 176.6 176.6 176.6 176.6 176.6 176.6 Blewett 26,481 26,445 26,499 26,495 26,437 26,437 26,437 26,454

Total 596,616 596,578 595,397 595,418 596,574 596,574 596,574 596,588

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(UC2050_2
012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_2

012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
W. Kerr Scott 1030.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 W. Kerr Scott 41,151 0 0 0 0 0 0 0

High Rock 622.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 High Rock 217,044 0 -15 -175 0 0 0 0
Tuckertown 564.0 0.0 0.0 -0.4 0.0 0.0 0.0 0.0 Tuckertown 40,563 0 -21 -834 0 0 0 0

Narrows 508.8 0.0 -0.3 -0.1 0.0 0.0 0.0 0.0 Narrows 136,867 0 -1,194 -203 0 0 0 0
Falls 330.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Falls 1,942 0 -3 -2 0 0 0 0

Tillery 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Tillery 132,569 -3 -3 0 1 1 1 -2
Blewett 176.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Blewett 26,481 -36 18 14 -43 -43 -43 -27

Total 596,616 -39 -1,219 -1,198 -42 -42 -42 -29

Average 
Elevation 

(feet)

Average 
Storage 
(million 
gallons)

Base 
(UC2050_2

012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_2

012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
W. Kerr Scott 1030.0 0 0 0 0 0 0 0 W. Kerr Scott 13,409 0 0 0 0 0 0 0

High Rock 622.1 0 0 0 0 0 0 0 High Rock 70,724 0 -5 -57 0 0 0 0
Tuckertown 564.0 0 0 -5 0 0 0 0 Tuckertown 13,217 0 -7 -272 0 0 0 0

Narrows 508.8 0 -4 -1 0 0 0 0 Narrows 44,598 0 -389 -66 0 0 0 0
Falls 330.2 0 0 0 0 0 0 0 Falls 633 0 -1 -1 0 0 0 0

Tillery 278.0 0 0 0 0 0 0 0 Tillery 43,198 -1 -1 0 0 0 0 -1
Blewett 176.6 0 0 0 0 0 0 0 Blewett 8,629 -12 6 5 -14 -14 -14 -9

Total 194,408 -13 -397 -390 -14 -14 -14 -9

Reservoir

Drought 1 (1999-2003) Average Elevation (feet)

Reservoir

Drought 1 (1999-2003) Average Storage (acre-feet)

Reservoir

Difference (feet) from BASE (UC2050_2012), Drought 1 (1999-2003)

Reservoir

Difference (acre-feet) from BASE (UC2050_2012), Drought 1 (1999-2003)

Reservoir

Difference (in) from BASE (UC2050_2012), Drought 1 (1999-2003)

Reservoir

Difference (million gallons) from BASE (UC2050_2012), Drought 1 (1999-2003)



Plant‐specific Tables

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(UC2050_2
012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_2

012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
Jan 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 41,222 0 0 0 0 0 0 0
Feb 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 41,197 0 0 0 0 0 0 0
Mar 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 41,305 0 0 0 0 0 0 0
Apr 1030.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 41,409 0 0 0 0 0 0 0
May 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 41,223 0 0 0 0 0 0 0
Jun 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 41,251 0 0 0 0 0 0 0
Jul 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jul 41,251 0 0 0 0 0 0 0
Aug 1029.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Aug 40,863 0 0 0 0 0 0 0
Sep 1029.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Sep 40,525 0 0 0 0 0 0 0
Oct 1030.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Oct 41,034 0 0 0 0 0 0 0
Nov 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Nov 41,308 0 0 0 0 0 0 0
Dec 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dec 41,224 0 0 0 0 0 0 0

Total - 0 0 0 0 0 0 0

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(UC2050_2
012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_2

012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
Jan 623.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 228,824 0 -3 -596 0 0 0 0
Feb 623.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 227,890 0 -2 -2 0 0 0 0
Mar 623.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 230,042 0 1 1 0 0 0 0
Apr 623.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 229,827 0 -14 -14 0 0 0 0
May 622.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 219,015 0 -54 -54 0 0 0 0
Jun 621.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 212,441 0 -41 -48 0 0 0 0
Jul 621.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jul 207,792 0 -6 -10 0 0 0 0
Aug 620.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Aug 198,857 0 -13 -55 0 0 0 0
Sep 619.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Sep 195,163 0 -17 -132 0 0 0 0
Oct 621.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Oct 211,568 0 -13 -247 0 0 0 0
Nov 622.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Nov 219,790 0 -7 -274 0 0 0 0
Dec 622.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dec 223,964 0 -8 -639 0 0 0 0

Total - 0 -178 -2,071 0 0 0 0

Month

W. Kerr Scott Difference (feet) from BASE (UC2050_2012), Drought 1 (1999-
2003)

Month

W. Kerr Scott Difference (acre-feet) from BASE (UC2050_2012), Drought 1 
(1999-2003)

Month

High Rock Difference (feet) from BASE (UC2050_2012), Drought 1 (1999-
2003)

Month

High Rock Difference (acre-feet) from BASE (UC2050_2012), Drought 1 (1999-
2003)



Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(UC2050_2
012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_2

012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
Jan 564.1 0.0 0.0 -0.2 0.0 0.0 0.0 0.0 Jan 40,747 0 1 -351 0 0 0 0
Feb 564.2 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 Feb 41,058 0 0 -152 0 0 0 0
Mar 564.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 41,115 0 0 -73 0 0 0 0
Apr 564.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 41,158 0 -1 -79 0 0 0 0
May 564.1 0.0 0.0 -0.3 0.0 0.0 0.0 0.0 May 40,683 0 0 -583 0 0 0 0
Jun 564.1 0.0 0.0 -0.4 0.0 0.0 0.0 0.0 Jun 40,698 0 -53 -813 0 0 0 0
Jul 564.1 0.0 0.0 -0.3 0.0 0.0 0.0 0.0 Jul 40,651 0 -53 -691 0 0 0 0
Aug 563.9 0.0 0.0 -0.6 0.0 0.0 0.0 0.0 Aug 40,277 0 -51 -1,317 0 0 0 0
Sep 563.7 0.0 0.0 -0.9 0.0 0.0 0.0 0.0 Sep 39,810 0 -49 -1,903 0 0 0 0
Oct 563.7 0.0 0.0 -0.9 0.0 0.0 0.0 0.0 Oct 39,828 0 -48 -1,905 0 0 0 0
Nov 564.0 0.0 0.0 -0.5 0.0 0.0 0.0 0.0 Nov 40,423 0 0 -1,135 0 0 0 0
Dec 563.9 0.0 0.0 -0.4 0.0 0.0 0.0 0.0 Dec 40,344 0 0 -960 0 0 0 0

Total - 0 -254 -9,964 0 0 0 0

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(UC2050_2
012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_2

012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
Jan 508.8 0.0 -0.2 0.0 0.0 0.0 0.0 0.0 Jan 137,215 0 -988 -38 0 0 0 0
Feb 508.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 137,773 0 -166 -13 0 0 0 0
Mar 509.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 138,100 0 -97 -25 0 0 0 0
Apr 509.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 138,384 0 -85 -5 0 0 0 0
May 508.8 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 May 137,219 0 -630 -39 0 0 0 0
Jun 508.8 0.0 -0.2 -0.1 0.0 0.0 0.0 0.0 Jun 136,974 0 -1,100 -319 0 0 0 0
Jul 508.8 0.0 -0.2 -0.1 0.0 0.0 0.0 0.0 Jul 136,943 0 -1,022 -366 0 0 0 0
Aug 508.6 0.0 -0.3 -0.1 0.0 0.0 0.0 0.0 Aug 136,181 0 -1,777 -445 0 0 0 0
Sep 508.5 0.0 -0.5 -0.1 0.0 0.0 0.0 0.0 Sep 135,303 0 -2,474 -451 0 0 0 0
Oct 508.4 0.0 -0.5 -0.1 0.0 0.0 0.0 0.0 Oct 134,904 0 -2,562 -405 0 0 0 0
Nov 508.7 0.0 -0.3 -0.1 0.0 0.0 0.0 0.0 Nov 136,528 0 -1,744 -306 0 0 0 0
Dec 508.8 0.0 -0.3 0.0 0.0 0.0 0.0 0.0 Dec 136,941 0 -1,615 -9 0 0 0 0

Total - 0 -14,260 -2,422 0 0 0 0

Month

Tuckertown Difference (feet) from BASE (UC2050_2012), Drought 1 (1999-
2003)

Month

Tuckertown Difference (acre-feet) from BASE (UC2050_2012), Drought 1 
(1999-2003)

Month

Narrows Difference (feet) from BASE (UC2050_2012), Drought 1 (1999-2003)

Month

Narrows Difference (acre-feet) from BASE (UC2050_2012), Drought 1 (1999-
2003)



Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(UC2050_2
012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_2

012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
Jan 330.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 2,011 0 0 0 0 0 0 0
Feb 330.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 1,957 0 -1 2 0 0 0 0
Mar 330.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 2,064 0 -4 -3 0 0 0 0
Apr 330.9 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 Apr 2,076 0 -10 -7 0 0 0 0
May 330.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 1,960 0 0 -1 0 0 0 0
Jun 330.2 0.0 -0.1 -0.1 0.0 0.0 0.0 0.0 Jun 1,942 0 -13 -10 0 0 0 0
Jul 330.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jul 1,922 0 -7 1 0 0 0 0
Aug 329.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Aug 1,848 0 -4 -4 0 0 0 0
Sep 329.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Sep 1,841 0 1 1 0 0 0 0
Oct 329.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Oct 1,811 0 -9 -7 0 0 0 0
Nov 330.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Nov 1,900 0 -3 0 0 0 0 0
Dec 330.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dec 1,974 0 8 9 0 0 0 0

Total - 0 -42 -20 0 0 0 0

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(UC2050_2
012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_2

012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
Jan 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 132,806 -1 -2 -2 0 0 0 -1
Feb 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 132,810 0 0 0 5 5 5 1
Mar 277.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 132,317 -2 -1 -1 1 1 1 -1
Apr 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 132,343 -17 -1 -2 1 1 1 -14
May 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 132,419 -22 -39 -2 1 1 1 -19
Jun 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 132,589 3 3 3 3 3 3 3
Jul 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jul 132,558 0 1 0 0 0 0 1
Aug 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Aug 132,614 -1 -1 0 1 1 1 0
Sep 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Sep 132,606 0 0 0 0 0 0 0
Oct 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Oct 132,581 0 0 0 0 0 0 0
Nov 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Nov 132,571 3 2 3 1 1 1 3
Dec 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dec 132,632 1 1 3 0 0 0 0

Total - -35 -37 2 13 13 13 -27

Month

Falls Difference (feet) from BASE (UC2050_2012), Drought 1 (1999-2003)

Month

Falls Difference (acre-feet) from BASE (UC2050_2012), Drought 1 (1999-2003)

Month

Tillery Difference (feet) from BASE (UC2050_2012), Drought 1 (1999-2003)

Month

Tillery Difference (acre-feet) from BASE (UC2050_2012), Drought 1 (1999-
2003)



Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(UC2050_2
012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_2

012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
Jan 176.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 25,491 -2 1 2 -1 -1 -1 -2
Feb 176.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 25,610 -2 -33 -37 -4 -4 -4 -3
Mar 176.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 26,727 1 9 10 -6 -6 -6 102
Apr 176.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 26,996 90 84 84 -8 -8 -8 91
May 176.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 26,072 -3 6 4 -4 -4 -4 -3
Jun 176.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 26,478 -56 20 -24 -51 -51 -51 -55
Jul 177.0 -0.1 0.0 0.0 -0.1 -0.1 -0.1 -0.1 Jul 27,474 -193 75 77 -189 -189 -189 -191
Aug 176.7 -0.1 0.0 0.0 -0.1 -0.1 -0.1 -0.1 Aug 26,783 -220 61 60 -215 -215 -215 -215
Sep 176.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Sep 27,164 -20 -8 -8 -17 -17 -17 -19
Oct 176.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Oct 25,174 -11 5 5 -13 -13 -13 -13
Nov 176.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Nov 26,700 -1 -2 -2 -2 -2 -2 -2
Dec 176.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dec 27,081 -3 -5 -3 -3 -3 -3 -2

Total - -421 212 166 -513 -513 -513 -312

Average 
Storage 

(acre-feet)
Base 

(UC2050_2
012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
Jan 25,827 -4 -991 -985 -1 -1 -1 -3
Feb 25,989 -2 -202 -203 1 1 1 -2
Mar 26,101 -1 -91 -92 -5 -5 -5 101
Apr 26,449 72 -27 -23 -7 -7 -7 77
May 26,540 -25 -717 -675 -3 -3 -3 -23
Jun 26,426 -52 -1,183 -1,211 -48 -48 -48 -52
Jul 26,694 -193 -1,013 -990 -189 -189 -189 -190
Aug 26,534 -221 -1,785 -1,761 -215 -215 -215 -215
Sep 26,400 -20 -2,547 -2,493 -17 -17 -17 -19
Oct 26,383 -11 -2,627 -2,560 -13 -13 -13 -13
Nov 26,648 2 -1,755 -1,715 0 0 0 2
Dec 26,152 -2 -1,620 -1,599 -3 -3 -3 -2

Total - -456 -14,558 -14,309 -499 -499 -499 -339

Month

Total System Difference (acre-feet) from BASE (UC2050_2012)

Month

Blewett Difference (feet) from BASE (UC2050_2012), Drought 1 (1999-2003)

Month

Blewett Difference (acre-feet) from BASE (UC2050_2012), Drought 1 (1999-
2003)
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Reservoir 

Yadkin-Pee Dee Reservoirs - Average Storage Comparison 
for years 1999-2003 

Base (UC2050_2012)
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Alternative 

W. Kerr Scott Reservoir - Average Storage Comparison 
for years 1999-2003 

W. Kerr Scott
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Alternative 

High Rock Lake - Average Storage Comparison 
for years 1999-2003 
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Alternative 

Tuckertown Reservoir - Average Storage Comparison 
for years 1999-2003 

Tuckertown
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Alternative 

Narrows Reservoir - Average Storage Comparison 
for years 1999-2003 

Narrows
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Alternative 

Falls Reservoir - Average Storage Comparison 
for years 1999-2003 

Falls
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Alternative 

Lake Tillery - Average Storage Comparison 
for years 1999-2003 

Tillery
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Alternative 

Blewett Falls Lake - Average Storage Comparison 
for years 1999-2003 

Blewett
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Alternative 

Total System - Average Storage Comparison 
for years 1999-2003 

Total
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Total System - Difference in Average Monthly Storage from Base (2012) 
for years 1999-2003 

ALT 1 (UC2050_2012)

ALT 2A (UC2050_2012)
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2012 Basin Water Use with 
Union County 2050 Demand 

Elevation & Storage 
Comparisons 

Drought 2 (2006-2009) 
 

 
 

  

 



Annual Averages

Base 
(UC2050_2

012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_2

012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
W. Kerr Scott 1030.1 1030.1 1030.1 1030.1 1030.1 1030.1 1030.1 1030.1 W. Kerr Scott 41,191 41,191 41,191 41,191 41,191 41,191 41,191 41,191

High Rock 622.9 622.9 622.9 622.9 622.9 622.9 622.9 622.9 High Rock 225,992 225,992 225,982 225,922 225,992 225,992 225,992 225,992
Tuckertown 564.2 564.2 564.2 564.0 564.2 564.2 564.2 564.2 Tuckertown 40,870 40,870 40,870 40,463 40,870 40,870 40,870 40,870

Narrows 508.8 508.8 508.7 508.8 508.8 508.8 508.8 508.8 Narrows 137,235 137,235 136,668 137,132 137,235 137,235 137,235 137,235
Falls 330.4 330.4 330.3 330.3 330.4 330.4 330.4 330.4 Falls 1,972 1,972 1,961 1,963 1,972 1,972 1,972 1,972

Tillery 278.0 278.0 278.0 278.0 278.0 278.0 278.0 278.0 Tillery 132,572 132,572 132,573 132,573 132,573 132,573 132,573 132,573
Blewett 176.5 176.5 176.5 176.5 176.5 176.5 176.5 176.5 Blewett 26,239 26,222 26,342 26,342 26,224 26,224 26,224 26,223

Total 606,071 606,053 605,586 605,586 606,057 606,057 606,057 606,055

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(UC2050_2
012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_2

012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
W. Kerr Scott 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 W. Kerr Scott 41,191 0 0 0 0 0 0 0

High Rock 622.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 High Rock 225,992 0 -10 -70 0 0 0 0
Tuckertown 564.2 0.0 0.0 -0.2 0.0 0.0 0.0 0.0 Tuckertown 40,870 0 0 -407 0 0 0 0

Narrows 508.8 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 Narrows 137,235 0 -568 -103 0 0 0 0
Falls 330.4 0.0 -0.1 -0.1 0.0 0.0 0.0 0.0 Falls 1,972 0 -11 -8 0 0 0 0

Tillery 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Tillery 132,572 -1 1 1 1 1 1 0
Blewett 176.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Blewett 26,239 -17 102 103 -15 -15 -15 -16

Total 606,071 -18 -485 -485 -14 -14 -14 -16

Average 
Elevation 

(feet)

Average 
Storage 
(million 
gallons)

Base 
(UC2050_2

012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_2

012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
W. Kerr Scott 1030.1 0 0 0 0 0 0 0 W. Kerr Scott 41,191 0 0 0 0 0 0 0

High Rock 622.9 0 0 0 0 0 0 0 High Rock 225,992 0 -3 -23 0 0 0 0
Tuckertown 564.2 0 0 -2 0 0 0 0 Tuckertown 40,870 0 0 -133 0 0 0 0

Narrows 508.8 0 -1 0 0 0 0 0 Narrows 137,235 0 -185 -34 0 0 0 0
Falls 330.4 0 -1 -1 0 0 0 0 Falls 1,972 0 -3 -3 0 0 0 0

Tillery 278.0 0 0 0 0 0 0 0 Tillery 132,572 0 0 0 0 0 0 0
Blewett 176.5 0 0 0 0 0 0 0 Blewett 26,239 -6 33 33 -5 -5 -5 -5

Total 606,071 -6 -158 -158 -5 -5 -5 -5

Reservoir

Drought 2 (2006-2009) Average Elevation (feet)

Reservoir

Drought 2 (2006-2009) Average Storage (acre-feet)

Reservoir

Difference (feet) from BASE (UC2050_2012), Drought 2 (2006-2009)

Reservoir

Difference (acre-feet) from BASE (UC2050_2012), Drought 2 (2006-2009)

Reservoir

Difference (in) from BASE (UC2050_2012), Drought 2 (2006-2009)

Reservoir

Difference (million gallons) from BASE (UC2050_2012), Drought 2 (2006-2009)



Plant‐specific Tables

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(UC2050_2
012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_2

012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
Jan 1030.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 41,388 0 0 0 0 0 0 0
Feb 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 41,202 0 0 0 0 0 0 0
Mar 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 41,273 0 0 0 0 0 0 0
Apr 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 41,272 0 0 0 0 0 0 0
May 1030.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 41,362 0 0 0 0 0 0 0
Jun 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 41,187 0 0 0 0 0 0 0
Jul 1030.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jul 41,019 0 0 0 0 0 0 0
Aug 1029.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Aug 40,687 0 0 0 0 0 0 0
Sep 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Sep 41,169 0 0 0 0 0 0 0
Oct 1030.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Oct 41,080 0 0 0 0 0 0 0
Nov 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Nov 41,233 0 0 0 0 0 0 0
Dec 1030.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dec 41,419 0 0 0 0 0 0 0

Total - 0 0 0 0 0 0 0

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(UC2050_2
012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_2

012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
Jan 623.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 231,521 0 0 0 0 0 0 0
Feb 623.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 228,089 0 2 2 0 0 0 0
Mar 623.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 230,706 0 -1 -1 0 0 0 0
Apr 623.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 230,283 0 2 6 0 0 0 0
May 623.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 227,842 0 22 23 0 0 0 0
Jun 623.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 227,969 0 -9 -6 0 0 0 0
Jul 622.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jul 222,782 0 -17 -32 0 0 0 0
Aug 622.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Aug 214,212 0 -22 -376 0 0 0 0
Sep 622.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Sep 219,346 0 -20 -94 0 0 0 0
Oct 622.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Oct 219,306 0 -10 -289 0 0 0 0
Nov 623.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Nov 229,353 0 -42 -45 0 0 0 0
Dec 623.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dec 230,749 0 -22 -22 0 0 0 0

Total - 0 -118 -834 0 0 0 0

Month

W. Kerr Scott Difference (feet) from BASE (UC2050_2012), Drought 2 (2006-
2009)

Month

W. Kerr Scott Difference (acre-feet) from BASE (UC2050_2012), Drought 2 
(2006-2009)

Month

High Rock Difference (feet) from BASE (UC2050_2012), Drought 2 (2006-
2009)

Month

High Rock Difference (acre-feet) from BASE (UC2050_2012), Drought 2 (2006-
2009)



Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(UC2050_2
012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_2

012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
Jan 564.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 41,215 0 0 -18 0 0 0 0
Feb 564.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 40,937 0 0 -58 0 0 0 0
Mar 564.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 41,221 0 0 -17 0 0 0 0
Apr 564.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 41,117 0 0 -38 0 0 0 0
May 564.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 41,013 0 0 -74 0 0 0 0
Jun 564.2 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 Jun 40,895 0 0 -189 0 0 0 0
Jul 564.0 0.0 0.0 -0.3 0.0 0.0 0.0 0.0 Jul 40,489 0 0 -661 0 0 0 0
Aug 564.0 0.0 0.0 -0.2 0.0 0.0 0.0 0.0 Aug 40,596 0 0 -490 0 0 0 0
Sep 564.0 0.0 0.0 -0.3 0.0 0.0 0.0 0.0 Sep 40,494 0 0 -743 0 0 0 0
Oct 563.9 0.0 0.0 -0.4 0.0 0.0 0.0 0.0 Oct 40,337 0 0 -839 0 0 0 0
Nov 564.2 0.0 0.0 -0.5 0.0 0.0 0.0 0.0 Nov 41,029 0 -1 -1,047 0 0 0 0
Dec 564.3 0.0 0.0 -0.3 0.0 0.0 0.0 0.0 Dec 41,100 0 0 -687 0 0 0 0

Total - 0 -1 -4,862 0 0 0 0

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(UC2050_2
012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_2

012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
Jan 509.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 138,474 0 21 35 0 0 0 0
Feb 508.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 137,196 0 -62 -4 0 0 0 0
Mar 509.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 138,228 0 -26 -8 0 0 0 0
Apr 509.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 138,142 0 -37 -2 0 0 0 0
May 508.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 137,356 0 -58 -7 0 0 0 0
Jun 508.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 137,770 0 -208 -18 0 0 0 0
Jul 508.6 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 Jul 136,241 0 -662 -1 0 0 0 0
Aug 508.6 0.0 -0.2 0.0 0.0 0.0 0.0 0.0 Aug 136,202 0 -981 -147 0 0 0 0
Sep 508.6 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 Sep 136,242 0 -753 -8 0 0 0 0
Oct 508.6 0.0 -0.2 0.0 0.0 0.0 0.0 0.0 Oct 135,950 0 -1,170 -24 0 0 0 0
Nov 508.8 0.0 -0.3 -0.1 0.0 0.0 0.0 0.0 Nov 137,125 0 -1,470 -388 0 0 0 0
Dec 509.0 0.0 -0.3 -0.1 0.0 0.0 0.0 0.0 Dec 137,900 0 -1,367 -656 0 0 0 0

Total - 0 -6,773 -1,229 0 0 0 0

Month

Tuckertown Difference (feet) from BASE (UC2050_2012), Drought 2 (2006-
2009)

Month

Tuckertown Difference (acre-feet) from BASE (UC2050_2012), Drought 2 
(2006-2009)

Month

Narrows Difference (feet) from BASE (UC2050_2012), Drought 2 (2006-2009)

Month

Narrows Difference (acre-feet) from BASE (UC2050_2012), Drought 2 (2006-
2009)



Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(UC2050_2
012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_2

012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
Jan 331.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 2,102 0 -4 -6 0 0 0 0
Feb 330.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 1,951 0 -5 -5 0 0 0 0
Mar 331.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 2,083 0 -2 -2 0 0 0 0
Apr 330.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 2,065 0 4 4 0 0 0 0
May 330.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 2,014 0 -8 -6 0 0 0 0
Jun 330.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 1,986 0 -4 0 0 0 0 0
Jul 329.9 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 Jul 1,877 0 -7 -10 0 0 0 0
Aug 329.7 0.0 -0.2 -0.1 0.0 0.0 0.0 0.0 Aug 1,839 0 -32 -12 0 0 0 0
Sep 329.7 0.0 -0.1 -0.1 0.0 0.0 0.0 0.0 Sep 1,840 0 -9 -10 0 0 0 0
Oct 329.8 0.0 -0.1 -0.1 0.0 0.0 0.0 0.0 Oct 1,854 0 -22 -19 0 0 0 0
Nov 330.4 0.0 -0.1 -0.1 0.0 0.0 0.0 0.0 Nov 1,975 0 -16 -15 0 0 0 0
Dec 330.9 0.0 -0.1 -0.1 0.0 0.0 0.0 0.0 Dec 2,070 0 -21 -19 0 0 0 0

Total - 0 -125 -96 0 0 0 0

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(UC2050_2
012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_2

012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
Jan 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 132,785 0 4 4 4 4 4 2
Feb 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 132,739 0 0 0 0 0 0 0
Mar 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 132,572 1 2 2 3 3 3 2
Apr 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 132,603 -6 -1 0 0 0 0 -3
May 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 132,518 -6 -1 -1 0 0 0 -4
Jun 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 132,400 1 2 1 4 4 4 2
Jul 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jul 132,597 0 0 0 0 0 0 0
Aug 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Aug 132,547 0 0 0 0 0 0 0
Sep 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Sep 132,558 0 0 0 0 0 0 0
Oct 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Oct 132,572 0 0 0 0 0 0 0
Nov 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Nov 132,441 0 0 0 0 0 0 0
Dec 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dec 132,543 2 2 2 1 1 1 2

Total - -8 7 8 12 12 12 2

Month

Falls Difference (feet) from BASE (UC2050_2012), Drought 2 (2006-2009)

Month

Falls Difference (acre-feet) from BASE (UC2050_2012), Drought 2 (2006-2009)

Month

Tillery Difference (feet) from BASE (UC2050_2012), Drought 2 (2006-2009)

Month

Tillery Difference (acre-feet) from BASE (UC2050_2012), Drought 2 (2006-
2009)



Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(UC2050_2
012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)

Base 
(UC2050_2

012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
Jan 175.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 24,642 -6 -17 -13 -5 -5 -5 -6
Feb 176.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 26,372 -19 -4 -3 -2 -2 -2 -18
Mar 176.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 25,821 -7 -9 -9 -7 -7 -7 -9
Apr 176.1 0.0 0.1 0.1 0.0 0.0 0.0 0.0 Apr 25,292 -1 221 220 -1 -1 -1 0
May 176.4 0.0 0.4 0.4 0.0 0.0 0.0 0.0 May 25,849 -3 968 969 -4 -4 -4 -3
Jun 176.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 26,434 -5 -12 -6 -4 -4 -4 -4
Jul 176.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jul 27,095 -9 -1 -1 -9 -9 -9 -9
Aug 176.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Aug 27,009 -74 21 18 -76 -76 -76 -74
Sep 176.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Sep 26,976 -61 34 34 -60 -60 -60 -61
Oct 176.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Oct 27,157 -4 3 3 -4 -4 -4 -5
Nov 176.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Nov 26,604 -5 9 10 -5 -5 -5 -3
Dec 176.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dec 25,637 -9 -1 -3 -6 -6 -6 -4

Total - -203 1,214 1,218 -182 -182 -182 -196

Average 
Storage 

(acre-feet)
Base 

(UC2050_2
012)

ALT 1 
(UC2050_

2012)

ALT 2A 
(UC2050_

2012)

ALT 2B 
(UC2050_

2012)

ALT 3 
(UC2050_

2012)

ALT 4 
(UC2050_

2012)

ALT 5 
(UC2050_

2012)

ALT 11 
(UC2050_

2012)
Jan 25,827 -5 3 3 -1 -1 -1 -4
Feb 25,989 -19 -69 -68 -2 -2 -2 -18
Mar 26,101 -6 -35 -34 -4 -4 -4 -7
Apr 26,449 -7 189 190 -1 -1 -1 -3
May 26,540 -9 923 904 -4 -4 -4 -7
Jun 26,426 -4 -231 -219 0 0 0 -2
Jul 26,694 -9 -687 -706 -9 -9 -9 -9
Aug 26,534 -74 -1,014 -1,007 -76 -76 -76 -74
Sep 26,400 -61 -749 -820 -60 -60 -60 -61
Oct 26,383 -4 -1,200 -1,168 -4 -4 -4 -5
Nov 26,648 -5 -1,519 -1,486 -5 -5 -5 -3
Dec 26,152 -7 -1,408 -1,385 -5 -5 -5 -2

Total - -211 -5,796 -5,795 -170 -170 -170 -194

Month

Total System Difference (acre-feet) from BASE (UC2050_2012)

Month

Blewett Difference (feet) from BASE (UC2050_2012), Drought 2 (2006-2009)

Month

Blewett Difference (acre-feet) from BASE (UC2050_2012), Drought 2 (2006-
2009)
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Reservoir 

Yadkin-Pee Dee Reservoirs - Average Storage Comparison 
for years 2006-2009 

Base (UC2050_2012)
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Alternative 

W. Kerr Scott Reservoir - Average Storage Comparison 
for years 2006-2009 

W. Kerr Scott
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Alternative 

High Rock Lake - Average Storage Comparison 
for years 2006-2009 
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Alternative 

Tuckertown Reservoir - Average Storage Comparison 
for years 2006-2009 

Tuckertown
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Alternative 

Narrows Reservoir - Average Storage Comparison 
for years 2006-2009 

Narrows
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Alternative 

Falls Reservoir - Average Storage Comparison 
for years 2006-2009 

Falls
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Alternative 

Lake Tillery - Average Storage Comparison 
for years 2006-2009 

Tillery
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Alternative 

Blewett Falls Lake - Average Storage Comparison 
for years 2006-2009 

Blewett
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Alternative 

Total System - Average Storage Comparison 
for years 2006-2009 

Total
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Total System - Difference in Average Monthly Storage from Base (2012) 
for years 2006-2009 
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J-1 
2050 Basin Water Use with 
Union County 2050 Demand 

Elevation & Storage 
Comparisons 

Period of Record 
 

 
 

  

  



Annual Averages

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

W. Kerr Scott 1030.1 1030.1 1030.1 1030.1 1030.1 1030.1 1030.1 1030.1 W. Kerr Scott 41,368 41,368 41,368 41,368 41,368 41,368 41,368 41,368
High Rock 623.2 623.2 623.2 623.2 623.2 623.2 623.2 623.2 High Rock 229,228 229,228 229,206 229,160 229,228 229,228 229,228 229,228
Tuckertown 564.2 564.2 564.2 564.2 564.2 564.2 564.2 564.2 Tuckertown 41,010 41,010 41,007 40,888 41,010 41,010 41,010 41,010

Narrows 509.0 509.0 508.9 509.0 509.0 509.0 509.0 509.0 Narrows 137,997 137,997 137,762 137,929 137,997 137,997 137,997 137,997
Falls 330.9 330.9 330.9 330.9 330.9 330.9 330.9 330.9 Falls 2,067 2,067 2,065 2,065 2,067 2,067 2,067 2,067
Tillery 278.0 278.0 278.0 278.0 278.0 278.0 278.0 278.0 Tillery 132,577 132,567 132,576 132,577 132,569 132,569 132,569 132,568

Blewett 176.5 176.5 176.5 176.5 176.5 176.5 176.5 176.5 Blewett 26,347 26,321 26,334 26,336 26,319 26,319 26,319 26,321
Total 610,594 610,559 610,319 610,322 610,558 610,558 610,558 610,560

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(2050)
ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

W. Kerr Scott 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 W. Kerr Scott 41,368 0 0 0 0 0 0 0
High Rock 623.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 High Rock 229,228 0 -22 -68 0 0 0 0
Tuckertown 564.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Tuckertown 41,010 0 -3 -123 0 0 0 0

Narrows 509.0 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 Narrows 137,997 0 -234 -68 0 0 0 0
Falls 330.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Falls 2,067 0 -2 -2 0 0 0 0
Tillery 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Tillery 132,577 -9 0 0 -8 -8 -8 -9

Blewett 176.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Blewett 26,347 -25 -13 -11 -28 -28 -28 -25
Total 610,594 -35 -275 -272 -36 -36 -36 -34

Average 
Elevation 

(feet)

Average 
Storage 
(million 
gallons)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

W. Kerr Scott 1030.1 0 0 0 0 0 0 0 W. Kerr Scott 13,480 0 0 0 0 0 0 0
High Rock 623.2 0 0 0 0 0 0 0 High Rock 74,694 0 -7 -22 0 0 0 0
Tuckertown 564.2 0 0 0 0 0 0 0 Tuckertown 13,363 0 -1 -40 0 0 0 0

Narrows 509.0 0 -1 0 0 0 0 0 Narrows 44,966 0 -76 -22 0 0 0 0
Falls 330.9 0 0 0 0 0 0 0 Falls 674 0 -1 -1 0 0 0 0
Tillery 278.0 0 0 0 0 0 0 0 Tillery 43,200 -3 0 0 -3 -3 -3 -3

Blewett 176.5 0 0 0 0 0 0 0 Blewett 8,585 -8 -4 -4 -9 -9 -9 -8
Total 198,963 -11 -90 -89 -12 -12 -12 -11

Reservoir

Average Elevation (feet)

Reservoir

Average Storage (acre-feet)

Reservoir
Difference (feet) from BASE (2050)

Reservoir
Difference (acre-feet) from BASE (2050)

Reservoir
Difference (in) from BASE (2050)

Reservoir
Difference (million gallons) from BASE (2050)



Plant‐specific Tables

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Jan 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 41,298 0 0 0 0 0 0 0
Feb 1030.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 41,535 0 0 0 0 0 0 0
Mar 1030.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 41,663 0 0 0 0 0 0 0
Apr 1030.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 41,444 0 0 0 0 0 0 0
May 1030.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 41,448 0 0 0 0 0 0 0
Jun 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 41,259 0 0 0 0 0 0 0
Jul 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jul 41,325 0 0 0 0 0 0 0
Aug 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Aug 41,347 0 0 0 0 0 0 0
Sep 1030.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Sep 41,162 0 0 0 0 0 0 0
Oct 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Oct 41,264 0 0 0 0 0 0 0
Nov 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Nov 41,344 0 0 0 0 0 0 0
Dec 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dec 41,332 0 0 0 0 0 0 0

Total - 0 0 0 0 0 0 0

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Jan 623.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 232,192 0 -5 -82 0 0 0 0
Feb 623.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 232,457 0 -2 -2 0 0 0 0
Mar 623.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 233,330 0 0 0 0 0 0 0
Apr 623.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 232,698 0 -1 -1 0 0 0 0
May 623.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 230,061 0 -4 -2 0 0 0 0
Jun 623.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 228,981 0 -10 -23 0 0 0 0
Jul 623.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jul 226,769 0 -33 -40 0 0 0 0
Aug 622.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Aug 224,781 0 -98 -123 0 0 0 0
Sep 622.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Sep 224,399 0 -62 -93 0 0 0 0
Oct 622.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Oct 226,255 0 -23 -95 0 0 0 0
Nov 623.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Nov 228,536 0 -12 -171 0 0 0 0
Dec 623.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dec 230,497 0 -12 -183 0 0 0 0

Total - 0 -262 -815 0 0 0 0

Month
W. Kerr Scott Difference (feet) from BASE (2050)

Month
W. Kerr Scott Difference (acre-feet) from BASE (2050)

Month
High Rock Difference (feet) from BASE (2050)

Month
High Rock Difference (acre-feet) from BASE (2050)



Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Jan 564.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 41,194 0 -2 -20 0 0 0 0
Feb 564.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 41,220 0 3 -23 0 0 0 0
Mar 564.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 41,255 0 2 -13 0 0 0 0
Apr 564.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 41,198 0 0 -27 0 0 0 0
May 564.2 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 May 41,056 0 -1 -113 0 0 0 0
Jun 564.2 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 Jun 41,026 0 0 -108 0 0 0 0
Jul 564.2 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 Jul 40,905 0 18 -159 0 0 0 0
Aug 564.2 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 Aug 40,885 0 2 -220 0 0 0 0
Sep 564.1 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 Sep 40,765 0 -6 -294 0 0 0 0
Oct 564.1 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 Oct 40,760 0 -35 -288 0 0 0 0
Nov 564.2 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 Nov 40,887 0 -15 -124 0 0 0 0
Dec 564.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dec 40,986 0 -1 -75 0 0 0 0

Total - 0 -35 -1,464 0 0 0 0

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Jan 509.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 138,715 0 -104 -12 0 0 0 0
Feb 509.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 138,999 0 -39 -13 0 0 0 0
Mar 509.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 139,303 0 -25 -11 0 0 0 0
Apr 509.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 139,003 0 -39 -16 0 0 0 0
May 509.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 138,179 0 -132 -29 0 0 0 0
Jun 509.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 137,974 0 -192 -72 0 0 0 0
Jul 508.9 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 Jul 137,385 0 -272 -86 0 0 0 0
Aug 508.8 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 Aug 137,152 0 -349 -100 0 0 0 0
Sep 508.8 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 Sep 136,990 0 -435 -106 0 0 0 0
Oct 508.8 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 Oct 136,998 0 -470 -143 0 0 0 0
Nov 508.9 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 Nov 137,316 0 -417 -146 0 0 0 0
Dec 509.0 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 Dec 138,015 0 -326 -79 0 0 0 0

Total - 0 -2,800 -812 0 0 0 0

Month
Tuckertown Difference (feet) from BASE (2050)

Month
Tuckertown Difference (acre-feet) from BASE (2050)

Month
Narrows Difference (feet) from BASE (2050)

Month
Narrows Difference (acre-feet) from BASE (2050)



Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(2050)
ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Jan 331.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 2,138 0 -2 -1 0 0 0 0
Feb 331.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 2,152 0 -2 -3 0 0 0 0
Mar 331.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 2,192 0 -4 -3 0 0 0 0
Apr 331.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 2,168 0 4 4 0 0 0 0
May 331.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 2,106 0 0 -1 0 0 0 0
Jun 330.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 2,056 0 -1 -1 0 0 0 0
Jul 330.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jul 1,999 0 -5 -4 0 0 0 0
Aug 330.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Aug 1,966 0 -6 -6 0 0 0 0
Sep 330.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Sep 1,960 0 -4 -4 0 0 0 0
Oct 330.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Oct 1,977 0 -1 -1 0 0 0 0
Nov 330.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Nov 2,009 0 -1 0 0 0 0 0
Dec 331.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dec 2,089 0 -2 -3 0 0 0 0

Total - 0 -24 -23 0 0 0 0

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(2050)
ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Jan 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 132,742 -1 0 -1 0 0 0 0
Feb 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 132,747 0 0 0 0 0 0 0
Mar 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 132,513 -2 -1 0 0 0 0 0
Apr 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 132,451 -4 0 1 0 0 0 -2
May 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 132,483 -5 -5 0 1 1 1 -4
Jun 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 132,536 0 1 0 0 0 0 -1
Jul 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jul 132,575 -7 0 0 -6 -6 -6 -7
Aug 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Aug 132,572 -68 0 0 -67 -67 -67 -68
Sep 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Sep 132,550 -23 0 0 -22 -22 -22 -23
Oct 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Oct 132,569 -1 0 0 0 0 0 0
Nov 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Nov 132,550 0 0 0 0 0 0 0
Dec 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dec 132,640 0 0 0 0 0 0 0

Total - -111 -6 0 -94 -94 -94 -105

Month
Falls Difference (feet) from BASE (2050)

Month
Falls Difference (acre-feet) from BASE (2050)

Month
Tillery Difference (feet) from BASE (2050)

Month
Tillery Difference (acre-feet) from BASE (2050)



Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(2050)
ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Jan 176.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 25,827 1 -1 -1 -6 -6 -6 0
Feb 176.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 25,989 -7 -9 -4 -7 -7 -7 -7
Mar 176.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 26,101 -12 -13 -57 -12 -12 -12 -11
Apr 176.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 26,449 -5 -80 14 -11 -11 -11 -5
May 176.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 26,540 -10 -9 -19 -11 -11 -11 -9
Jun 176.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 26,426 -17 2 -12 -31 -31 -31 -18
Jul 176.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jul 26,694 -59 -9 -9 -61 -61 -61 -59
Aug 176.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Aug 26,534 -51 -4 -6 -51 -51 -51 -51
Sep 176.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Sep 26,400 -81 -10 -10 -78 -78 -78 -80
Oct 176.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Oct 26,383 -34 -15 -14 -34 -34 -34 -34
Nov 176.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Nov 26,648 -23 -3 -7 -23 -23 -23 -23
Dec 176.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dec 26,152 -5 -6 -6 -5 -5 -5 -5

Total - -304 -157 -130 -332 -332 -332 -302

Average 
Storage 

(acre-feet)
Base 

(2050)
ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Jan 25,827 1 -115 -117 -6 -6 -6 0
Feb 25,989 -7 -49 -44 -7 -7 -7 -8
Mar 26,101 -15 -41 -84 -12 -12 -12 -11
Apr 26,449 -9 -115 -24 -11 -11 -11 -7
May 26,540 -15 -151 -166 -10 -10 -10 -13
Jun 26,426 -17 -201 -216 -31 -31 -31 -19
Jul 26,694 -66 -301 -298 -68 -68 -68 -66
Aug 26,534 -119 -455 -454 -118 -118 -118 -118
Sep 26,400 -105 -517 -507 -100 -100 -100 -103
Oct 26,383 -35 -544 -542 -34 -34 -34 -34
Nov 26,648 -23 -447 -447 -23 -23 -23 -23
Dec 26,152 -5 -347 -345 -5 -5 -5 -5

Total - -415 -3,283 -3,246 -426 -426 -426 -407

Month
Total System Difference (acre-feet) from BASE (2050)

Month
Blewett Difference (feet) from BASE (2050)

Month
Blewett Difference (acre-feet) from BASE (2050)
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Total System - Average Storage Comparison 
for years 1953 to 2013 

Total



-600

-500

-400

-300

-200

-100

0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

St
o

ra
ge

 (
ac

re
-f

e
e

t)
 

Total System - Difference in Average Monthly Storage from Base (2050) 
for years 1953 to 2013 
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Reservoir 

Yadkin-Pee Dee Reservoirs - Average Storage Comparison 
for years 1953 to 2013 

Base (2050)

ALT 1 (2050)

ALT 2A (2050)

ALT 2B (2050)

ALT 3 (2050)

ALT 4 (2050)

ALT 5 (2050)

ALT 11 (2050)
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Alternative 

W. Kerr Scott Reservoir - Average Storage Comparison 
for years 1953 to 2013 
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Alternative 

High Rock Lake - Average Storage Comparison 
for years 1953 to 2013 

High Rock
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Alternative 

Tuckertown Reservoir - Average Storage Comparison 
for years 1953 to 2013 

Tuckertown
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Alternative 

Narrows Reservoir - Average Storage Comparison 
for years 1953 to 2013 
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Alternative 

Falls Reservoir - Average Storage Comparison 
for years 1953 to 2013 

Falls
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Alternative 

Lake Tillery - Average Storage Comparison 
for years 1953 to 2013 
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Alternative 

Blewett Falls Lake - Average Storage Comparison 
for years 1953 to 2013 

Blewett



  

  

J-2 
2050 Basin Water Use with 
Union County 2050 Demand 

Elevation & Storage 
Comparisons 

Drought 1 (1999-2003) 
 

 
 

  

  



Annual Averages

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

W. Kerr Scott 1030.0 1030.0 1030.0 1030.0 1030.0 1030.0 1030.0 1030.0 W. Kerr Scott 41,088 41,088 41,088 41,088 41,088 41,088 41,088 41,088
High Rock 622.0 622.0 622.0 621.9 622.0 622.0 622.0 622.0 High Rock 215,944 215,944 215,874 215,599 215,944 215,944 215,944 215,944
Tuckertown 563.9 563.9 563.9 563.5 563.9 563.9 563.9 563.9 Tuckertown 40,232 40,232 40,184 39,468 40,232 40,232 40,232 40,232

Narrows 508.6 508.6 508.3 508.5 508.6 508.6 508.6 508.6 Narrows 136,044 136,044 134,506 135,502 136,044 136,044 136,044 136,044
Falls 330.2 330.2 330.2 330.2 330.2 330.2 330.2 330.2 Falls 1,937 1,937 1,932 1,932 1,937 1,937 1,937 1,937
Tillery 278.0 278.0 278.0 278.0 278.0 278.0 278.0 278.0 Tillery 132,546 132,448 132,547 132,547 132,452 132,452 132,452 132,450

Blewett 176.4 176.3 176.4 176.4 176.3 176.3 176.3 176.3 Blewett 26,068 25,901 26,059 26,061 25,902 25,902 25,902 25,902

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(2050)
ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

W. Kerr Scott 1030.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 W. Kerr Scott 41,088 0 0 0 0 0 0 0
High Rock 622.0 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 High Rock 215,944 0 -70 -345 0 0 0 0
Tuckertown 563.9 0.0 0.0 -0.4 0.0 0.0 0.0 0.0 Tuckertown 40,232 0 -48 -764 0 0 0 0

Narrows 508.6 0.0 -0.3 -0.1 0.0 0.0 0.0 0.0 Narrows 136,044 0 -1,538 -541 0 0 0 0
Falls 330.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Falls 1,937 0 -5 -5 0 0 0 0
Tillery 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Tillery 132,546 -98 1 1 -94 -94 -94 -96

Blewett 176.4 -0.1 0.0 0.0 -0.1 -0.1 -0.1 -0.1 Blewett 26,068 -167 -9 -7 -166 -166 -166 -166
Total 593,858 -265 -1,668 -1,661 -260 -260 -260 -262

Average 
Elevation 

(feet)

Average 
Storage 
(million 
gallons)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

W. Kerr Scott 1030.0 0 0 0 0 0 0 0 W. Kerr Scott 13,389 0 0 0 0 0 0 0
High Rock 622.0 0 0 -1 0 0 0 0 High Rock 70,366 0 -23 -112 0 0 0 0
Tuckertown 563.9 0 0 -5 0 0 0 0 Tuckertown 13,110 0 -16 -249 0 0 0 0

Narrows 508.6 0 -4 -1 0 0 0 0 Narrows 44,330 0 -501 -176 0 0 0 0
Falls 330.2 0 0 0 0 0 0 0 Falls 631 0 -2 -2 0 0 0 0
Tillery 278.0 0 0 0 0 0 0 0 Tillery 43,190 -32 0 0 -31 -31 -31 -31

Blewett 176.4 -1 0 0 -1 -1 -1 -1 Blewett 8,494 -54 -3 -2 -54 -54 -54 -54
Total 193,509 -86 -543 -541 -85 -85 -85 -85

Reservoir

Drought 1 (1999-2003) Average Elevation (feet)

Reservoir

Drought 1 (1999-2003) Average Storage (acre-feet)

Reservoir
Difference (feet) from BASE (2050), Drought 1 (1999-2003)

Reservoir
Difference (acre-feet) from BASE (2050), Drought 1 (1999-2003)

Reservoir
Difference (in) from BASE (2050), Drought 1 (1999-2003)

Reservoir
Difference (million gallons) from BASE (2050), Drought 1 (1999-2003)



Plant‐specific Tables

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Jan 1030.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 41,090 0 0 0 0 0 0 0
Feb 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 41,237 0 0 0 0 0 0 0
Mar 1030.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 41,362 0 0 0 0 0 0 0
Apr 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 41,240 0 0 0 0 0 0 0
May 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 41,205 0 0 0 0 0 0 0
Jun 1030.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 41,115 0 0 0 0 0 0 0
Jul 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jul 41,330 0 0 0 0 0 0 0
Aug 1029.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Aug 40,794 0 0 0 0 0 0 0
Sep 1029.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Sep 40,275 0 0 0 0 0 0 0
Oct 1029.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Oct 41,001 0 0 0 0 0 0 0
Nov 1030.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Nov 41,144 0 0 0 0 0 0 0
Dec 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dec 41,254 0 0 0 0 0 0 0

Total - 0 0 0 0 0 0 0

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Jan 623.1 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 Jan 228,175 0 -58 -956 0 0 0 0
Feb 623.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 227,683 0 -4 -4 0 0 0 0
Mar 623.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 230,020 0 -4 -4 0 0 0 0
Apr 623.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 229,730 0 -27 -26 0 0 0 0
May 622.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 218,460 0 -45 -40 0 0 0 0
Jun 621.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 211,407 0 -52 -208 0 0 0 0
Jul 621.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jul 206,699 0 -43 -93 0 0 0 0
Aug 620.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Aug 197,121 0 -75 -182 0 0 0 0
Sep 619.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Sep 192,884 0 -123 -482 0 0 0 0
Oct 621.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Oct 208,855 0 -191 -415 0 0 0 0
Nov 622.3 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 Nov 218,498 0 -95 -531 0 0 0 0
Dec 622.7 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 Dec 222,509 0 -113 -1,160 0 0 0 0

Total - 0 -830 -4,101 0 0 0 0

Month
W. Kerr Scott Difference (feet) from BASE (2050), Drought 1 (1999-2003)

Month
W. Kerr Scott Difference (acre-feet) from BASE (2050), Drought 1 (1999-2003)

Month
High Rock Difference (feet) from BASE (2050), Drought 1 (1999-2003)

Month
High Rock Difference (acre-feet) from BASE (2050), Drought 1 (1999-2003)



Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Jan 564.0 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 Jan 40,432 0 -9 -106 0 0 0 0
Feb 564.2 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 Feb 41,013 0 0 -145 0 0 0 0
Mar 564.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 41,058 0 0 -58 0 0 0 0
Apr 564.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 41,069 0 -1 -92 0 0 0 0
May 564.0 0.0 0.0 -0.3 0.0 0.0 0.0 0.0 May 40,511 0 -2 -640 0 0 0 0
Jun 563.9 0.0 0.0 -0.3 0.0 0.0 0.0 0.0 Jun 40,377 0 -2 -676 0 0 0 0
Jul 563.9 0.0 0.0 -0.3 0.0 0.0 0.0 0.0 Jul 40,362 0 0 -626 0 0 0 0
Aug 563.7 0.0 0.0 -0.6 0.0 0.0 0.0 0.0 Aug 39,743 0 0 -1,334 0 0 0 0
Sep 563.4 0.0 0.0 -0.8 0.0 0.0 0.0 0.0 Sep 39,142 0 -7 -1,740 0 0 0 0
Oct 563.4 0.0 -0.2 -0.9 0.0 0.0 0.0 0.0 Oct 39,265 0 -381 -1,892 0 0 0 0
Nov 563.8 0.0 -0.1 -0.6 0.0 0.0 0.0 0.0 Nov 39,988 0 -164 -1,270 0 0 0 0
Dec 563.7 0.0 0.0 -0.3 0.0 0.0 0.0 0.0 Dec 39,878 0 0 -555 0 0 0 0

Total - 0 -566 -9,135 0 0 0 0

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Jan 508.7 0.0 -0.2 0.0 0.0 0.0 0.0 0.0 Jan 136,652 0 -1,004 -47 0 0 0 0
Feb 508.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 137,648 0 -166 -19 0 0 0 0
Mar 509.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 138,057 0 -95 -34 0 0 0 0
Apr 509.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 138,324 0 -114 -25 0 0 0 0
May 508.8 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 May 136,814 0 -710 -65 0 0 0 0
Jun 508.7 0.0 -0.3 -0.1 0.0 0.0 0.0 0.0 Jun 136,317 0 -1,440 -594 0 0 0 0
Jul 508.7 0.0 -0.3 -0.1 0.0 0.0 0.0 0.0 Jul 136,320 0 -1,379 -682 0 0 0 0
Aug 508.4 0.0 -0.4 -0.1 0.0 0.0 0.0 0.0 Aug 135,085 0 -2,105 -674 0 0 0 0
Sep 508.2 0.0 -0.6 -0.2 0.0 0.0 0.0 0.0 Sep 133,766 0 -2,896 -790 0 0 0 0
Oct 508.0 0.0 -0.6 -0.3 0.0 0.0 0.0 0.0 Oct 133,102 0 -3,298 -1,522 0 0 0 0
Nov 508.4 0.0 -0.6 -0.3 0.0 0.0 0.0 0.0 Nov 134,776 0 -2,919 -1,365 0 0 0 0
Dec 508.6 0.0 -0.4 -0.1 0.0 0.0 0.0 0.0 Dec 135,761 0 -2,246 -653 0 0 0 0

Total - 0 -18,373 -6,471 0 0 0 0

Month
Tuckertown Difference (feet) from BASE (2050), Drought 1 (1999-2003)

Month
Tuckertown Difference (acre-feet) from BASE (2050), Drought 1 (1999-2003)

Month
Narrows Difference (feet) from BASE (2050), Drought 1 (1999-2003)

Month
Narrows Difference (acre-feet) from BASE (2050), Drought 1 (1999-2003)



Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(2050)
ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Jan 330.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 2,016 0 1 2 0 0 0 0
Feb 330.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 1,958 0 -2 -2 0 0 0 0
Mar 330.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 2,059 0 -8 -4 0 0 0 0
Apr 330.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 2,062 0 -3 -1 0 0 0 0
May 330.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 1,960 0 -2 0 0 0 0 0
Jun 330.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 1,930 0 -8 -9 0 0 0 0
Jul 330.1 0.0 -0.1 -0.1 0.0 0.0 0.0 0.0 Jul 1,919 0 -11 -16 0 0 0 0
Aug 329.6 0.0 -0.1 -0.1 0.0 0.0 0.0 0.0 Aug 1,833 0 -12 -17 0 0 0 0
Sep 329.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Sep 1,826 0 0 1 0 0 0 0
Oct 329.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Oct 1,811 0 -1 -1 0 0 0 0
Nov 329.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Nov 1,887 0 0 1 0 0 0 0
Dec 330.4 0.0 -0.1 -0.1 0.0 0.0 0.0 0.0 Dec 1,981 0 -13 -11 0 0 0 0

Total - 0 -58 -57 0 0 0 0

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(2050)
ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Jan 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 132,808 -1 -1 -1 0 0 0 -1
Feb 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 132,812 0 0 0 0 0 0 0
Mar 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 132,326 -3 0 0 0 0 0 -1
Apr 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 132,348 -3 6 6 0 0 0 2
May 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 132,490 -3 6 7 0 0 0 0
Jun 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 132,591 -2 0 0 0 0 0 -1
Jul 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jul 132,549 -77 1 -1 -73 -73 -73 -75
Aug 278.0 -0.2 0.0 0.0 -0.2 -0.2 -0.2 -0.2 Aug 132,311 -794 0 1 -788 -788 -788 -792
Sep 278.0 -0.1 0.0 0.0 -0.1 -0.1 -0.1 -0.1 Sep 132,544 -276 0 1 -256 -256 -256 -268
Oct 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Oct 132,581 -3 0 0 -1 -1 -1 -2
Nov 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Nov 132,570 0 0 0 0 0 0 0
Dec 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dec 132,639 0 1 1 0 0 0 0

Total - -1,161 13 14 -1,118 -1,118 -1,118 -1,139

Month
Falls Difference (feet) from BASE (2050), Drought 1 (1999-2003)

Month
Falls Difference (acre-feet) from BASE (2050), Drought 1 (1999-2003)

Month
Tillery Difference (feet) from BASE (2050), Drought 1 (1999-2003)

Month
Tillery Difference (acre-feet) from BASE (2050), Drought 1 (1999-2003)



Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(2050)
ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Jan 176.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 25,497 -3 -19 -16 -3 -3 -3 -3
Feb 176.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 25,567 -3 -6 -5 -5 -5 -5 -7
Mar 176.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 26,833 -13 -14 -16 -12 -12 -12 -12
Apr 176.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 26,994 -12 -16 -17 -13 -13 -13 -11
May 176.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 26,088 -26 -7 -9 -23 -23 -23 -25
Jun 176.5 -0.1 0.0 0.0 -0.1 -0.1 -0.1 -0.1 Jun 26,122 -235 -4 37 -234 -234 -234 -235
Jul 176.2 -0.2 0.0 0.0 -0.2 -0.2 -0.2 -0.2 Jul 25,381 -499 -10 -2 -502 -502 -502 -496
Aug 175.9 -0.1 0.0 0.0 -0.1 -0.1 -0.1 -0.1 Aug 24,829 -276 -3 -3 -270 -270 -270 -276
Sep 176.7 -0.2 0.0 0.0 -0.2 -0.2 -0.2 -0.2 Sep 26,883 -558 -25 -23 -553 -553 -553 -556
Oct 176.0 0.0 0.0 0.0 -0.1 -0.1 -0.1 0.0 Oct 24,985 -155 1 0 -155 -155 -155 -155
Nov 176.7 -0.1 0.0 0.0 -0.1 -0.1 -0.1 -0.1 Nov 26,622 -210 5 -29 -208 -208 -208 -209
Dec 176.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dec 27,063 -7 -9 -8 -7 -7 -7 -7

Total - -1,998 -108 -89 -1,984 -1,984 -1,984 -1,992

Average 
Storage 

(acre-feet)
Base 

(2050)
ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Jan 25,827 -4 -1,091 -1,125 -3 -3 -3 -4
Feb 25,989 -3 -178 -175 -5 -5 -5 -6
Mar 26,101 -15 -122 -116 -12 -12 -12 -13
Apr 26,449 -15 -155 -154 -13 -13 -13 -9
May 26,540 -30 -761 -747 -23 -23 -23 -26
Jun 26,426 -236 -1,506 -1,449 -234 -234 -234 -236
Jul 26,694 -576 -1,441 -1,420 -574 -574 -574 -571
Aug 26,534 -1,070 -2,194 -2,209 -1,058 -1,058 -1,058 -1,069
Sep 26,400 -834 -3,051 -3,033 -809 -809 -809 -824
Oct 26,383 -158 -3,869 -3,830 -156 -156 -156 -157
Nov 26,648 -210 -3,174 -3,196 -208 -208 -208 -209
Dec 26,152 -7 -2,380 -2,385 -7 -7 -7 -7

Total - -3,159 -19,922 -19,838 -3,102 -3,102 -3,102 -3,131

Month
Total System Difference (acre-feet) from BASE (2050)

Month
Blewett Difference (feet) from BASE (2050), Drought 1 (1999-2003)

Month
Blewett Difference (acre-feet) from BASE (2050), Drought 1 (1999-2003)
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Total System - Average Storage Comparison 
for years 1999-2003 
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Total System - Difference in Average Monthly Storage from Base (2050) 
for years 1999-2003 
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Reservoir 

Yadkin-Pee Dee Reservoirs - Average Storage Comparison 
for years 1999-2003 

Base (2050)

ALT 1 (2050)

ALT 2A (2050)
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Alternative 

W. Kerr Scott Reservoir - Average Storage Comparison 
for years 1999-2003 
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Alternative 

High Rock Lake - Average Storage Comparison 
for years 1999-2003 

High Rock
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Alternative 

Tuckertown Reservoir - Average Storage Comparison 
for years 1999-2003 

Tuckertown
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Alternative 

Narrows Reservoir - Average Storage Comparison 
for years 1999-2003 

Narrows
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Alternative 

Falls Reservoir - Average Storage Comparison 
for years 1999-2003 

Falls
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Alternative 

Lake Tillery - Average Storage Comparison 
for years 1999-2003 

Tillery
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Alternative 

Blewett Falls Lake - Average Storage Comparison 
for years 1999-2003 

Blewett



  

  

J-3 
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Annual Averages

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

W. Kerr Scott 1030.0 1030.0 1030.0 1030.0 1030.0 1030.0 1030.0 1030.0 W. Kerr Scott 41,137 41,137 41,137 41,137 41,137 41,137 41,137 41,137
High Rock 622.9 622.9 622.9 622.8 622.9 622.9 622.9 622.9 High Rock 225,399 225,399 225,177 224,859 225,399 225,399 225,399 225,399
Tuckertown 564.1 564.1 564.1 564.0 564.1 564.1 564.1 564.1 Tuckertown 40,654 40,654 40,676 40,472 40,654 40,654 40,654 40,654

Narrows 508.8 508.8 508.6 508.7 508.8 508.8 508.8 508.8 Narrows 136,864 136,864 136,250 136,777 136,864 136,864 136,864 136,864
Falls 330.3 330.3 330.3 330.3 330.3 330.3 330.3 330.3 Falls 1,957 1,957 1,950 1,950 1,957 1,957 1,957 1,957
Tillery 278.0 278.0 278.0 278.0 278.0 278.0 278.0 278.0 Tillery 132,569 132,567 132,569 132,569 132,569 132,569 132,569 132,568

Blewett 176.5 176.5 176.5 176.5 176.5 176.5 176.5 176.5 Blewett 26,239 26,176 26,230 26,230 26,177 26,177 26,177 26,176

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(2050)
ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

W. Kerr Scott 1030.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 W. Kerr Scott 41,137 0 0 0 0 0 0 0
High Rock 622.9 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 High Rock 225,399 0 -222 -540 0 0 0 0
Tuckertown 564.1 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 Tuckertown 40,654 0 22 -182 0 0 0 0

Narrows 508.8 0.0 -0.2 -0.1 0.0 0.0 0.0 0.0 Narrows 136,864 0 -613 -87 0 0 0 0
Falls 330.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Falls 1,957 0 -7 -7 0 0 0 0
Tillery 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Tillery 132,569 -2 0 0 0 0 0 -1

Blewett 176.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Blewett 26,239 -63 -9 -9 -62 -62 -62 -63
Total 604,818 -65 -829 -825 -62 -62 -62 -64

Average 
Elevation 

(feet)

Average 
Storage 
(million 
gallons)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

W. Kerr Scott 1030.0 0 0 0 0 0 0 0 W. Kerr Scott 41,137 0 0 0 0 0 0 0
High Rock 622.9 0 0 -1 0 0 0 0 High Rock 225,399 0 -72 -176 0 0 0 0
Tuckertown 564.1 0 0 -1 0 0 0 0 Tuckertown 40,654 0 7 -59 0 0 0 0

Narrows 508.8 0 -2 -1 0 0 0 0 Narrows 136,864 0 -200 -28 0 0 0 0
Falls 330.3 0 0 0 0 0 0 0 Falls 1,957 0 -2 -2 0 0 0 0
Tillery 278.0 0 0 0 0 0 0 0 Tillery 132,569 -1 0 0 0 0 0 0

Blewett 176.5 0 0 0 0 0 0 0 Blewett 26,239 -20 -3 -3 -20 -20 -20 -21
Total 604,818 -21 -270 -269 -20 -20 -20 -21

Reservoir

Drought 2 (2006-2009) Average Elevation (feet)

Reservoir

Drought 2 (2006-2009) Average Storage (acre-feet)

Reservoir
Difference (feet) from BASE (2050), Drought 2 (2006-2009)

Reservoir
Difference (acre-feet) from BASE (2050), Drought 2 (2006-2009)

Reservoir
Difference (in) from BASE (2050), Drought 2 (2006-2009)

Reservoir
Difference (million gallons) from BASE (2050), Drought 2 (2006-2009)



Plant‐specific Tables

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Jan 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 41,259 0 0 0 0 0 0 0
Feb 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 41,212 0 0 0 0 0 0 0
Mar 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 41,343 0 0 0 0 0 0 0
Apr 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 41,265 0 0 0 0 0 0 0
May 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 41,269 0 0 0 0 0 0 0
Jun 1030.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 41,060 0 0 0 0 0 0 0
Jul 1029.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jul 40,988 0 0 0 0 0 0 0
Aug 1029.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Aug 40,507 0 0 0 0 0 0 0
Sep 1030.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Sep 41,155 0 0 0 0 0 0 0
Oct 1029.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Oct 40,983 0 0 0 0 0 0 0
Nov 1030.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Nov 41,219 0 0 0 0 0 0 0
Dec 1030.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dec 41,391 0 0 0 0 0 0 0

Total - 0 0 0 0 0 0 0

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Jan 623.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 231,480 0 0 0 0 0 0 0
Feb 623.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 228,070 0 -17 -17 0 0 0 0
Mar 623.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 230,600 0 1 0 0 0 0 0
Apr 623.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 230,224 0 -20 -22 0 0 0 0
May 623.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 227,915 0 -6 -11 0 0 0 0
Jun 623.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 227,669 0 -53 -51 0 0 0 0
Jul 622.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jul 222,028 0 -387 -387 0 0 0 0
Aug 621.7 0.0 -0.1 -0.1 0.0 0.0 0.0 0.0 Aug 211,702 0 -1,295 -1,295 0 0 0 0
Sep 622.3 0.0 -0.1 -0.1 0.0 0.0 0.0 0.0 Sep 217,895 0 -681 -708 0 0 0 0
Oct 622.3 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 Oct 218,151 0 -96 -854 0 0 0 0
Nov 623.2 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 Nov 228,865 0 -62 -1,858 0 0 0 0
Dec 623.3 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 Dec 230,493 0 -39 -1,247 0 0 0 0

Total - 0 -2,654 -6,449 0 0 0 0

Month
W. Kerr Scott Difference (feet) from BASE (2050), Drought 2 (2006-2009)

Month
W. Kerr Scott Difference (acre-feet) from BASE (2050), Drought 2 (2006-2009)

Month
High Rock Difference (feet) from BASE (2050), Drought 2 (2006-2009)

Month
High Rock Difference (acre-feet) from BASE (2050), Drought 2 (2006-2009)



Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Jan 564.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 41,233 0 0 -18 0 0 0 0
Feb 564.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 40,917 0 0 -60 0 0 0 0
Mar 564.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 41,200 0 0 -18 0 0 0 0
Apr 564.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 41,093 0 31 1 0 0 0 0
May 564.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 41,028 0 0 -78 0 0 0 0
Jun 564.2 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 Jun 40,918 0 0 -197 0 0 0 0
Jul 563.9 0.0 0.1 -0.2 0.0 0.0 0.0 0.0 Jul 40,333 0 265 -342 0 0 0 0
Aug 564.1 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 Aug 40,706 0 49 -261 0 0 0 0
Sep 563.9 0.0 0.0 -0.4 0.0 0.0 0.0 0.0 Sep 40,275 0 -54 -873 0 0 0 0
Oct 563.8 0.0 0.0 -0.2 0.0 0.0 0.0 0.0 Oct 40,008 0 -7 -414 0 0 0 0
Nov 563.7 0.0 0.0 0.1 0.0 0.0 0.0 0.0 Nov 39,896 0 -7 275 0 0 0 0
Dec 563.9 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 Dec 40,245 0 -15 -189 0 0 0 0

Total - 0 262 -2,173 0 0 0 0

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Jan 509.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 138,524 0 -25 -8 0 0 0 0
Feb 508.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 137,161 0 -65 -6 0 0 0 0
Mar 509.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 138,137 0 -25 -8 0 0 0 0
Apr 509.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 138,083 0 -29 9 0 0 0 0
May 508.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 137,328 0 -67 -12 0 0 0 0
Jun 508.9 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 Jun 137,621 0 -337 -140 0 0 0 0
Jul 508.6 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 Jul 135,898 0 -790 -176 0 0 0 0
Aug 508.6 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 Aug 136,196 0 -361 -44 0 0 0 0
Sep 508.6 0.0 -0.2 0.0 0.0 0.0 0.0 0.0 Sep 135,745 0 -1,008 -155 0 0 0 0
Oct 508.5 0.0 -0.2 0.0 0.0 0.0 0.0 0.0 Oct 135,306 0 -1,255 -78 0 0 0 0
Nov 508.6 0.0 -0.3 0.0 0.0 0.0 0.0 0.0 Nov 135,919 0 -1,713 -179 0 0 0 0
Dec 508.7 0.0 -0.3 0.0 0.0 0.0 0.0 0.0 Dec 136,466 0 -1,656 -245 0 0 0 0

Total - 0 -7,333 -1,042 0 0 0 0

Month
Tuckertown Difference (feet) from BASE (2050), Drought 2 (2006-2009)

Month
Tuckertown Difference (acre-feet) from BASE (2050), Drought 2 (2006-2009)

Month
Narrows Difference (feet) from BASE (2050), Drought 2 (2006-2009)

Month
Narrows Difference (acre-feet) from BASE (2050), Drought 2 (2006-2009)



Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(2050)
ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Jan 331.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 2,093 0 2 3 0 0 0 0
Feb 330.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 1,946 0 -4 -4 0 0 0 0
Mar 330.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 2,074 0 1 2 0 0 0 0
Apr 330.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 2,062 0 -3 -5 0 0 0 0
May 330.5 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 May 1,999 0 -5 -15 0 0 0 0
Jun 330.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 1,979 0 -9 -6 0 0 0 0
Jul 329.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jul 1,857 0 -8 -9 0 0 0 0
Aug 329.6 0.0 -0.2 -0.2 0.0 0.0 0.0 0.0 Aug 1,825 0 -30 -28 0 0 0 0
Sep 329.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Sep 1,822 0 0 0 0 0 0 0
Oct 329.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Oct 1,826 0 -5 -5 0 0 0 0
Nov 330.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Nov 1,958 0 -6 -5 0 0 0 0
Dec 330.7 0.0 -0.1 -0.1 0.0 0.0 0.0 0.0 Dec 2,040 0 -14 -14 0 0 0 0

Total - 0 -81 -88 0 0 0 0

Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(2050)
ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Jan 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 132,793 0 -1 -1 0 0 0 0
Feb 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 132,739 0 0 0 0 0 0 0
Mar 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 132,566 -3 1 1 0 0 0 -1
Apr 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 132,589 -7 -2 -2 0 0 0 -4
May 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 132,515 -7 -3 -3 0 0 0 -4
Jun 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 132,390 7 9 9 0 0 0 0
Jul 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jul 132,597 -2 0 0 0 0 0 -1
Aug 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Aug 132,546 -4 0 0 0 0 0 -3
Sep 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Sep 132,558 -2 0 0 0 0 0 -1
Oct 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Oct 132,572 -1 0 0 0 0 0 0
Nov 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Nov 132,425 -1 -1 -1 0 0 0 0
Dec 278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dec 132,541 0 -2 -2 0 0 0 0

Total - -19 1 1 0 0 0 -16

Month
Falls Difference (feet) from BASE (2050), Drought 2 (2006-2009)

Month
Falls Difference (acre-feet) from BASE (2050), Drought 2 (2006-2009)

Month
Tillery Difference (feet) from BASE (2050), Drought 2 (2006-2009)

Month
Tillery Difference (acre-feet) from BASE (2050), Drought 2 (2006-2009)



Average 
Elevation 

(feet)

Average 
Storage 

(acre-feet)
Base 

(2050)
ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Base 
(2050)

ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Jan 176.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jan 25,651 -4 -15 -14 -2 -2 -2 -3
Feb 176.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Feb 26,347 -2 -6 -6 -2 -2 -2 -2
Mar 176.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Mar 25,704 -19 -32 -29 -12 -12 -12 -18
Apr 176.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Apr 25,308 -14 -22 -19 -9 -9 -9 -9
May 176.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 May 25,813 -11 -15 -12 -11 -11 -11 -13
Jun 176.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jun 26,753 -25 -4 -9 -24 -24 -24 -24
Jul 176.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Jul 27,068 -31 -4 -4 -32 -32 -32 -31
Aug 176.6 -0.1 0.0 0.0 -0.1 -0.1 -0.1 -0.1 Aug 26,428 -260 -8 -7 -262 -262 -262 -261
Sep 176.6 -0.1 0.0 0.0 -0.1 -0.1 -0.1 -0.1 Sep 26,537 -221 -1 -1 -222 -222 -222 -221
Oct 176.8 -0.1 0.0 0.0 -0.1 -0.1 -0.1 -0.1 Oct 26,920 -150 -1 -1 -149 -149 -149 -150
Nov 176.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Nov 26,654 -11 22 10 -8 -8 -8 -12
Dec 176.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Dec 25,699 -3 -18 -16 -10 -10 -10 -9

Total - -750 -103 -108 -742 -742 -742 -752

Average 
Storage 

(acre-feet)
Base 

(2050)
ALT 1 
(2050)

ALT 2A 
(2050)

ALT 2B 
(2050)

ALT 3 
(2050)

ALT 4 
(2050)

ALT 5 
(2050)

ALT 11 
(2050)

Jan 25,827 -3 -39 -39 -2 -2 -2 -3
Feb 25,989 -2 -93 -94 -2 -2 -2 -2
Mar 26,101 -22 -54 -51 -12 -12 -12 -19
Apr 26,449 -21 -45 -38 -9 -9 -9 -13
May 26,540 -18 -96 -130 -11 -11 -11 -17
Jun 26,426 -18 -395 -394 -24 -24 -24 -25
Jul 26,694 -33 -925 -918 -32 -32 -32 -32
Aug 26,534 -264 -1,644 -1,636 -262 -262 -262 -263
Sep 26,400 -223 -1,744 -1,737 -222 -222 -222 -223
Oct 26,383 -150 -1,364 -1,352 -149 -149 -149 -150
Nov 26,648 -12 -1,765 -1,759 -8 -8 -8 -13
Dec 26,152 -3 -1,744 -1,713 -10 -10 -10 -9

Total - -769 -9,907 -9,860 -742 -742 -742 -768

Month
Total System Difference (acre-feet) from BASE (2050)

Month
Blewett Difference (feet) from BASE (2050), Drought 2 (2006-2009)

Month
Blewett Difference (acre-feet) from BASE (2050), Drought 2 (2006-2009)
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Total System - Average Storage Comparison 
for years 2006-2009 

Total
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Total System - Difference in Average Monthly Storage from Base (2050) 
for years 2006-2009 
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Reservoir 

Yadkin-Pee Dee Reservoirs - Average Storage Comparison 
for years 2006-2009 

Base (2050)

ALT 1 (2050)

ALT 2A (2050)

ALT 2B (2050)

ALT 3 (2050)

ALT 4 (2050)

ALT 5 (2050)

ALT 11 (2050)
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M-1 
Hydro Generation 
Comparison 

Baseline – 2012 Water Use 

To 

Baseline – 2050 Water Use 
 

 
 

  

  



'Base_2050' less 'Base_2012' Difference (MWh) 'Base_2050' less 'Base_2012' Difference (%)

Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total

1955 ‐715 ‐869 ‐4,312 ‐1,507 ‐4,749 ‐2,963 ‐15,115 1955 ‐0.8% ‐0.9% ‐1.4% ‐1.7% ‐3.5% ‐2.9% ‐1.8%

1956 ‐630 ‐876 ‐4,500 ‐1,174 ‐4,925 ‐2,811 ‐14,916 1956 ‐0.7% ‐0.9% ‐1.5% ‐1.4% ‐3.6% ‐2.8% ‐1.8%

1957 ‐578 ‐930 ‐4,401 ‐1,161 ‐5,478 ‐2,480 ‐15,028 1957 ‐0.4% ‐0.6% ‐0.9% ‐0.8% ‐2.3% ‐1.7% ‐1.1%

1958 ‐102 ‐413 ‐2,582 ‐727 ‐5,215 ‐470 ‐9,509 1958 ‐0.1% ‐0.3% ‐0.5% ‐0.5% ‐2.1% ‐0.3% ‐0.7%

1959 ‐468 ‐1,126 ‐4,933 ‐1,340 ‐4,874 ‐1,087 ‐13,828 1959 ‐0.3% ‐0.7% ‐0.9% ‐0.9% ‐2.0% ‐0.7% ‐1.0%

1960 ‐695 ‐731 ‐3,884 ‐1,225 ‐4,109 ‐1,714 ‐12,358 1960 ‐0.4% ‐0.4% ‐0.7% ‐0.8% ‐1.4% ‐1.1% ‐0.8%

1961 ‐484 ‐997 ‐5,426 ‐1,443 ‐4,988 ‐2,331 ‐15,669 1961 ‐0.3% ‐0.7% ‐1.1% ‐1.1% ‐2.2% ‐1.6% ‐1.2%

1962 ‐785 ‐1,040 ‐4,307 ‐1,530 ‐4,728 ‐1,597 ‐13,987 1962 ‐0.5% ‐0.6% ‐0.8% ‐1.0% ‐1.9% ‐1.0% ‐1.0%

1963 ‐821 ‐1,027 ‐5,042 ‐1,512 ‐4,374 ‐2,914 ‐15,690 1963 ‐0.7% ‐0.9% ‐1.4% ‐1.5% ‐2.6% ‐2.4% ‐1.6%

1964 ‐652 ‐920 ‐3,698 ‐958 ‐4,423 ‐2,322 ‐12,973 1964 ‐0.4% ‐0.6% ‐0.7% ‐0.7% ‐1.8% ‐1.5% ‐0.9%

1965 ‐440 ‐1,072 ‐4,124 ‐1,235 ‐4,382 ‐668 ‐11,921 1965 ‐0.3% ‐0.7% ‐0.9% ‐0.9% ‐2.0% ‐0.5% ‐0.9%

1966 ‐969 ‐1,199 ‐5,410 ‐1,828 ‐5,044 ‐3,114 ‐17,564 1966 ‐0.9% ‐1.1% ‐1.5% ‐1.9% ‐3.3% ‐2.7% ‐1.9%

1967 ‐674 ‐780 ‐4,604 ‐1,348 ‐4,526 ‐3,050 ‐14,982 1967 ‐0.7% ‐0.8% ‐1.4% ‐1.5% ‐3.2% ‐2.9% ‐1.7%

1968 ‐501 ‐914 ‐3,741 ‐1,192 ‐4,337 ‐2,683 ‐13,368 1968 ‐0.4% ‐0.7% ‐0.9% ‐1.1% ‐2.4% ‐2.1% ‐1.3%

1969 ‐559 ‐984 ‐4,405 ‐1,251 ‐5,291 ‐2,952 ‐15,442 1969 ‐0.5% ‐0.8% ‐1.1% ‐1.1% ‐3.0% ‐2.3% ‐1.5%

1970 ‐1,074 ‐1,300 ‐5,285 ‐1,445 ‐4,854 ‐2,871 ‐16,829 1970 ‐1.0% ‐1.1% ‐1.4% ‐1.4% ‐3.1% ‐2.5% ‐1.7%

1971 ‐762 ‐1,150 ‐4,407 ‐1,429 ‐4,606 ‐1,727 ‐14,081 1971 ‐0.5% ‐0.6% ‐0.8% ‐0.9% ‐1.7% ‐1.0% ‐0.9%

1972 ‐507 ‐839 ‐3,882 ‐1,186 ‐4,881 ‐2,169 ‐13,464 1972 ‐0.3% ‐0.5% ‐0.7% ‐0.8% ‐1.9% ‐1.3% ‐0.9%

1973 ‐269 ‐878 ‐3,750 ‐1,520 ‐5,398 ‐1,741 ‐13,556 1973 ‐0.2% ‐0.4% ‐0.6% ‐0.9% ‐1.8% ‐1.0% ‐0.8%

1974 ‐641 ‐956 ‐4,513 ‐1,394 ‐5,159 ‐2,177 ‐14,840 1974 ‐0.4% ‐0.6% ‐0.8% ‐0.9% ‐2.1% ‐1.3% ‐1.0%

1975 ‐636 ‐1,593 ‐5,017 ‐1,430 ‐4,178 ‐1,714 ‐14,568 1975 ‐0.3% ‐0.8% ‐0.8% ‐0.8% ‐1.3% ‐1.0% ‐0.9%

1976 ‐472 ‐1,023 ‐3,982 ‐1,045 ‐4,264 ‐2,648 ‐13,434 1976 ‐0.4% ‐0.7% ‐0.9% ‐0.8% ‐2.1% ‐1.9% ‐1.1%

1977 ‐804 ‐1,459 ‐5,308 ‐1,423 ‐4,987 ‐2,395 ‐16,376 1977 ‐0.7% ‐1.1% ‐1.3% ‐1.2% ‐2.6% ‐1.9% ‐1.5%

1978 ‐790 ‐1,051 ‐4,924 ‐1,479 ‐4,821 ‐2,698 ‐15,763 1978 ‐0.6% ‐0.7% ‐1.0% ‐1.1% ‐2.1% ‐1.9% ‐1.2%

1979 ‐547 ‐1,992 ‐5,129 ‐1,832 ‐5,318 ‐594 ‐15,412 1979 ‐0.3% ‐1.0% ‐0.8% ‐1.0% ‐1.7% ‐0.3% ‐0.9%

1980 ‐578 ‐724 ‐4,309 ‐1,327 ‐5,369 ‐2,534 ‐14,841 1980 ‐0.4% ‐0.5% ‐0.9% ‐1.0% ‐2.4% ‐1.8% ‐1.2%

1981 ‐717 ‐1,019 ‐4,812 ‐1,507 ‐4,816 ‐3,014 ‐15,885 1981 ‐0.8% ‐1.1% ‐1.6% ‐1.8% ‐3.8% ‐3.0% ‐2.0%

1982 ‐505 ‐1,013 ‐4,517 ‐1,349 ‐4,949 ‐2,625 ‐14,958 1982 ‐0.4% ‐0.7% ‐1.0% ‐1.0% ‐2.4% ‐1.8% ‐1.2%

1983 ‐323 ‐1,214 ‐5,155 ‐1,477 ‐3,592 ‐2,376 ‐14,137 1983 ‐0.2% ‐0.7% ‐1.0% ‐1.0% ‐1.4% ‐1.6% ‐1.0%

1984 ‐540 ‐1,281 ‐4,782 ‐1,329 ‐5,083 ‐1,863 ‐14,878 1984 ‐0.3% ‐0.7% ‐0.9% ‐0.9% ‐1.9% ‐1.2% ‐1.0%

1985 ‐927 ‐1,075 ‐4,585 ‐1,442 ‐4,974 ‐2,663 ‐15,666 1985 ‐0.8% ‐0.9% ‐1.1% ‐1.3% ‐2.7% ‐2.1% ‐1.5%

1986 ‐822 ‐1,330 ‐5,453 ‐1,685 ‐5,593 ‐3,289 ‐18,172 1986 ‐1.1% ‐1.7% ‐2.2% ‐2.4% ‐5.5% ‐3.8% ‐2.7%

1987 ‐482 ‐1,009 ‐4,247 ‐1,092 ‐5,011 ‐2,258 ‐14,099 1987 ‐0.3% ‐0.6% ‐0.9% ‐0.8% ‐2.2% ‐1.5% ‐1.1%

1988 ‐841 ‐1,000 ‐4,942 ‐1,416 ‐5,271 ‐3,136 ‐16,606 1988 ‐0.9% ‐1.1% ‐1.6% ‐1.7% ‐4.3% ‐2.9% ‐2.1%

1989 ‐407 ‐1,539 ‐4,863 ‐1,061 ‐4,851 ‐151 ‐12,872 1989 ‐0.3% ‐0.9% ‐0.9% ‐0.7% ‐2.0% ‐0.1% ‐0.9%

1990 ‐662 ‐1,411 ‐5,067 ‐1,538 ‐4,592 ‐2,043 ‐15,313 1990 ‐0.4% ‐0.7% ‐0.8% ‐0.9% ‐1.4% ‐1.2% ‐0.9%

1991 ‐521 ‐514 ‐3,686 ‐815 ‐4,924 ‐2,021 ‐12,481 1991 ‐0.3% ‐0.3% ‐0.7% ‐0.5% ‐1.9% ‐1.3% ‐0.9%

1992 ‐473 ‐500 ‐3,428 ‐852 ‐5,179 ‐2,624 ‐13,056 1992 ‐0.3% ‐0.3% ‐0.7% ‐0.6% ‐2.1% ‐1.7% ‐0.9%

1993 ‐548 ‐614 ‐3,524 ‐917 ‐4,421 ‐2,515 ‐12,539 1993 ‐0.4% ‐0.4% ‐0.7% ‐0.7% ‐1.7% ‐1.8% ‐1.0%

1994 ‐1,098 ‐678 ‐3,992 ‐1,161 ‐4,274 ‐2,722 ‐13,925 1994 ‐0.8% ‐0.5% ‐0.9% ‐0.9% ‐2.1% ‐2.0% ‐1.2%

1995 ‐604 ‐1,081 ‐4,238 ‐1,284 ‐4,328 ‐2,489 ‐14,024 1995 ‐0.5% ‐0.7% ‐0.9% ‐1.0% ‐2.0% ‐1.7% ‐1.1%

1996 ‐743 ‐929 ‐4,097 ‐1,244 ‐5,187 ‐1,001 ‐13,201 1996 ‐0.5% ‐0.6% ‐0.9% ‐1.0% ‐2.4% ‐0.7% ‐1.1%

1997 ‐368 ‐592 ‐3,543 ‐776 ‐4,268 ‐2,388 ‐11,935 1997 ‐0.3% ‐0.4% ‐0.7% ‐0.6% ‐1.9% ‐1.6% ‐0.9%

1998 ‐741 ‐972 ‐4,221 ‐1,053 ‐4,756 ‐2,424 ‐14,167 1998 ‐0.6% ‐0.6% ‐0.9% ‐0.8% ‐2.0% ‐1.8% ‐1.1%

1999 ‐685 ‐1,055 ‐4,765 ‐1,529 ‐5,174 ‐2,972 ‐16,180 1999 ‐0.7% ‐1.1% ‐1.5% ‐1.7% ‐4.0% ‐2.8% ‐1.9%

2000 ‐542 ‐1,310 ‐4,549 ‐1,131 ‐5,241 ‐3,074 ‐15,847 2000 ‐0.7% ‐1.5% ‐1.7% ‐1.5% ‐4.7% ‐3.4% ‐2.2%

2001 ‐406 ‐934 ‐3,448 ‐1,009 ‐4,310 ‐2,994 ‐13,101 2001 ‐0.7% ‐1.6% ‐1.8% ‐2.0% ‐6.0% ‐4.6% ‐2.7%

2002 ‐556 ‐1,189 ‐4,024 ‐1,203 ‐5,352 ‐2,931 ‐15,255 2002 ‐0.8% ‐1.6% ‐1.7% ‐1.8% ‐5.4% ‐3.7% ‐2.4%

2003 ‐113 ‐202 ‐2,839 ‐1,098 ‐2,851 ‐2,279 ‐9,382 2003 ‐0.1% ‐0.1% ‐0.4% ‐0.6% ‐0.9% ‐1.2% ‐0.5%

2004 ‐508 ‐779 ‐4,014 ‐1,223 ‐4,446 ‐2,645 ‐13,615 2004 ‐0.4% ‐0.6% ‐0.9% ‐1.0% ‐2.3% ‐1.8% ‐1.1%

2005 ‐546 ‐1,185 ‐4,434 ‐1,233 ‐4,896 ‐2,588 ‐14,882 2005 ‐0.4% ‐0.8% ‐1.0% ‐1.0% ‐2.5% ‐1.9% ‐1.3%

2006 ‐548 ‐806 ‐3,900 ‐1,142 ‐5,073 ‐2,928 ‐14,397 2006 ‐0.5% ‐0.8% ‐1.2% ‐1.2% ‐3.5% ‐2.6% ‐1.6%

2007 ‐596 ‐1,469 ‐4,681 ‐1,672 ‐5,062 ‐3,084 ‐16,564 2007 ‐0.7% ‐1.6% ‐1.6% ‐2.0% ‐3.9% ‐3.3% ‐2.1%

2008 ‐860 ‐914 ‐4,686 ‐1,481 ‐4,873 ‐2,330 ‐15,144 2008 ‐1.2% ‐1.2% ‐1.9% ‐2.2% ‐5.1% ‐2.8% ‐2.4%

2009 ‐812 ‐961 ‐4,494 ‐1,302 ‐4,889 ‐1,898 ‐14,356 2009 ‐0.6% ‐0.7% ‐1.0% ‐1.1% ‐2.3% ‐1.5% ‐1.2%

2010 ‐568 ‐838 ‐3,385 ‐1,261 ‐4,641 ‐2,212 ‐12,905 2010 ‐0.4% ‐0.6% ‐0.8% ‐1.0% ‐2.3% ‐1.7% ‐1.1%

2011 ‐834 ‐1,149 ‐4,784 ‐1,462 ‐5,212 ‐3,110 ‐16,551 2011 ‐0.9% ‐1.2% ‐1.5% ‐1.7% ‐4.0% ‐3.0% ‐2.0%

2012 ‐820 ‐1,055 ‐4,846 ‐1,500 ‐5,249 ‐3,270 ‐16,740 2012 ‐1.0% ‐1.2% ‐1.8% ‐1.9% ‐4.5% ‐3.5% ‐2.3%

2013 ‐158 6 ‐610 ‐501 ‐4,488 ‐1,641 ‐7,392 2013 ‐0.1% 0.0% ‐0.1% ‐0.3% ‐1.6% ‐1.0% ‐0.5%
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M-2 
Hydro Generation 
Comparison 

Baseline – 2012 Water Use 

To 

Alternative 1 – 2012 Water Use with 
Union County 2050 Demand 

 

 
 

  



'Alt1_UC2050_2012' less 'Base_2012' Difference (MWh) 'Alt1_UC2050_2012' less 'Base_2012' Difference (%)

Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total

1955 0 0 0 0 ‐966 ‐326 ‐1,292 1955 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐0.3% ‐0.2%

1956 0 0 0 0 ‐1,119 ‐330 ‐1,449 1956 0.0% 0.0% 0.0% 0.0% ‐0.8% ‐0.3% ‐0.2%

1957 0 0 0 0 ‐1,221 ‐259 ‐1,480 1957 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.2% ‐0.1%

1958 0 0 0 2 ‐1,093 63 ‐1,028 1958 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0% ‐0.1%

1959 0 0 0 1 ‐1,186 ‐215 ‐1,400 1959 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.1% ‐0.1%

1960 0 0 0 9 ‐1,106 ‐227 ‐1,324 1960 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.1% ‐0.1%

1961 0 0 0 ‐2 ‐1,087 ‐266 ‐1,355 1961 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.2% ‐0.1%

1962 0 0 0 6 ‐1,143 ‐280 ‐1,417 1962 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.2% ‐0.1%

1963 0 0 8 4 ‐1,187 ‐325 ‐1,500 1963 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐0.3% ‐0.2%

1964 0 0 ‐4 ‐3 ‐1,003 ‐235 ‐1,245 1964 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.1% ‐0.1%

1965 0 0 0 2 ‐1,165 ‐352 ‐1,515 1965 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.2% ‐0.1%

1966 0 0 0 4 ‐1,198 ‐324 ‐1,518 1966 0.0% 0.0% 0.0% 0.0% ‐0.8% ‐0.3% ‐0.2%

1967 0 0 0 ‐2 ‐1,104 ‐337 ‐1,443 1967 0.0% 0.0% 0.0% 0.0% ‐0.8% ‐0.3% ‐0.2%

1968 0 0 0 4 ‐1,260 ‐319 ‐1,575 1968 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐0.3% ‐0.1%

1969 0 0 ‐2 0 ‐1,139 ‐1,705 ‐2,846 1969 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐1.3% ‐0.3%

1970 0 0 0 2 ‐1,091 ‐341 ‐1,430 1970 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐0.3% ‐0.1%

1971 0 0 0 ‐1 ‐1,069 ‐238 ‐1,308 1971 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.1% ‐0.1%

1972 0 0 0 2 ‐1,105 ‐262 ‐1,365 1972 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.2% ‐0.1%

1973 0 0 0 4 ‐1,100 ‐205 ‐1,301 1973 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.1% ‐0.1%

1974 0 0 0 7 ‐1,136 ‐246 ‐1,375 1974 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.2% ‐0.1%

1975 0 0 0 6 ‐1,004 ‐289 ‐1,287 1975 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.2% ‐0.1%

1976 0 0 0 4 ‐1,153 ‐315 ‐1,464 1976 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.2% ‐0.1%

1977 0 0 0 0 ‐1,058 ‐374 ‐1,432 1977 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.3% ‐0.1%

1978 0 0 0 2 ‐1,174 ‐274 ‐1,446 1978 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.2% ‐0.1%

1979 0 0 0 ‐1 ‐1,057 ‐207 ‐1,265 1979 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.1% ‐0.1%

1980 0 0 0 ‐1 ‐1,099 ‐312 ‐1,412 1980 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.2% ‐0.1%

1981 0 0 0 ‐2 ‐930 ‐321 ‐1,253 1981 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐0.3% ‐0.2%

1982 0 0 0 8 ‐1,211 ‐286 ‐1,489 1982 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.2% ‐0.1%

1983 0 0 0 ‐2 ‐1,091 ‐272 ‐1,365 1983 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.2% ‐0.1%

1984 0 0 0 ‐1 ‐1,131 ‐215 ‐1,347 1984 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.1% ‐0.1%

1985 0 0 0 ‐2 ‐1,132 ‐284 ‐1,418 1985 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.2% ‐0.1%

1986 0 0 0 5 ‐1,336 ‐382 ‐1,713 1986 0.0% 0.0% 0.0% 0.0% ‐1.3% ‐0.4% ‐0.3%

1987 0 0 0 2 ‐1,091 ‐286 ‐1,375 1987 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.2% ‐0.1%

1988 0 0 0 2 ‐1,227 ‐313 ‐1,538 1988 0.0% 0.0% 0.0% 0.0% ‐1.0% ‐0.3% ‐0.2%

1989 0 0 0 ‐1 ‐1,156 349 ‐808 1989 0.0% 0.0% 0.0% 0.0% ‐0.5% 0.2% ‐0.1%

1990 0 0 0 6 ‐1,035 ‐234 ‐1,263 1990 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.1% ‐0.1%

1991 0 0 0 1 ‐1,130 ‐243 ‐1,372 1991 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.2% ‐0.1%

1992 0 0 0 1 ‐1,167 ‐259 ‐1,425 1992 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.2% ‐0.1%

1993 0 0 0 ‐1 ‐1,109 ‐271 ‐1,381 1993 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.2% ‐0.1%

1994 0 0 0 2 ‐1,065 ‐339 ‐1,402 1994 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.2% ‐0.1%

1995 0 0 0 0 ‐1,101 ‐112 ‐1,213 1995 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.1% ‐0.1%

1996 0 0 0 4 ‐1,152 ‐302 ‐1,450 1996 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.2% ‐0.1%

1997 0 0 0 1 ‐1,135 ‐279 ‐1,413 1997 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.2% ‐0.1%

1998 0 0 0 2 ‐1,108 ‐295 ‐1,401 1998 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.2% ‐0.1%

1999 0 0 0 3 ‐1,242 ‐346 ‐1,585 1999 0.0% 0.0% 0.0% 0.0% ‐1.0% ‐0.3% ‐0.2%

2000 0 0 0 1 ‐1,263 ‐358 ‐1,620 2000 0.0% 0.0% 0.0% 0.0% ‐1.1% ‐0.4% ‐0.2%

2001 0 0 0 1 ‐1,249 ‐366 ‐1,614 2001 0.0% 0.0% 0.0% 0.0% ‐1.7% ‐0.6% ‐0.3%

2002 0 0 0 ‐3 ‐1,186 ‐329 ‐1,518 2002 0.0% 0.0% 0.0% 0.0% ‐1.2% ‐0.4% ‐0.2%

2003 0 0 0 4 ‐1,063 ‐157 ‐1,216 2003 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.1% ‐0.1%

2004 0 0 0 6 ‐1,219 ‐304 ‐1,517 2004 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.2% ‐0.1%

2005 0 0 0 3 ‐1,115 ‐309 ‐1,421 2005 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.2% ‐0.1%

2006 0 0 0 ‐1 ‐1,221 ‐313 ‐1,535 2006 0.0% 0.0% 0.0% 0.0% ‐0.8% ‐0.3% ‐0.2%

2007 0 0 0 3 ‐1,199 ‐358 ‐1,554 2007 0.0% 0.0% 0.0% 0.0% ‐0.9% ‐0.4% ‐0.2%

2008 0 0 0 2 ‐1,233 ‐342 ‐1,573 2008 0.0% 0.0% 0.0% 0.0% ‐1.3% ‐0.4% ‐0.2%

2009 0 0 0 7 ‐1,066 ‐277 ‐1,336 2009 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.2% ‐0.1%

2010 0 0 0 8 ‐984 ‐268 ‐1,244 2010 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.2% ‐0.1%

2011 0 0 0 2 ‐1,301 ‐350 ‐1,649 2011 0.0% 0.0% 0.0% 0.0% ‐1.0% ‐0.3% ‐0.2%

2012 0 0 0 2 ‐1,164 ‐381 ‐1,543 2012 0.0% 0.0% 0.0% 0.0% ‐1.0% ‐0.4% ‐0.2%

2013 0 0 0 6 ‐1,071 ‐208 ‐1,273 2013 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.1% ‐0.1%

AVG 0 0 0 2 ‐1,134 ‐297 ‐1,429 AVG 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.2% ‐0.1%
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M-3 
Hydro Generation 
Comparison 

Baseline – 2012 Water Use 

To 

Alternative 2A – 2012 Water Use 
with Union County 2050 Demand 

 

 
 

  



'Alt2A_UC2050_2012' less 'Base_2012' Difference (MWh) 'Alt2A_UC2050_2012' less 'Base_2012' Difference (%)

Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total

1955 3 0 ‐2,741 ‐820 ‐1,154 ‐288 ‐5,000 1955 0.0% 0.0% ‐0.9% ‐0.9% ‐0.8% ‐0.3% ‐0.6%

1956 4 3 ‐2,817 ‐726 ‐992 ‐257 ‐4,785 1956 0.0% 0.0% ‐0.9% ‐0.8% ‐0.7% ‐0.3% ‐0.6%

1957 4 1 ‐2,580 ‐630 ‐1,189 ‐281 ‐4,675 1957 0.0% 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.2% ‐0.4%

1958 2 ‐1 ‐2,402 ‐609 ‐1,105 61 ‐4,054 1958 0.0% 0.0% ‐0.5% ‐0.4% ‐0.4% 0.0% ‐0.3%

1959 ‐13 ‐6 ‐2,505 ‐723 ‐1,404 759 ‐3,892 1959 0.0% 0.0% ‐0.5% ‐0.5% ‐0.6% 0.5% ‐0.3%

1960 ‐1 1 ‐2,391 ‐701 ‐1,098 ‐196 ‐4,386 1960 0.0% 0.0% ‐0.4% ‐0.4% ‐0.4% ‐0.1% ‐0.3%

1961 ‐5 0 ‐2,642 ‐728 ‐1,145 77 ‐4,443 1961 0.0% 0.0% ‐0.6% ‐0.5% ‐0.5% 0.1% ‐0.4%

1962 7 12 ‐2,499 ‐766 ‐1,222 ‐140 ‐4,608 1962 0.0% 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.1% ‐0.3%

1963 4 0 ‐2,915 ‐803 ‐1,197 ‐323 ‐5,234 1963 0.0% 0.0% ‐0.8% ‐0.8% ‐0.7% ‐0.3% ‐0.5%

1964 ‐1 0 ‐2,511 ‐746 ‐991 ‐204 ‐4,453 1964 0.0% 0.0% ‐0.5% ‐0.5% ‐0.4% ‐0.1% ‐0.3%

1965 ‐3 2 ‐2,636 ‐739 ‐1,233 ‐231 ‐4,840 1965 0.0% 0.0% ‐0.5% ‐0.5% ‐0.6% ‐0.2% ‐0.4%

1966 29 1 ‐2,798 ‐744 ‐1,223 ‐297 ‐5,032 1966 0.0% 0.0% ‐0.8% ‐0.8% ‐0.8% ‐0.3% ‐0.5%

1967 4 2 ‐2,795 ‐774 ‐1,082 ‐358 ‐5,003 1967 0.0% 0.0% ‐0.9% ‐0.8% ‐0.8% ‐0.3% ‐0.6%

1968 ‐5 0 ‐2,672 ‐749 ‐1,215 ‐236 ‐4,877 1968 0.0% 0.0% ‐0.7% ‐0.7% ‐0.7% ‐0.2% ‐0.5%

1969 6 3 ‐2,840 ‐721 ‐1,036 ‐1,682 ‐6,270 1969 0.0% 0.0% ‐0.7% ‐0.6% ‐0.6% ‐1.3% ‐0.6%

1970 ‐1 1 ‐2,718 ‐759 ‐1,217 ‐46 ‐4,740 1970 0.0% 0.0% ‐0.7% ‐0.7% ‐0.8% 0.0% ‐0.5%

1971 ‐3 1 ‐2,446 ‐795 ‐1,166 ‐1,006 ‐5,415 1971 0.0% 0.0% ‐0.4% ‐0.5% ‐0.4% ‐0.6% ‐0.4%

1972 0 ‐4 ‐2,509 ‐756 ‐1,014 ‐963 ‐5,246 1972 0.0% 0.0% ‐0.5% ‐0.5% ‐0.4% ‐0.6% ‐0.4%

1973 0 ‐1 ‐2,353 ‐622 ‐1,041 ‐195 ‐4,212 1973 0.0% 0.0% ‐0.4% ‐0.4% ‐0.3% ‐0.1% ‐0.3%

1974 2 ‐41 ‐2,724 ‐791 ‐1,111 ‐242 ‐4,907 1974 0.0% 0.0% ‐0.5% ‐0.5% ‐0.4% ‐0.1% ‐0.3%

1975 1 0 ‐2,575 ‐696 ‐1,155 ‐188 ‐4,613 1975 0.0% 0.0% ‐0.4% ‐0.4% ‐0.4% ‐0.1% ‐0.3%

1976 ‐2 ‐7 ‐2,733 ‐722 ‐1,229 ‐346 ‐5,039 1976 0.0% 0.0% ‐0.6% ‐0.6% ‐0.6% ‐0.3% ‐0.4%

1977 11 12 ‐2,578 ‐664 ‐933 ‐303 ‐4,455 1977 0.0% 0.0% ‐0.6% ‐0.6% ‐0.5% ‐0.2% ‐0.4%

1978 3 0 ‐2,695 ‐730 ‐1,185 ‐256 ‐4,863 1978 0.0% 0.0% ‐0.6% ‐0.5% ‐0.5% ‐0.2% ‐0.4%

1979 1 1 ‐2,211 ‐846 ‐994 ‐181 ‐4,230 1979 0.0% 0.0% ‐0.4% ‐0.5% ‐0.3% ‐0.1% ‐0.3%

1980 ‐12 2 ‐2,672 ‐830 ‐1,142 ‐192 ‐4,846 1980 0.0% 0.0% ‐0.6% ‐0.6% ‐0.5% ‐0.1% ‐0.4%

1981 ‐5 20 ‐2,796 ‐892 ‐1,108 ‐254 ‐5,035 1981 0.0% 0.0% ‐0.9% ‐1.1% ‐0.9% ‐0.3% ‐0.6%

1982 6 11 ‐2,554 ‐849 ‐1,199 ‐248 ‐4,833 1982 0.0% 0.0% ‐0.6% ‐0.7% ‐0.6% ‐0.2% ‐0.4%

1983 1 3 ‐2,476 ‐689 ‐1,148 ‐236 ‐4,545 1983 0.0% 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.2% ‐0.3%

1984 0 0 ‐2,310 ‐753 ‐1,284 ‐250 ‐4,597 1984 0.0% 0.0% ‐0.4% ‐0.5% ‐0.5% ‐0.2% ‐0.3%

1985 5 3 ‐2,693 ‐800 ‐1,142 ‐282 ‐4,909 1985 0.0% 0.0% ‐0.7% ‐0.7% ‐0.6% ‐0.2% ‐0.5%

1986 19 ‐3 ‐2,916 ‐872 ‐1,233 ‐327 ‐5,332 1986 0.0% 0.0% ‐1.2% ‐1.3% ‐1.2% ‐0.4% ‐0.8%

1987 1 1 ‐2,434 ‐792 ‐1,164 ‐391 ‐4,779 1987 0.0% 0.0% ‐0.5% ‐0.6% ‐0.5% ‐0.3% ‐0.4%

1988 5 0 ‐3,103 ‐813 ‐1,261 ‐1,341 ‐6,513 1988 0.0% 0.0% ‐1.0% ‐1.0% ‐1.0% ‐1.3% ‐0.8%

1989 5 6 ‐2,633 ‐745 ‐1,192 375 ‐4,184 1989 0.0% 0.0% ‐0.5% ‐0.5% ‐0.5% 0.2% ‐0.3%

1990 0 1 ‐2,428 ‐680 ‐1,082 ‐64 ‐4,253 1990 0.0% 0.0% ‐0.4% ‐0.4% ‐0.3% 0.0% ‐0.3%

1991 2 ‐1 ‐2,425 ‐697 ‐1,153 ‐177 ‐4,451 1991 0.0% 0.0% ‐0.5% ‐0.5% ‐0.4% ‐0.1% ‐0.3%

1992 5 ‐4 ‐2,678 ‐597 ‐1,164 ‐23 ‐4,461 1992 0.0% 0.0% ‐0.5% ‐0.4% ‐0.5% 0.0% ‐0.3%

1993 ‐3 3 ‐2,505 ‐639 ‐1,095 85 ‐4,154 1993 0.0% 0.0% ‐0.5% ‐0.5% ‐0.4% 0.1% ‐0.3%

1994 ‐1 ‐1 ‐2,763 ‐675 ‐1,031 ‐269 ‐4,740 1994 0.0% 0.0% ‐0.6% ‐0.5% ‐0.5% ‐0.2% ‐0.4%

1995 7 7 ‐2,721 ‐661 ‐1,049 ‐245 ‐4,662 1995 0.0% 0.0% ‐0.6% ‐0.5% ‐0.5% ‐0.2% ‐0.4%

1996 2 0 ‐2,561 ‐882 ‐1,172 ‐555 ‐5,168 1996 0.0% 0.0% ‐0.6% ‐0.7% ‐0.6% ‐0.4% ‐0.4%

1997 ‐1 0 ‐2,718 ‐784 ‐1,142 ‐235 ‐4,880 1997 0.0% 0.0% ‐0.6% ‐0.6% ‐0.5% ‐0.2% ‐0.4%

1998 1 ‐1 ‐2,350 ‐799 ‐1,105 ‐339 ‐4,593 1998 0.0% 0.0% ‐0.5% ‐0.6% ‐0.5% ‐0.3% ‐0.4%

1999 12 ‐4 ‐2,928 ‐796 ‐1,301 ‐362 ‐5,379 1999 0.0% 0.0% ‐0.9% ‐0.9% ‐1.0% ‐0.3% ‐0.6%

2000 0 4 ‐2,793 ‐744 ‐1,241 ‐309 ‐5,083 2000 0.0% 0.0% ‐1.0% ‐1.0% ‐1.1% ‐0.3% ‐0.7%

2001 ‐8 ‐1 ‐2,070 ‐578 ‐732 ‐84 ‐3,473 2001 0.0% 0.0% ‐1.1% ‐1.1% ‐1.0% ‐0.1% ‐0.7%

2002 23 ‐30 ‐3,609 ‐912 ‐1,622 ‐297 ‐6,447 2002 0.0% 0.0% ‐1.5% ‐1.4% ‐1.6% ‐0.4% ‐1.0%

2003 ‐1 0 ‐1,992 ‐739 ‐1,023 ‐162 ‐3,917 2003 0.0% 0.0% ‐0.3% ‐0.4% ‐0.3% ‐0.1% ‐0.2%

2004 ‐2 1 ‐2,731 ‐810 ‐1,140 ‐280 ‐4,962 2004 0.0% 0.0% ‐0.6% ‐0.6% ‐0.6% ‐0.2% ‐0.4%

2005 0 1 ‐2,765 ‐736 ‐1,011 ‐281 ‐4,792 2005 0.0% 0.0% ‐0.6% ‐0.6% ‐0.5% ‐0.2% ‐0.4%

2006 ‐11 0 ‐2,837 ‐750 ‐1,209 ‐300 ‐5,107 2006 0.0% 0.0% ‐0.8% ‐0.8% ‐0.8% ‐0.3% ‐0.6%

2007 7 1 ‐2,941 ‐917 ‐1,133 ‐314 ‐5,297 2007 0.0% 0.0% ‐1.0% ‐1.1% ‐0.9% ‐0.3% ‐0.7%

2008 8 ‐2 ‐2,866 ‐901 ‐1,176 500 ‐4,437 2008 0.0% 0.0% ‐1.2% ‐1.3% ‐1.2% 0.6% ‐0.7%

2009 ‐2 2 ‐2,578 ‐776 ‐1,035 ‐222 ‐4,611 2009 0.0% 0.0% ‐0.6% ‐0.6% ‐0.5% ‐0.2% ‐0.4%

2010 3 0 ‐2,684 ‐714 ‐893 ‐232 ‐4,520 2010 0.0% 0.0% ‐0.6% ‐0.6% ‐0.4% ‐0.2% ‐0.4%

2011 ‐2 0 ‐2,800 ‐792 ‐1,210 ‐349 ‐5,153 2011 0.0% 0.0% ‐0.9% ‐0.9% ‐0.9% ‐0.3% ‐0.6%

2012 7 4 ‐2,784 ‐786 ‐1,185 ‐300 ‐5,044 2012 0.0% 0.0% ‐1.0% ‐1.0% ‐1.0% ‐0.3% ‐0.7%

2013 4 7 ‐2,242 ‐809 ‐1,027 112 ‐3,955 2013 0.0% 0.0% ‐0.4% ‐0.5% ‐0.4% 0.1% ‐0.3%

AVG 2 0 ‐2,638 ‐755 ‐1,138 ‐257 ‐4,786 AVG 0.0% 0.0% ‐0.6% ‐0.6% ‐0.6% ‐0.2% ‐0.4%
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M-4 
Hydro Generation 
Comparison 

Baseline – 2012 Water Use 

To 

Alternative 2B – 2012 Water Use 
with Union County 2050 Demand 

  

  



'Alt2B_UC2050_2012' less 'Base_2012' Difference (MWh) 'Alt2B_UC2050_2012' less 'Base_2012' Difference (%)

Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total

1955 43 ‐900 ‐2,762 ‐780 ‐1,171 ‐283 ‐5,853 1955 0.0% ‐0.9% ‐0.9% ‐0.9% ‐0.9% ‐0.3% ‐0.7%

1956 80 ‐917 ‐2,818 ‐691 ‐994 ‐267 ‐5,607 1956 0.1% ‐0.9% ‐0.9% ‐0.8% ‐0.7% ‐0.3% ‐0.7%

1957 20 ‐849 ‐2,448 ‐674 ‐1,182 ‐290 ‐5,423 1957 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.5% ‐0.2% ‐0.4%

1958 28 ‐827 ‐2,516 ‐487 ‐1,120 69 ‐4,853 1958 0.0% ‐0.5% ‐0.5% ‐0.3% ‐0.5% 0.0% ‐0.4%

1959 5 ‐849 ‐2,455 ‐792 ‐1,251 ‐233 ‐5,575 1959 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.5% ‐0.1% ‐0.4%

1960 40 ‐812 ‐2,325 ‐634 ‐1,072 ‐214 ‐5,017 1960 0.0% ‐0.4% ‐0.4% ‐0.4% ‐0.4% ‐0.1% ‐0.3%

1961 31 ‐880 ‐2,630 ‐777 ‐986 80 ‐5,162 1961 0.0% ‐0.6% ‐0.6% ‐0.6% ‐0.4% 0.1% ‐0.4%

1962 13 ‐838 ‐2,520 ‐758 ‐1,166 ‐142 ‐5,411 1962 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.5% ‐0.1% ‐0.4%

1963 25 ‐917 ‐2,887 ‐841 ‐1,196 ‐323 ‐6,139 1963 0.0% ‐0.8% ‐0.8% ‐0.8% ‐0.7% ‐0.3% ‐0.6%

1964 19 ‐853 ‐2,549 ‐750 ‐975 ‐193 ‐5,301 1964 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.4% ‐0.1% ‐0.4%

1965 21 ‐856 ‐2,712 ‐762 ‐1,031 ‐214 ‐5,554 1965 0.0% ‐0.6% ‐0.6% ‐0.6% ‐0.5% ‐0.1% ‐0.4%

1966 57 ‐902 ‐2,794 ‐794 ‐1,181 ‐302 ‐5,916 1966 0.1% ‐0.8% ‐0.8% ‐0.8% ‐0.8% ‐0.3% ‐0.6%

1967 34 ‐924 ‐2,788 ‐782 ‐1,106 ‐361 ‐5,927 1967 0.0% ‐0.9% ‐0.9% ‐0.9% ‐0.8% ‐0.3% ‐0.7%

1968 39 ‐941 ‐2,704 ‐818 ‐1,231 ‐252 ‐5,907 1968 0.0% ‐0.7% ‐0.7% ‐0.7% ‐0.7% ‐0.2% ‐0.6%

1969 29 ‐891 ‐2,872 ‐693 ‐1,115 ‐1,691 ‐7,233 1969 0.0% ‐0.7% ‐0.7% ‐0.6% ‐0.6% ‐1.3% ‐0.7%

1970 33 ‐874 ‐2,656 ‐709 ‐1,205 4 ‐5,407 1970 0.0% ‐0.8% ‐0.7% ‐0.7% ‐0.8% 0.0% ‐0.6%

1971 16 ‐805 ‐2,367 ‐849 ‐1,201 ‐203 ‐5,409 1971 0.0% ‐0.5% ‐0.4% ‐0.5% ‐0.4% ‐0.1% ‐0.4%

1972 24 ‐842 ‐2,522 ‐748 ‐1,026 ‐277 ‐5,391 1972 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.4% ‐0.2% ‐0.4%

1973 12 ‐816 ‐2,390 ‐618 ‐1,059 ‐188 ‐5,059 1973 0.0% ‐0.4% ‐0.4% ‐0.4% ‐0.3% ‐0.1% ‐0.3%

1974 28 ‐901 ‐2,690 ‐784 ‐1,126 ‐248 ‐5,721 1974 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.4% ‐0.2% ‐0.4%

1975 21 ‐791 ‐2,493 ‐687 ‐1,123 ‐166 ‐5,239 1975 0.0% ‐0.4% ‐0.4% ‐0.4% ‐0.4% ‐0.1% ‐0.3%

1976 39 ‐891 ‐2,787 ‐716 ‐1,294 ‐411 ‐6,060 1976 0.0% ‐0.6% ‐0.6% ‐0.6% ‐0.6% ‐0.3% ‐0.5%

1977 53 ‐899 ‐2,643 ‐611 ‐870 ‐283 ‐5,253 1977 0.0% ‐0.7% ‐0.6% ‐0.5% ‐0.5% ‐0.2% ‐0.5%

1978 26 ‐859 ‐2,668 ‐750 ‐1,152 ‐258 ‐5,661 1978 0.0% ‐0.6% ‐0.6% ‐0.6% ‐0.5% ‐0.2% ‐0.4%

1979 15 ‐798 ‐2,221 ‐815 ‐880 ‐147 ‐4,846 1979 0.0% ‐0.4% ‐0.4% ‐0.5% ‐0.3% ‐0.1% ‐0.3%

1980 27 ‐843 ‐2,589 ‐810 ‐1,161 ‐176 ‐5,552 1980 0.0% ‐0.6% ‐0.6% ‐0.6% ‐0.5% ‐0.1% ‐0.4%

1981 45 ‐900 ‐2,777 ‐907 ‐1,209 ‐181 ‐5,929 1981 0.1% ‐1.0% ‐0.9% ‐1.1% ‐1.0% ‐0.2% ‐0.7%

1982 20 ‐870 ‐2,544 ‐843 ‐1,228 ‐259 ‐5,724 1982 0.0% ‐0.6% ‐0.6% ‐0.6% ‐0.6% ‐0.2% ‐0.5%

1983 39 ‐840 ‐2,412 ‐792 ‐1,113 ‐236 ‐5,354 1983 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.4% ‐0.2% ‐0.4%

1984 27 ‐786 ‐2,361 ‐640 ‐1,310 46 ‐5,024 1984 0.0% ‐0.4% ‐0.4% ‐0.4% ‐0.5% 0.0% ‐0.3%

1985 46 ‐873 ‐2,589 ‐773 ‐1,077 ‐283 ‐5,549 1985 0.0% ‐0.7% ‐0.6% ‐0.7% ‐0.6% ‐0.2% ‐0.5%

1986 230 ‐1,135 ‐2,843 ‐877 ‐1,203 ‐320 ‐6,148 1986 0.3% ‐1.4% ‐1.1% ‐1.3% ‐1.2% ‐0.4% ‐0.9%

1987 27 ‐834 ‐2,429 ‐710 ‐1,172 ‐386 ‐5,504 1987 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.5% ‐0.3% ‐0.4%

1988 50 ‐956 ‐3,044 ‐800 ‐1,287 ‐1,326 ‐7,363 1988 0.1% ‐1.0% ‐1.0% ‐0.9% ‐1.0% ‐1.2% ‐0.9%

1989 23 ‐834 ‐2,655 ‐713 ‐1,159 358 ‐4,980 1989 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.5% 0.2% ‐0.4%

1990 19 ‐774 ‐2,356 ‐696 ‐1,060 ‐47 ‐4,914 1990 0.0% ‐0.4% ‐0.4% ‐0.4% ‐0.3% 0.0% ‐0.3%

1991 21 ‐836 ‐2,547 ‐628 ‐1,139 ‐147 ‐5,276 1991 0.0% ‐0.5% ‐0.5% ‐0.4% ‐0.4% ‐0.1% ‐0.4%

1992 11 ‐825 ‐2,780 ‐564 ‐1,183 ‐21 ‐5,362 1992 0.0% ‐0.5% ‐0.5% ‐0.4% ‐0.5% 0.0% ‐0.4%

1993 22 ‐798 ‐2,453 ‐623 ‐1,090 ‐238 ‐5,180 1993 0.0% ‐0.5% ‐0.5% ‐0.4% ‐0.4% ‐0.2% ‐0.4%

1994 25 ‐865 ‐2,721 ‐701 ‐1,096 ‐243 ‐5,601 1994 0.0% ‐0.6% ‐0.6% ‐0.5% ‐0.5% ‐0.2% ‐0.5%

1995 15 ‐847 ‐2,616 ‐629 ‐1,017 ‐165 ‐5,259 1995 0.0% ‐0.6% ‐0.6% ‐0.5% ‐0.5% ‐0.1% ‐0.4%

1996 16 ‐855 ‐2,406 ‐855 ‐1,134 ‐541 ‐5,775 1996 0.0% ‐0.6% ‐0.5% ‐0.7% ‐0.5% ‐0.4% ‐0.5%

1997 15 ‐854 ‐2,616 ‐762 ‐1,054 ‐220 ‐5,491 1997 0.0% ‐0.6% ‐0.5% ‐0.6% ‐0.5% ‐0.2% ‐0.4%

1998 34 ‐839 ‐2,266 ‐806 ‐1,072 ‐279 ‐5,228 1998 0.0% ‐0.5% ‐0.5% ‐0.6% ‐0.5% ‐0.2% ‐0.4%

1999 63 ‐964 ‐2,951 ‐788 ‐1,208 ‐294 ‐6,142 1999 0.1% ‐1.0% ‐0.9% ‐0.9% ‐0.9% ‐0.3% ‐0.7%

2000 286 ‐1,167 ‐2,661 ‐715 ‐1,260 ‐304 ‐5,821 2000 0.4% ‐1.4% ‐1.0% ‐1.0% ‐1.1% ‐0.3% ‐0.8%

2001 589 ‐1,051 ‐1,852 ‐590 ‐721 ‐89 ‐3,714 2001 1.1% ‐1.8% ‐1.0% ‐1.2% ‐1.0% ‐0.1% ‐0.8%

2002 384 ‐1,541 ‐3,218 ‐831 ‐1,609 ‐277 ‐7,092 2002 0.6% ‐2.0% ‐1.4% ‐1.3% ‐1.6% ‐0.3% ‐1.1%

2003 10 ‐759 ‐1,973 ‐661 ‐999 ‐242 ‐4,624 2003 0.0% ‐0.4% ‐0.3% ‐0.4% ‐0.3% ‐0.1% ‐0.3%

2004 35 ‐899 ‐2,676 ‐857 ‐1,158 ‐311 ‐5,866 2004 0.0% ‐0.6% ‐0.6% ‐0.7% ‐0.6% ‐0.2% ‐0.5%

2005 20 ‐887 ‐2,702 ‐761 ‐1,038 ‐281 ‐5,649 2005 0.0% ‐0.6% ‐0.6% ‐0.6% ‐0.5% ‐0.2% ‐0.5%

2006 20 ‐920 ‐2,841 ‐732 ‐1,245 ‐323 ‐6,041 2006 0.0% ‐0.9% ‐0.8% ‐0.8% ‐0.9% ‐0.3% ‐0.7%

2007 345 ‐1,251 ‐2,815 ‐967 ‐1,076 ‐306 ‐6,070 2007 0.4% ‐1.3% ‐1.0% ‐1.2% ‐0.8% ‐0.3% ‐0.8%

2008 157 ‐1,049 ‐2,753 ‐929 ‐1,179 482 ‐5,271 2008 0.2% ‐1.4% ‐1.1% ‐1.4% ‐1.2% 0.6% ‐0.8%

2009 27 ‐836 ‐2,579 ‐703 ‐1,006 ‐193 ‐5,290 2009 0.0% ‐0.6% ‐0.6% ‐0.6% ‐0.5% ‐0.1% ‐0.5%

2010 37 ‐837 ‐2,617 ‐698 ‐898 ‐186 ‐5,199 2010 0.0% ‐0.6% ‐0.6% ‐0.6% ‐0.4% ‐0.1% ‐0.4%

2011 38 ‐946 ‐2,835 ‐784 ‐1,193 ‐343 ‐6,063 2011 0.0% ‐1.0% ‐0.9% ‐0.9% ‐0.9% ‐0.3% ‐0.7%

2012 44 ‐932 ‐2,772 ‐780 ‐1,113 ‐308 ‐5,861 2012 0.1% ‐1.1% ‐1.0% ‐1.0% ‐1.0% ‐0.3% ‐0.8%

2013 6 ‐816 ‐2,294 ‐994 ‐1,163 99 ‐5,162 2013 0.0% ‐0.4% ‐0.4% ‐0.6% ‐0.4% 0.1% ‐0.3%

AVG 60 ‐896 ‐2,606 ‐750 ‐1,124 ‐243 ‐5,559 AVG 0.0% ‐0.6% ‐0.6% ‐0.6% ‐0.5% ‐0.2% ‐0.5%
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M-5 
Hydro Generation 
Comparison 

Baseline – 2012 Water Use 

To 

Alternative 3 – 2012 Water Use with 
Union County 2050 Demand 

 

 
 

  



'Alt3_UC2050_2012' less 'Base_2012' Difference (MWh) 'Alt3_UC2050_2012' less 'Base_2012' Difference (%)

Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total

1955 0 0 0 1 6 ‐351 ‐344 1955 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1956 0 0 0 1 ‐24 ‐335 ‐358 1956 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1957 0 0 0 ‐1 ‐3 ‐261 ‐265 1957 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1958 0 0 0 ‐1 42 ‐173 ‐132 1958 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1959 0 0 0 0 ‐19 ‐167 ‐186 1959 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1960 0 0 0 ‐1 13 ‐245 ‐233 1960 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1961 0 0 0 ‐2 12 ‐285 ‐275 1961 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1962 0 0 0 0 ‐7 ‐270 ‐277 1962 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1963 0 0 8 2 22 ‐344 ‐312 1963 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1964 0 0 ‐4 0 17 ‐276 ‐263 1964 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1965 0 0 0 ‐1 ‐32 ‐345 ‐378 1965 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1966 0 0 0 0 ‐3 ‐343 ‐346 1966 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1967 0 0 0 0 ‐1 ‐356 ‐357 1967 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1968 0 0 0 ‐1 13 ‐315 ‐303 1968 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1969 0 0 ‐2 0 35 ‐1,694 ‐1,661 1969 0.0% 0.0% 0.0% 0.0% 0.0% ‐1.3% ‐0.2%

1970 0 0 0 0 0 ‐341 ‐341 1970 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1971 0 0 0 ‐3 15 ‐248 ‐236 1971 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1972 0 0 0 ‐1 37 ‐898 ‐862 1972 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

1973 0 0 0 ‐2 33 ‐197 ‐166 1973 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1974 0 0 0 0 34 ‐262 ‐228 1974 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1975 0 0 0 ‐2 47 ‐189 ‐144 1975 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1976 0 0 0 0 ‐1 ‐302 ‐303 1976 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1977 0 0 0 1 8 ‐341 ‐332 1977 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1978 0 0 0 0 19 ‐287 ‐268 1978 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1979 0 0 0 ‐3 24 ‐125 ‐104 1979 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1980 0 0 0 0 8 ‐300 ‐292 1980 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1981 0 0 0 ‐1 ‐4 ‐337 ‐342 1981 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1982 0 0 0 ‐1 11 ‐284 ‐274 1982 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1983 0 0 0 ‐1 14 ‐270 ‐257 1983 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1984 0 0 0 ‐1 3 ‐233 ‐231 1984 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1985 0 0 0 ‐1 3 ‐306 ‐304 1985 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1986 0 0 0 0 ‐19 ‐381 ‐400 1986 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.1%

1987 0 0 0 ‐2 23 ‐265 ‐244 1987 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1988 0 0 0 0 ‐19 ‐360 ‐379 1988 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1989 0 0 0 0 23 ‐245 ‐222 1989 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1990 0 0 0 ‐1 21 ‐230 ‐210 1990 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1991 0 0 0 0 1 ‐250 ‐249 1991 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1992 0 0 0 1 21 ‐262 ‐240 1992 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1993 0 0 0 0 2 ‐297 ‐295 1993 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1994 0 0 0 ‐2 4 ‐308 ‐306 1994 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1995 0 0 0 ‐2 13 ‐269 ‐258 1995 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1996 0 0 0 ‐4 0 ‐298 ‐302 1996 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1997 0 0 0 ‐1 ‐11 ‐299 ‐311 1997 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1998 0 0 0 ‐1 11 ‐282 ‐272 1998 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1999 0 0 0 0 ‐2 ‐355 ‐357 1999 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

2000 0 0 0 0 22 ‐373 ‐351 2000 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

2001 0 0 0 0 0 ‐376 ‐376 2001 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

2002 0 0 0 0 ‐12 ‐340 ‐352 2002 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.1%

2003 0 0 0 0 17 ‐163 ‐146 2003 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

2004 0 0 0 2 ‐15 ‐309 ‐322 2004 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

2005 0 0 0 ‐2 2 ‐312 ‐312 2005 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

2006 0 0 0 ‐2 11 ‐324 ‐315 2006 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

2007 0 0 0 1 ‐32 ‐359 ‐390 2007 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.1%

2008 0 0 0 0 ‐14 ‐365 ‐379 2008 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.1%

2009 0 0 0 ‐1 19 ‐294 ‐276 2009 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

2010 0 0 0 ‐1 27 ‐274 ‐248 2010 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

2011 0 0 0 0 ‐2 ‐361 ‐363 2011 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

2012 0 0 0 0 7 ‐389 ‐382 2012 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.1%

2013 0 0 0 0 ‐13 ‐226 ‐239 2013 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

AVG 0 0 0 ‐1 7 ‐326 ‐320 AVG 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%
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M-6 
Hydro Generation 
Comparison 

Baseline – 2012 Water Use 

To 

Alternative 4 – 2012 Water Use with 
Union County 2050 Demand 

 

 
 

  



'Alt4_UC2050_2012' less 'Base_2012' Difference (MWh) 'Alt4_UC2050_2012' less 'Base_2012' Difference (%)

Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total

1955 0 0 0 1 6 ‐351 ‐344 1955 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1956 0 0 0 1 ‐24 ‐335 ‐358 1956 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1957 0 0 0 ‐1 ‐3 ‐261 ‐265 1957 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1958 0 0 0 ‐1 42 ‐173 ‐132 1958 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1959 0 0 0 0 ‐19 ‐167 ‐186 1959 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1960 0 0 0 ‐1 13 ‐245 ‐233 1960 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1961 0 0 0 ‐2 12 ‐285 ‐275 1961 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1962 0 0 0 0 ‐7 ‐270 ‐277 1962 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1963 0 0 8 2 22 ‐344 ‐312 1963 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1964 0 0 ‐4 0 17 ‐276 ‐263 1964 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1965 0 0 0 ‐1 ‐32 ‐345 ‐378 1965 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1966 0 0 0 0 ‐3 ‐343 ‐346 1966 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1967 0 0 0 0 ‐1 ‐356 ‐357 1967 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1968 0 0 0 ‐1 13 ‐315 ‐303 1968 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1969 0 0 ‐2 0 35 ‐1,694 ‐1,661 1969 0.0% 0.0% 0.0% 0.0% 0.0% ‐1.3% ‐0.2%

1970 0 0 0 0 0 ‐341 ‐341 1970 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1971 0 0 0 ‐3 15 ‐248 ‐236 1971 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1972 0 0 0 ‐1 37 ‐898 ‐862 1972 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

1973 0 0 0 ‐2 33 ‐197 ‐166 1973 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1974 0 0 0 0 34 ‐262 ‐228 1974 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1975 0 0 0 ‐2 47 ‐189 ‐144 1975 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1976 0 0 0 0 ‐1 ‐302 ‐303 1976 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1977 0 0 0 1 8 ‐341 ‐332 1977 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1978 0 0 0 0 19 ‐287 ‐268 1978 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1979 0 0 0 ‐3 24 ‐125 ‐104 1979 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1980 0 0 0 0 8 ‐300 ‐292 1980 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1981 0 0 0 ‐1 ‐4 ‐337 ‐342 1981 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1982 0 0 0 ‐1 11 ‐284 ‐274 1982 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1983 0 0 0 ‐1 14 ‐270 ‐257 1983 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1984 0 0 0 ‐1 3 ‐233 ‐231 1984 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1985 0 0 0 ‐1 3 ‐306 ‐304 1985 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1986 0 0 0 0 ‐19 ‐381 ‐400 1986 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.1%

1987 0 0 0 ‐2 23 ‐265 ‐244 1987 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1988 0 0 0 0 ‐19 ‐360 ‐379 1988 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1989 0 0 0 0 23 ‐245 ‐222 1989 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1990 0 0 0 ‐1 21 ‐230 ‐210 1990 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1991 0 0 0 0 1 ‐250 ‐249 1991 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1992 0 0 0 1 21 ‐262 ‐240 1992 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1993 0 0 0 0 2 ‐297 ‐295 1993 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1994 0 0 0 ‐2 4 ‐308 ‐306 1994 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1995 0 0 0 ‐2 13 ‐269 ‐258 1995 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1996 0 0 0 ‐4 0 ‐298 ‐302 1996 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1997 0 0 0 ‐1 ‐11 ‐299 ‐311 1997 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1998 0 0 0 ‐1 11 ‐282 ‐272 1998 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1999 0 0 0 0 ‐2 ‐355 ‐357 1999 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

2000 0 0 0 0 22 ‐373 ‐351 2000 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

2001 0 0 0 0 0 ‐376 ‐376 2001 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

2002 0 0 0 0 ‐12 ‐340 ‐352 2002 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.1%

2003 0 0 0 0 17 ‐163 ‐146 2003 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

2004 0 0 0 2 ‐15 ‐309 ‐322 2004 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

2005 0 0 0 ‐2 2 ‐312 ‐312 2005 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

2006 0 0 0 ‐2 11 ‐324 ‐315 2006 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

2007 0 0 0 1 ‐32 ‐359 ‐390 2007 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.1%

2008 0 0 0 0 ‐14 ‐365 ‐379 2008 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.1%

2009 0 0 0 ‐1 19 ‐294 ‐276 2009 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

2010 0 0 0 ‐1 27 ‐274 ‐248 2010 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

2011 0 0 0 0 ‐2 ‐361 ‐363 2011 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

2012 0 0 0 0 7 ‐389 ‐382 2012 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.1%

2013 0 0 0 0 ‐13 ‐226 ‐239 2013 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%
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M-7 
Hydro Generation 
Comparison 

Baseline – 2012 Water Use 

To 

Alternative 5 – 2012 Water Use with 
Union County 2050 Demand 

 

 
 

  



'Alt5_UC2050_2012' less 'Base_2012' Difference (MWh) 'Alt5_UC2050_2012' less 'Base_2012' Difference (%)

Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total

1955 0 0 0 1 6 ‐351 ‐344 1955 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1956 0 0 0 1 ‐24 ‐335 ‐358 1956 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1957 0 0 0 ‐1 ‐3 ‐261 ‐265 1957 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1958 0 0 0 ‐1 42 ‐173 ‐132 1958 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1959 0 0 0 0 ‐19 ‐167 ‐186 1959 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1960 0 0 0 ‐1 13 ‐245 ‐233 1960 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1961 0 0 0 ‐2 12 ‐285 ‐275 1961 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1962 0 0 0 0 ‐7 ‐270 ‐277 1962 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1963 0 0 8 2 22 ‐344 ‐312 1963 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1964 0 0 ‐4 0 17 ‐276 ‐263 1964 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1965 0 0 0 ‐1 ‐32 ‐345 ‐378 1965 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1966 0 0 0 0 ‐3 ‐343 ‐346 1966 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1967 0 0 0 0 ‐1 ‐356 ‐357 1967 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1968 0 0 0 ‐1 13 ‐315 ‐303 1968 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1969 0 0 ‐2 0 35 ‐1,694 ‐1,661 1969 0.0% 0.0% 0.0% 0.0% 0.0% ‐1.3% ‐0.2%

1970 0 0 0 0 0 ‐341 ‐341 1970 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1971 0 0 0 ‐3 15 ‐248 ‐236 1971 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1972 0 0 0 ‐1 37 ‐898 ‐862 1972 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

1973 0 0 0 ‐2 33 ‐197 ‐166 1973 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1974 0 0 0 0 34 ‐262 ‐228 1974 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1975 0 0 0 ‐2 47 ‐189 ‐144 1975 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1976 0 0 0 0 ‐1 ‐302 ‐303 1976 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1977 0 0 0 1 8 ‐341 ‐332 1977 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1978 0 0 0 0 19 ‐287 ‐268 1978 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1979 0 0 0 ‐3 24 ‐125 ‐104 1979 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1980 0 0 0 0 8 ‐300 ‐292 1980 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1981 0 0 0 ‐1 ‐4 ‐337 ‐342 1981 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1982 0 0 0 ‐1 11 ‐284 ‐274 1982 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1983 0 0 0 ‐1 14 ‐270 ‐257 1983 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1984 0 0 0 ‐1 3 ‐233 ‐231 1984 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1985 0 0 0 ‐1 3 ‐306 ‐304 1985 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1986 0 0 0 0 ‐19 ‐381 ‐400 1986 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.1%

1987 0 0 0 ‐2 23 ‐265 ‐244 1987 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1988 0 0 0 0 ‐19 ‐360 ‐379 1988 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1989 0 0 0 0 23 ‐245 ‐222 1989 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1990 0 0 0 ‐1 21 ‐230 ‐210 1990 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1991 0 0 0 0 1 ‐250 ‐249 1991 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1992 0 0 0 1 21 ‐262 ‐240 1992 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1993 0 0 0 0 2 ‐297 ‐295 1993 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1994 0 0 0 ‐2 4 ‐308 ‐306 1994 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1995 0 0 0 ‐2 13 ‐269 ‐258 1995 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1996 0 0 0 ‐4 0 ‐298 ‐302 1996 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1997 0 0 0 ‐1 ‐11 ‐299 ‐311 1997 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1998 0 0 0 ‐1 11 ‐282 ‐272 1998 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1999 0 0 0 0 ‐2 ‐355 ‐357 1999 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

2000 0 0 0 0 22 ‐373 ‐351 2000 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

2001 0 0 0 0 0 ‐376 ‐376 2001 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

2002 0 0 0 0 ‐12 ‐340 ‐352 2002 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.1%

2003 0 0 0 0 17 ‐163 ‐146 2003 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

2004 0 0 0 2 ‐15 ‐309 ‐322 2004 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

2005 0 0 0 ‐2 2 ‐312 ‐312 2005 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

2006 0 0 0 ‐2 11 ‐324 ‐315 2006 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

2007 0 0 0 1 ‐32 ‐359 ‐390 2007 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.1%

2008 0 0 0 0 ‐14 ‐365 ‐379 2008 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.1%

2009 0 0 0 ‐1 19 ‐294 ‐276 2009 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

2010 0 0 0 ‐1 27 ‐274 ‐248 2010 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

2011 0 0 0 0 ‐2 ‐361 ‐363 2011 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

2012 0 0 0 0 7 ‐389 ‐382 2012 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.1%

2013 0 0 0 0 ‐13 ‐226 ‐239 2013 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

AVG 0 0 0 ‐1 7 ‐326 ‐320 AVG 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%
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M-8  
Hydro Generation 
Comparison 

Baseline – 2012 Water Use 

To 

Alternative 11 – 2012 Water Use 
with Union County 2050 Demand 

 

 
 

  



'Alt5_UC2050_2012' less 'Base_2012' Difference (MWh) 'Alt5_UC2050_2012' less 'Base_2012' Difference (%)

Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total

1955 0 0 0 1 6 ‐351 ‐344 1955 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1956 0 0 0 1 ‐24 ‐335 ‐358 1956 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1957 0 0 0 ‐1 ‐3 ‐261 ‐265 1957 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1958 0 0 0 ‐1 42 ‐173 ‐132 1958 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1959 0 0 0 0 ‐19 ‐167 ‐186 1959 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1960 0 0 0 ‐1 13 ‐245 ‐233 1960 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1961 0 0 0 ‐2 12 ‐285 ‐275 1961 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1962 0 0 0 0 ‐7 ‐270 ‐277 1962 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1963 0 0 8 2 22 ‐344 ‐312 1963 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1964 0 0 ‐4 0 17 ‐276 ‐263 1964 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1965 0 0 0 ‐1 ‐32 ‐345 ‐378 1965 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1966 0 0 0 0 ‐3 ‐343 ‐346 1966 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1967 0 0 0 0 ‐1 ‐356 ‐357 1967 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1968 0 0 0 ‐1 13 ‐315 ‐303 1968 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1969 0 0 ‐2 0 35 ‐1,694 ‐1,661 1969 0.0% 0.0% 0.0% 0.0% 0.0% ‐1.3% ‐0.2%

1970 0 0 0 0 0 ‐341 ‐341 1970 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1971 0 0 0 ‐3 15 ‐248 ‐236 1971 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1972 0 0 0 ‐1 37 ‐898 ‐862 1972 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

1973 0 0 0 ‐2 33 ‐197 ‐166 1973 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1974 0 0 0 0 34 ‐262 ‐228 1974 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1975 0 0 0 ‐2 47 ‐189 ‐144 1975 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1976 0 0 0 0 ‐1 ‐302 ‐303 1976 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1977 0 0 0 1 8 ‐341 ‐332 1977 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1978 0 0 0 0 19 ‐287 ‐268 1978 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1979 0 0 0 ‐3 24 ‐125 ‐104 1979 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1980 0 0 0 0 8 ‐300 ‐292 1980 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1981 0 0 0 ‐1 ‐4 ‐337 ‐342 1981 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1982 0 0 0 ‐1 11 ‐284 ‐274 1982 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1983 0 0 0 ‐1 14 ‐270 ‐257 1983 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1984 0 0 0 ‐1 3 ‐233 ‐231 1984 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1985 0 0 0 ‐1 3 ‐306 ‐304 1985 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1986 0 0 0 0 ‐19 ‐381 ‐400 1986 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.1%

1987 0 0 0 ‐2 23 ‐265 ‐244 1987 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1988 0 0 0 0 ‐19 ‐360 ‐379 1988 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1989 0 0 0 0 23 ‐245 ‐222 1989 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1990 0 0 0 ‐1 21 ‐230 ‐210 1990 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1991 0 0 0 0 1 ‐250 ‐249 1991 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1992 0 0 0 1 21 ‐262 ‐240 1992 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1993 0 0 0 0 2 ‐297 ‐295 1993 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1994 0 0 0 ‐2 4 ‐308 ‐306 1994 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1995 0 0 0 ‐2 13 ‐269 ‐258 1995 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1996 0 0 0 ‐4 0 ‐298 ‐302 1996 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1997 0 0 0 ‐1 ‐11 ‐299 ‐311 1997 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1998 0 0 0 ‐1 11 ‐282 ‐272 1998 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1999 0 0 0 0 ‐2 ‐355 ‐357 1999 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

2000 0 0 0 0 22 ‐373 ‐351 2000 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

2001 0 0 0 0 0 ‐376 ‐376 2001 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

2002 0 0 0 0 ‐12 ‐340 ‐352 2002 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.1%

2003 0 0 0 0 17 ‐163 ‐146 2003 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

2004 0 0 0 2 ‐15 ‐309 ‐322 2004 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

2005 0 0 0 ‐2 2 ‐312 ‐312 2005 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

2006 0 0 0 ‐2 11 ‐324 ‐315 2006 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

2007 0 0 0 1 ‐32 ‐359 ‐390 2007 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.1%

2008 0 0 0 0 ‐14 ‐365 ‐379 2008 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.1%

2009 0 0 0 ‐1 19 ‐294 ‐276 2009 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

2010 0 0 0 ‐1 27 ‐274 ‐248 2010 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

2011 0 0 0 0 ‐2 ‐361 ‐363 2011 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

2012 0 0 0 0 7 ‐389 ‐382 2012 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.1%

2013 0 0 0 0 ‐13 ‐226 ‐239 2013 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0%

AVG 0 0 0 ‐1 7 ‐326 ‐320 AVG 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%
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N-1 
Hydro Generation 
Comparison 

Baseline – 2050 Water Use 

To 

Alternative 1 – 2050 Water Use with 
Union County 2050 Demand 

 

 
 

  



'Alt1_2050' less 'Base_2050' Difference (MWh) 'Alt1_2050' less 'Base_2050' Difference (%)

Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total

1955 0 0 0 3 ‐1,216 ‐580 ‐1,793 1955 0.0% 0.0% 0.0% 0.0% ‐0.9% ‐0.6% ‐0.2%

1956 0 0 0 0 ‐1,204 ‐585 ‐1,789 1956 0.0% 0.0% 0.0% 0.0% ‐0.9% ‐0.6% ‐0.2%

1957 0 0 0 4 ‐1,154 ‐476 ‐1,626 1957 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.3% ‐0.1%

1958 0 0 0 2 ‐1,138 ‐470 ‐1,606 1958 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.3% ‐0.1%

1959 0 0 0 13 ‐1,184 ‐454 ‐1,625 1959 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.3% ‐0.1%

1960 0 0 0 3 ‐1,037 ‐405 ‐1,439 1960 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.3% ‐0.1%

1961 0 0 0 3 ‐1,138 ‐519 ‐1,654 1961 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.4% ‐0.1%

1962 0 0 0 8 ‐1,146 ‐449 ‐1,587 1962 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.3% ‐0.1%

1963 0 0 0 ‐2 ‐1,148 ‐586 ‐1,736 1963 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐0.5% ‐0.2%

1964 0 0 0 0 ‐1,023 ‐487 ‐1,510 1964 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.3% ‐0.1%

1965 0 0 0 4 ‐1,144 ‐471 ‐1,611 1965 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.3% ‐0.1%

1966 0 0 0 ‐1 ‐1,157 ‐610 ‐1,768 1966 0.0% 0.0% 0.0% 0.0% ‐0.8% ‐0.6% ‐0.2%

1967 0 0 0 ‐2 ‐1,206 ‐594 ‐1,802 1967 0.0% 0.0% 0.0% 0.0% ‐0.9% ‐0.6% ‐0.2%

1968 0 0 0 1 ‐1,173 ‐583 ‐1,755 1968 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐0.5% ‐0.2%

1969 0 0 0 5 ‐1,229 ‐579 ‐1,803 1969 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐0.5% ‐0.2%

1970 0 0 0 6 ‐1,187 ‐602 ‐1,783 1970 0.0% 0.0% 0.0% 0.0% ‐0.8% ‐0.5% ‐0.2%

1971 0 0 0 ‐5 ‐1,107 ‐410 ‐1,522 1971 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.2% ‐0.1%

1972 0 0 0 0 ‐1,165 ‐440 ‐1,605 1972 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.3% ‐0.1%

1973 0 0 0 4 ‐1,214 ‐417 ‐1,627 1973 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.2% ‐0.1%

1974 0 0 0 5 ‐1,161 ‐449 ‐1,605 1974 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.3% ‐0.1%

1975 0 0 0 7 ‐1,188 ‐495 ‐1,676 1975 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.3% ‐0.1%

1976 0 0 0 0 ‐1,177 ‐504 ‐1,681 1976 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.4% ‐0.1%

1977 0 0 0 5 ‐1,097 ‐573 ‐1,665 1977 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.5% ‐0.2%

1978 0 0 0 ‐1 ‐1,093 ‐483 ‐1,577 1978 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.3% ‐0.1%

1979 0 0 0 ‐5 ‐977 ‐383 ‐1,365 1979 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.2% ‐0.1%

1980 0 0 0 4 ‐1,209 ‐525 ‐1,730 1980 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.4% ‐0.1%

1981 0 0 0 ‐5 ‐1,176 ‐632 ‐1,813 1981 0.0% 0.0% 0.0% 0.0% ‐1.0% ‐0.7% ‐0.2%

1982 0 0 0 0 ‐1,154 ‐485 ‐1,639 1982 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.3% ‐0.1%

1983 0 0 0 ‐4 ‐1,121 ‐501 ‐1,626 1983 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.4% ‐0.1%

1984 0 0 0 ‐6 ‐1,033 ‐478 ‐1,517 1984 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.3% ‐0.1%

1985 0 0 0 1 ‐1,144 ‐514 ‐1,657 1985 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.4% ‐0.2%

1986 0 0 0 2 ‐1,248 ‐648 ‐1,894 1986 0.0% 0.0% 0.0% 0.0% ‐1.3% ‐0.8% ‐0.3%

1987 0 0 0 4 ‐1,188 ‐462 ‐1,646 1987 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.3% ‐0.1%

1988 0 0 0 3 ‐1,275 ‐644 ‐1,916 1988 0.0% 0.0% 0.0% 0.0% ‐1.1% ‐0.6% ‐0.2%

1989 0 0 0 5 ‐1,265 ‐445 ‐1,705 1989 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.3% ‐0.1%

1990 0 0 0 4 ‐1,022 ‐299 ‐1,317 1990 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.2% ‐0.1%

1991 0 0 0 3 ‐1,232 ‐439 ‐1,668 1991 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.3% ‐0.1%

1992 0 0 0 1 ‐1,074 ‐449 ‐1,522 1992 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.3% ‐0.1%

1993 0 0 0 4 ‐1,188 ‐458 ‐1,642 1993 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.3% ‐0.1%

1994 0 0 0 7 ‐1,235 ‐514 ‐1,742 1994 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.4% ‐0.1%

1995 0 0 0 0 ‐1,098 ‐493 ‐1,591 1995 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.4% ‐0.1%

1996 0 0 0 0 ‐1,092 ‐506 ‐1,598 1996 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.4% ‐0.1%

1997 0 0 0 1 ‐1,169 ‐508 ‐1,676 1997 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.4% ‐0.1%

1998 0 0 0 3 ‐1,141 ‐457 ‐1,595 1998 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.3% ‐0.1%

1999 0 0 0 4 ‐1,270 ‐574 ‐1,840 1999 0.0% 0.0% 0.0% 0.0% ‐1.0% ‐0.6% ‐0.2%

2000 0 0 0 3 ‐1,254 ‐660 ‐1,911 2000 0.0% 0.0% 0.0% 0.0% ‐1.2% ‐0.8% ‐0.3%

2001 0 0 0 ‐2 ‐943 ‐677 ‐1,622 2001 0.0% 0.0% 0.0% 0.0% ‐1.4% ‐1.1% ‐0.3%

2002 0 0 0 38 ‐1,178 ‐756 ‐1,896 2002 0.0% 0.0% 0.0% 0.1% ‐1.3% ‐1.0% ‐0.3%

2003 0 0 0 7 ‐1,234 ‐346 ‐1,573 2003 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.2% ‐0.1%

2004 0 0 0 ‐2 ‐1,141 ‐578 ‐1,721 2004 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.4% ‐0.1%

2005 0 0 0 1 ‐1,153 ‐573 ‐1,725 2005 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.4% ‐0.1%

2006 0 0 0 2 ‐1,159 ‐633 ‐1,790 2006 0.0% 0.0% 0.0% 0.0% ‐0.8% ‐0.6% ‐0.2%

2007 0 0 0 2 ‐1,312 ‐666 ‐1,976 2007 0.0% 0.0% 0.0% 0.0% ‐1.1% ‐0.7% ‐0.3%

2008 0 0 0 ‐1 ‐1,251 ‐645 ‐1,897 2008 0.0% 0.0% 0.0% 0.0% ‐1.4% ‐0.8% ‐0.3%

2009 0 0 0 3 ‐1,073 ‐485 ‐1,555 2009 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.4% ‐0.1%

2010 0 0 0 5 ‐1,301 ‐532 ‐1,828 2010 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.4% ‐0.2%

2011 0 0 0 ‐1 ‐1,257 ‐620 ‐1,878 2011 0.0% 0.0% 0.0% 0.0% ‐1.0% ‐0.6% ‐0.2%

2012 0 0 0 ‐1 ‐1,028 ‐675 ‐1,704 2012 0.0% 0.0% 0.0% 0.0% ‐0.9% ‐0.7% ‐0.2%

2013 0 0 0 5 ‐1,081 ‐414 ‐1,490 2013 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.3% ‐0.1%

AVG 0 0 0 2 ‐1,159 ‐524 ‐1,680 AVG 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.4% ‐0.1%
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N-2 
Hydro Generation 
Comparison 

Baseline – 2050 Water Use 

To 

Alternative 2A – 2050 Water Use 
with Union County 2050 Demand 

 

 
 

  



'Alt2A_2050' less 'Base_2050' Difference (MWh) 'Alt2A_2050' less 'Base_2050' Difference (%)

Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total

1955 3 0 ‐2,746 ‐788 ‐1,181 ‐555 ‐5,267 1955 0.0% 0.0% ‐0.9% ‐0.9% ‐0.9% ‐0.6% ‐0.6%

1956 ‐1 ‐1 ‐2,772 ‐684 ‐1,185 ‐519 ‐5,162 1956 0.0% 0.0% ‐0.9% ‐0.8% ‐0.9% ‐0.5% ‐0.6%

1957 ‐9 0 ‐2,533 ‐747 ‐1,075 ‐467 ‐4,831 1957 0.0% 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.3% ‐0.4%

1958 ‐34 ‐12 ‐2,473 ‐738 ‐1,124 ‐489 ‐4,870 1958 0.0% 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.3% ‐0.4%

1959 3 3 ‐2,347 ‐757 ‐1,039 ‐556 ‐4,693 1959 0.0% 0.0% ‐0.4% ‐0.5% ‐0.4% ‐0.3% ‐0.3%

1960 ‐3 0 ‐2,408 ‐566 ‐1,075 ‐346 ‐4,398 1960 0.0% 0.0% ‐0.4% ‐0.4% ‐0.4% ‐0.2% ‐0.3%

1961 1 0 ‐2,622 ‐818 ‐1,119 ‐497 ‐5,055 1961 0.0% 0.0% ‐0.6% ‐0.6% ‐0.5% ‐0.4% ‐0.4%

1962 ‐7 ‐2 ‐2,658 ‐786 ‐1,215 ‐419 ‐5,087 1962 0.0% 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.3% ‐0.4%

1963 12 3 ‐2,776 ‐812 ‐1,152 ‐523 ‐5,248 1963 0.0% 0.0% ‐0.8% ‐0.8% ‐0.7% ‐0.4% ‐0.5%

1964 3 1 ‐2,613 ‐683 ‐1,094 ‐457 ‐4,843 1964 0.0% 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.3% ‐0.4%

1965 3 0 ‐2,459 ‐833 ‐1,238 ‐459 ‐4,986 1965 0.0% 0.0% ‐0.5% ‐0.6% ‐0.6% ‐0.3% ‐0.4%

1966 ‐23 2 ‐2,895 ‐760 ‐1,144 ‐624 ‐5,444 1966 0.0% 0.0% ‐0.8% ‐0.8% ‐0.8% ‐0.6% ‐0.6%

1967 6 6 ‐2,693 ‐824 ‐1,232 ‐606 ‐5,343 1967 0.0% 0.0% ‐0.8% ‐0.9% ‐0.9% ‐0.6% ‐0.6%

1968 8 ‐6 ‐2,306 ‐658 ‐1,138 ‐430 ‐4,530 1968 0.0% 0.0% ‐0.6% ‐0.6% ‐0.7% ‐0.3% ‐0.4%

1969 5 3 ‐2,929 ‐549 ‐1,060 ‐556 ‐5,086 1969 0.0% 0.0% ‐0.7% ‐0.5% ‐0.6% ‐0.4% ‐0.5%

1970 3 0 ‐2,670 ‐874 ‐1,100 ‐570 ‐5,211 1970 0.0% 0.0% ‐0.7% ‐0.9% ‐0.7% ‐0.5% ‐0.5%

1971 2 0 ‐2,438 ‐822 ‐1,128 ‐392 ‐4,778 1971 0.0% 0.0% ‐0.4% ‐0.5% ‐0.4% ‐0.2% ‐0.3%

1972 33 0 ‐2,654 ‐591 ‐1,138 ‐446 ‐4,796 1972 0.0% 0.0% ‐0.5% ‐0.4% ‐0.4% ‐0.3% ‐0.3%

1973 1 1 ‐2,573 ‐298 ‐1,106 ‐459 ‐4,434 1973 0.0% 0.0% ‐0.4% ‐0.2% ‐0.4% ‐0.3% ‐0.3%

1974 1 ‐8 ‐2,233 ‐984 ‐1,180 ‐436 ‐4,840 1974 0.0% 0.0% ‐0.4% ‐0.6% ‐0.5% ‐0.3% ‐0.3%

1975 ‐3 0 ‐2,370 ‐713 ‐1,273 ‐469 ‐4,828 1975 0.0% 0.0% ‐0.4% ‐0.4% ‐0.4% ‐0.3% ‐0.3%

1976 ‐2 0 ‐2,573 ‐756 ‐1,207 ‐510 ‐5,048 1976 0.0% 0.0% ‐0.6% ‐0.6% ‐0.6% ‐0.4% ‐0.4%

1977 10 ‐21 ‐2,798 ‐721 ‐1,008 ‐530 ‐5,068 1977 0.0% 0.0% ‐0.7% ‐0.6% ‐0.5% ‐0.4% ‐0.5%

1978 1 1 ‐2,488 ‐704 ‐1,077 ‐311 ‐4,578 1978 0.0% 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.2% ‐0.4%

1979 2 ‐1 ‐2,439 ‐554 ‐1,046 ‐473 ‐4,511 1979 0.0% 0.0% ‐0.4% ‐0.3% ‐0.3% ‐0.3% ‐0.3%

1980 ‐20 ‐3 ‐2,501 ‐762 ‐1,158 ‐501 ‐4,945 1980 0.0% 0.0% ‐0.5% ‐0.6% ‐0.5% ‐0.4% ‐0.4%

1981 ‐17 ‐12 ‐2,948 ‐862 ‐1,087 ‐653 ‐5,579 1981 0.0% 0.0% ‐1.0% ‐1.0% ‐0.9% ‐0.7% ‐0.7%

1982 28 30 ‐2,511 ‐801 ‐1,172 ‐392 ‐4,818 1982 0.0% 0.0% ‐0.6% ‐0.6% ‐0.6% ‐0.3% ‐0.4%

1983 ‐7 ‐10 ‐2,446 ‐708 ‐1,206 ‐490 ‐4,867 1983 0.0% 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.3% ‐0.4%

1984 0 0 ‐2,372 ‐650 ‐1,136 ‐446 ‐4,604 1984 0.0% 0.0% ‐0.4% ‐0.4% ‐0.4% ‐0.3% ‐0.3%

1985 ‐8 ‐10 ‐2,788 ‐761 ‐1,142 ‐521 ‐5,230 1985 0.0% 0.0% ‐0.7% ‐0.7% ‐0.6% ‐0.4% ‐0.5%

1986 ‐1 0 ‐2,992 ‐837 ‐1,161 ‐614 ‐5,605 1986 0.0% 0.0% ‐1.2% ‐1.2% ‐1.2% ‐0.7% ‐0.9%

1987 ‐1 1 ‐2,713 ‐706 ‐1,250 ‐451 ‐5,120 1987 0.0% 0.0% ‐0.6% ‐0.5% ‐0.6% ‐0.3% ‐0.4%

1988 5 ‐2 ‐2,796 ‐849 ‐1,246 ‐627 ‐5,515 1988 0.0% 0.0% ‐0.9% ‐1.0% ‐1.1% ‐0.6% ‐0.7%

1989 1 1 ‐2,524 ‐771 ‐1,228 ‐1,527 ‐6,048 1989 0.0% 0.0% ‐0.5% ‐0.5% ‐0.5% ‐1.0% ‐0.4%

1990 0 0 ‐2,063 ‐692 ‐997 ‐157 ‐3,909 1990 0.0% 0.0% ‐0.3% ‐0.4% ‐0.3% ‐0.1% ‐0.2%

1991 0 ‐1 ‐2,356 ‐985 ‐1,218 ‐427 ‐4,987 1991 0.0% 0.0% ‐0.4% ‐0.7% ‐0.5% ‐0.3% ‐0.4%

1992 ‐4 3 ‐2,660 ‐662 ‐963 ‐433 ‐4,719 1992 0.0% 0.0% ‐0.5% ‐0.5% ‐0.4% ‐0.3% ‐0.3%

1993 ‐3 0 ‐2,305 ‐833 ‐1,083 ‐92 ‐4,316 1993 0.0% 0.0% ‐0.5% ‐0.6% ‐0.4% ‐0.1% ‐0.3%

1994 1 1 ‐2,686 ‐702 ‐1,194 ‐513 ‐5,093 1994 0.0% 0.0% ‐0.6% ‐0.6% ‐0.6% ‐0.4% ‐0.4%

1995 31 0 ‐2,753 ‐695 ‐1,070 ‐467 ‐4,954 1995 0.0% 0.0% ‐0.6% ‐0.5% ‐0.5% ‐0.3% ‐0.4%

1996 ‐3 ‐5 ‐2,736 ‐740 ‐1,131 ‐489 ‐5,104 1996 0.0% 0.0% ‐0.6% ‐0.6% ‐0.5% ‐0.3% ‐0.4%

1997 ‐3 0 ‐2,640 ‐745 ‐1,201 ‐478 ‐5,067 1997 0.0% 0.0% ‐0.6% ‐0.5% ‐0.6% ‐0.3% ‐0.4%

1998 ‐8 5 ‐2,470 ‐743 ‐1,173 ‐475 ‐4,864 1998 0.0% 0.0% ‐0.5% ‐0.6% ‐0.5% ‐0.4% ‐0.4%

1999 ‐5 1 ‐2,877 ‐812 ‐1,145 ‐534 ‐5,372 1999 0.0% 0.0% ‐0.9% ‐0.9% ‐0.9% ‐0.5% ‐0.7%

2000 2 ‐3 ‐3,113 ‐813 ‐1,211 ‐643 ‐5,781 2000 0.0% 0.0% ‐1.2% ‐1.1% ‐1.1% ‐0.7% ‐0.8%

2001 19 23 ‐2,036 ‐576 ‐745 ‐420 ‐3,735 2001 0.0% 0.0% ‐1.1% ‐1.2% ‐1.1% ‐0.7% ‐0.8%

2002 54 ‐104 ‐2,501 ‐647 ‐1,460 ‐271 ‐4,929 2002 0.1% ‐0.1% ‐1.1% ‐1.0% ‐1.6% ‐0.4% ‐0.8%

2003 ‐1 3 ‐2,243 ‐558 ‐1,174 ‐327 ‐4,300 2003 0.0% 0.0% ‐0.3% ‐0.3% ‐0.4% ‐0.2% ‐0.2%

2004 0 1 ‐2,889 ‐671 ‐1,159 ‐512 ‐5,230 2004 0.0% 0.0% ‐0.6% ‐0.5% ‐0.6% ‐0.4% ‐0.4%

2005 ‐9 1 ‐2,776 ‐799 ‐1,192 ‐609 ‐5,384 2005 0.0% 0.0% ‐0.6% ‐0.6% ‐0.6% ‐0.4% ‐0.5%

2006 2 0 ‐2,920 ‐833 ‐1,241 ‐658 ‐5,650 2006 0.0% 0.0% ‐0.9% ‐0.9% ‐0.9% ‐0.6% ‐0.6%

2007 1 0 ‐2,627 ‐623 ‐1,161 ‐481 ‐4,891 2007 0.0% 0.0% ‐0.9% ‐0.8% ‐0.9% ‐0.5% ‐0.6%

2008 ‐100 38 ‐3,096 ‐767 ‐1,278 ‐620 ‐5,823 2008 ‐0.1% 0.1% ‐1.3% ‐1.2% ‐1.4% ‐0.8% ‐0.9%

2009 15 14 ‐2,505 ‐747 ‐1,106 ‐529 ‐4,858 2009 0.0% 0.0% ‐0.6% ‐0.6% ‐0.5% ‐0.4% ‐0.4%

2010 18 3 ‐2,687 ‐718 ‐1,276 ‐502 ‐5,162 2010 0.0% 0.0% ‐0.6% ‐0.6% ‐0.6% ‐0.4% ‐0.4%

2011 ‐6 2 ‐2,990 ‐771 ‐1,260 ‐619 ‐5,644 2011 0.0% 0.0% ‐1.0% ‐0.9% ‐1.0% ‐0.6% ‐0.7%

2012 13 2 ‐2,911 ‐781 ‐1,156 ‐666 ‐5,499 2012 0.0% 0.0% ‐1.1% ‐1.0% ‐1.0% ‐0.7% ‐0.8%

2013 ‐2 ‐2 ‐2,285 ‐710 ‐1,250 ‐338 ‐4,587 2013 0.0% 0.0% ‐0.4% ‐0.4% ‐0.5% ‐0.2% ‐0.3%

AVG 0 ‐1 ‐2,613 ‐735 ‐1,152 ‐501 ‐5,002 AVG 0.0% 0.0% ‐0.6% ‐0.6% ‐0.6% ‐0.4% ‐0.4%



0

20,000

40,000

60,000

80,000

100,000

120,000

140,000

160,000

180,000

200,000

G
e

n
e

ra
ti

o
n

 (
M

W
h

) 

Year 

High Rock Annual Generation 

Base_2050 Alt2A_2050



0

50,000

100,000

150,000

200,000

250,000

G
e

n
e

ra
ti

o
n

 (
M

W
h

) 

Year 

Tuckertown Annual Generation 

Base_2050 Alt2A_2050



0

100,000

200,000

300,000

400,000

500,000

600,000

700,000

G
e

n
e

ra
ti

o
n

 (
M

W
h

) 

Year 

Narrows Annual Generation 

Base_2050 Alt2A_2050



0

20,000

40,000

60,000

80,000

100,000

120,000

140,000

160,000

180,000

200,000

G
e

n
e

ra
ti

o
n

 (
M

W
h

) 

Year 

Falls Annual Generation 

Base_2050 Alt2A_2050



0

50,000

100,000

150,000

200,000

250,000

300,000

350,000

G
e

n
e

ra
ti

o
n

 (
M

W
h

) 

Year 

Tillery Annual Generation 

Base_2050 Alt2A_2050



0

20,000

40,000

60,000

80,000

100,000

120,000

140,000

160,000

180,000

200,000

G
e

n
e

ra
ti

o
n

 (
M

W
h

) 

Year 

Blewett Falls Annual Generation 

Base_2050 Alt2A_2050



  

  

N-3 
Hydro Generation 
Comparison 

Baseline – 2050 Water Use 

To 

Alternative 2B – 2050 Water Use 
with Union County 2050 Demand 

  

  



'Alt2B_2050' less 'Base_2050' Difference (MWh) 'Alt2B_2050' less 'Base_2050' Difference (%)

Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total

1955 31 ‐917 ‐2,745 ‐872 ‐1,160 ‐570 ‐6,233 1955 0.0% ‐0.9% ‐0.9% ‐1.0% ‐0.9% ‐0.6% ‐0.8%

1956 72 ‐926 ‐2,748 ‐806 ‐1,176 ‐515 ‐6,099 1956 0.1% ‐1.0% ‐0.9% ‐0.9% ‐0.9% ‐0.5% ‐0.8%

1957 ‐16 ‐939 ‐2,502 ‐718 ‐1,229 ‐496 ‐5,900 1957 0.0% ‐0.6% ‐0.5% ‐0.5% ‐0.5% ‐0.3% ‐0.5%

1958 ‐26 ‐848 ‐2,358 ‐794 ‐1,071 ‐461 ‐5,558 1958 0.0% ‐0.5% ‐0.5% ‐0.6% ‐0.4% ‐0.3% ‐0.4%

1959 25 ‐847 ‐2,262 ‐776 ‐1,073 ‐612 ‐5,545 1959 0.0% ‐0.5% ‐0.4% ‐0.5% ‐0.4% ‐0.4% ‐0.4%

1960 19 ‐800 ‐2,344 ‐601 ‐1,097 ‐423 ‐5,246 1960 0.0% ‐0.4% ‐0.4% ‐0.4% ‐0.4% ‐0.3% ‐0.3%

1961 ‐9 ‐867 ‐2,597 ‐753 ‐1,065 ‐455 ‐5,746 1961 0.0% ‐0.6% ‐0.6% ‐0.6% ‐0.5% ‐0.3% ‐0.5%

1962 30 ‐855 ‐2,677 ‐759 ‐1,174 ‐435 ‐5,870 1962 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.5% ‐0.3% ‐0.4%

1963 8 ‐902 ‐2,718 ‐823 ‐1,159 ‐530 ‐6,124 1963 0.0% ‐0.8% ‐0.7% ‐0.8% ‐0.7% ‐0.4% ‐0.6%

1964 19 ‐870 ‐2,593 ‐695 ‐1,074 ‐411 ‐5,624 1964 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.5% ‐0.3% ‐0.4%

1965 30 ‐852 ‐2,491 ‐790 ‐1,178 ‐488 ‐5,769 1965 0.0% ‐0.6% ‐0.5% ‐0.6% ‐0.5% ‐0.3% ‐0.5%

1966 14 ‐946 ‐2,949 ‐824 ‐1,154 ‐653 ‐6,512 1966 0.0% ‐0.9% ‐0.9% ‐0.9% ‐0.8% ‐0.6% ‐0.7%

1967 36 ‐919 ‐2,720 ‐834 ‐1,223 ‐578 ‐6,238 1967 0.0% ‐0.9% ‐0.8% ‐0.9% ‐0.9% ‐0.6% ‐0.7%

1968 54 ‐947 ‐2,256 ‐683 ‐1,106 ‐441 ‐5,379 1968 0.0% ‐0.8% ‐0.6% ‐0.6% ‐0.6% ‐0.4% ‐0.5%

1969 40 ‐916 ‐2,831 ‐475 ‐997 ‐510 ‐5,689 1969 0.0% ‐0.7% ‐0.7% ‐0.4% ‐0.6% ‐0.4% ‐0.5%

1970 26 ‐894 ‐2,555 ‐920 ‐1,102 ‐559 ‐6,004 1970 0.0% ‐0.8% ‐0.7% ‐0.9% ‐0.7% ‐0.5% ‐0.6%

1971 20 ‐826 ‐2,450 ‐969 ‐1,146 ‐359 ‐5,730 1971 0.0% ‐0.5% ‐0.4% ‐0.6% ‐0.4% ‐0.2% ‐0.4%

1972 ‐13 ‐860 ‐2,621 ‐678 ‐1,171 ‐470 ‐5,813 1972 0.0% ‐0.5% ‐0.5% ‐0.4% ‐0.5% ‐0.3% ‐0.4%

1973 4 ‐850 ‐2,437 ‐147 ‐1,220 ‐373 ‐5,023 1973 0.0% ‐0.4% ‐0.4% ‐0.1% ‐0.4% ‐0.2% ‐0.3%

1974 30 ‐853 ‐2,288 ‐937 ‐1,146 ‐462 ‐5,656 1974 0.0% ‐0.5% ‐0.4% ‐0.6% ‐0.5% ‐0.3% ‐0.4%

1975 1 ‐827 ‐2,394 ‐757 ‐1,113 ‐394 ‐5,484 1975 0.0% ‐0.4% ‐0.4% ‐0.4% ‐0.4% ‐0.2% ‐0.3%

1976 22 ‐891 ‐2,610 ‐760 ‐1,205 ‐510 ‐5,954 1976 0.0% ‐0.6% ‐0.6% ‐0.6% ‐0.6% ‐0.4% ‐0.5%

1977 52 ‐922 ‐2,805 ‐666 ‐1,002 ‐492 ‐5,835 1977 0.0% ‐0.7% ‐0.7% ‐0.6% ‐0.5% ‐0.4% ‐0.5%

1978 23 ‐871 ‐2,407 ‐729 ‐1,132 ‐300 ‐5,416 1978 0.0% ‐0.6% ‐0.5% ‐0.5% ‐0.5% ‐0.2% ‐0.4%

1979 29 ‐789 ‐2,434 ‐520 ‐1,079 ‐1,262 ‐6,055 1979 0.0% ‐0.4% ‐0.4% ‐0.3% ‐0.4% ‐0.7% ‐0.4%

1980 29 ‐846 ‐2,507 ‐749 ‐1,159 ‐490 ‐5,722 1980 0.0% ‐0.6% ‐0.5% ‐0.6% ‐0.5% ‐0.4% ‐0.5%

1981 46 ‐953 ‐2,917 ‐812 ‐1,215 ‐641 ‐6,492 1981 0.1% ‐1.0% ‐1.0% ‐1.0% ‐1.0% ‐0.7% ‐0.8%

1982 49 ‐832 ‐2,488 ‐787 ‐1,175 ‐397 ‐5,630 1982 0.0% ‐0.6% ‐0.5% ‐0.6% ‐0.6% ‐0.3% ‐0.5%

1983 0 ‐830 ‐2,470 ‐717 ‐1,219 ‐333 ‐5,569 1983 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.5% ‐0.2% ‐0.4%

1984 36 ‐825 ‐2,320 ‐689 ‐1,112 ‐434 ‐5,344 1984 0.0% ‐0.5% ‐0.4% ‐0.5% ‐0.4% ‐0.3% ‐0.4%

1985 9 ‐900 ‐2,765 ‐774 ‐1,113 ‐533 ‐6,076 1985 0.0% ‐0.7% ‐0.7% ‐0.7% ‐0.6% ‐0.4% ‐0.6%

1986 214 ‐1,124 ‐2,862 ‐852 ‐1,238 ‐627 ‐6,489 1986 0.3% ‐1.5% ‐1.2% ‐1.3% ‐1.3% ‐0.8% ‐1.0%

1987 ‐13 ‐815 ‐2,706 ‐623 ‐1,294 ‐580 ‐6,031 1987 0.0% ‐0.5% ‐0.5% ‐0.4% ‐0.6% ‐0.4% ‐0.5%

1988 73 ‐981 ‐2,764 ‐851 ‐1,201 ‐610 ‐6,334 1988 0.1% ‐1.1% ‐0.9% ‐1.0% ‐1.0% ‐0.6% ‐0.8%

1989 19 ‐843 ‐2,583 ‐739 ‐1,250 ‐382 ‐5,778 1989 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.5% ‐0.2% ‐0.4%

1990 7 ‐783 ‐2,129 ‐640 ‐1,067 ‐166 ‐4,778 1990 0.0% ‐0.4% ‐0.3% ‐0.4% ‐0.3% ‐0.1% ‐0.3%

1991 18 ‐859 ‐2,491 ‐881 ‐1,218 ‐423 ‐5,854 1991 0.0% ‐0.5% ‐0.5% ‐0.6% ‐0.5% ‐0.3% ‐0.4%

1992 24 ‐850 ‐2,599 ‐858 ‐1,111 ‐483 ‐5,877 1992 0.0% ‐0.5% ‐0.5% ‐0.6% ‐0.5% ‐0.3% ‐0.4%

1993 19 ‐819 ‐2,386 ‐756 ‐1,045 ‐92 ‐5,079 1993 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.4% ‐0.1% ‐0.4%

1994 34 ‐841 ‐2,547 ‐673 ‐1,220 ‐500 ‐5,747 1994 0.0% ‐0.6% ‐0.6% ‐0.5% ‐0.6% ‐0.4% ‐0.5%

1995 51 ‐868 ‐2,723 ‐609 ‐1,084 ‐471 ‐5,704 1995 0.0% ‐0.6% ‐0.6% ‐0.5% ‐0.5% ‐0.3% ‐0.5%

1996 21 ‐851 ‐2,604 ‐811 ‐1,110 ‐492 ‐5,847 1996 0.0% ‐0.6% ‐0.6% ‐0.6% ‐0.5% ‐0.4% ‐0.5%

1997 20 ‐844 ‐2,685 ‐798 ‐1,223 ‐489 ‐6,019 1997 0.0% ‐0.6% ‐0.6% ‐0.6% ‐0.6% ‐0.3% ‐0.5%

1998 26 ‐811 ‐2,418 ‐767 ‐1,204 ‐479 ‐5,653 1998 0.0% ‐0.5% ‐0.5% ‐0.6% ‐0.5% ‐0.4% ‐0.5%

1999 60 ‐956 ‐2,898 ‐750 ‐1,107 ‐539 ‐6,190 1999 0.1% ‐1.0% ‐0.9% ‐0.9% ‐0.9% ‐0.5% ‐0.8%

2000 250 ‐1,162 ‐2,964 ‐795 ‐1,158 ‐626 ‐6,455 2000 0.3% ‐1.4% ‐1.1% ‐1.1% ‐1.1% ‐0.7% ‐0.9%

2001 635 ‐937 ‐1,722 ‐571 ‐719 ‐403 ‐3,717 2001 1.2% ‐1.6% ‐0.9% ‐1.2% ‐1.1% ‐0.6% ‐0.8%

2002 393 ‐1,671 ‐2,286 ‐609 ‐1,484 ‐217 ‐5,874 2002 0.6% ‐2.2% ‐1.0% ‐0.9% ‐1.6% ‐0.3% ‐1.0%

2003 7 ‐761 ‐2,231 ‐574 ‐1,162 ‐213 ‐4,934 2003 0.0% ‐0.4% ‐0.3% ‐0.3% ‐0.4% ‐0.1% ‐0.3%

2004 27 ‐886 ‐2,872 ‐684 ‐1,153 ‐508 ‐6,076 2004 0.0% ‐0.6% ‐0.6% ‐0.5% ‐0.6% ‐0.4% ‐0.5%

2005 12 ‐883 ‐2,800 ‐740 ‐1,189 ‐581 ‐6,181 2005 0.0% ‐0.6% ‐0.6% ‐0.6% ‐0.6% ‐0.4% ‐0.5%

2006 35 ‐918 ‐2,891 ‐831 ‐1,255 ‐655 ‐6,515 2006 0.0% ‐0.9% ‐0.9% ‐0.9% ‐0.9% ‐0.6% ‐0.7%

2007 ‐25 ‐999 ‐2,447 ‐639 ‐1,149 ‐483 ‐5,742 2007 0.0% ‐1.1% ‐0.8% ‐0.8% ‐0.9% ‐0.5% ‐0.8%

2008 27 ‐1,005 ‐2,929 ‐837 ‐1,334 ‐656 ‐6,734 2008 0.0% ‐1.4% ‐1.2% ‐1.3% ‐1.5% ‐0.8% ‐1.1%

2009 49 ‐851 ‐2,524 ‐726 ‐1,143 ‐549 ‐5,744 2009 0.0% ‐0.6% ‐0.6% ‐0.6% ‐0.6% ‐0.4% ‐0.5%

2010 51 ‐851 ‐2,651 ‐759 ‐1,267 ‐208 ‐5,685 2010 0.0% ‐0.6% ‐0.6% ‐0.6% ‐0.6% ‐0.2% ‐0.5%

2011 47 ‐930 ‐2,876 ‐728 ‐1,259 ‐603 ‐6,349 2011 0.1% ‐1.0% ‐0.9% ‐0.9% ‐1.0% ‐0.6% ‐0.8%

2012 69 ‐928 ‐2,890 ‐829 ‐1,098 ‐671 ‐6,347 2012 0.1% ‐1.1% ‐1.1% ‐1.1% ‐1.0% ‐0.7% ‐0.9%

2013 18 ‐766 ‐2,340 ‐761 ‐1,303 ‐320 ‐5,472 2013 0.0% ‐0.4% ‐0.4% ‐0.5% ‐0.5% ‐0.2% ‐0.4%

AVG 48 ‐897 ‐2,578 ‐737 ‐1,157 ‐485 ‐5,806 AVG 0.0% ‐0.6% ‐0.6% ‐0.6% ‐0.6% ‐0.4% ‐0.5%
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N-4 
Hydro Generation 
Comparison 

Baseline – 2050 Water Use 

To 

Alternative 3 – 2050 Water Use with 
Union County 2050 Demand 

 

 
 

  



'Alt3_2050' less 'Base_2050' Difference (MWh) 'Alt3_2050' less 'Base_2050' Difference (%)

Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total

1955 0 0 0 0 2 ‐588 ‐586 1955 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

1956 0 0 0 1 ‐17 ‐590 ‐606 1956 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

1957 0 0 0 1 ‐15 ‐504 ‐518 1957 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

1958 0 0 0 0 ‐12 ‐478 ‐490 1958 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1959 0 0 0 0 ‐4 ‐432 ‐436 1959 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1960 0 0 0 0 0 ‐446 ‐446 1960 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1961 0 0 0 1 ‐9 ‐530 ‐538 1961 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

1962 0 0 0 1 7 ‐436 ‐428 1962 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1963 0 0 0 0 22 ‐596 ‐574 1963 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.1%

1964 0 0 0 0 18 ‐481 ‐463 1964 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1965 0 0 0 0 14 ‐481 ‐467 1965 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1966 0 0 0 0 2 ‐614 ‐612 1966 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

1967 0 0 0 0 ‐1 ‐629 ‐630 1967 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

1968 0 0 0 0 ‐4 ‐585 ‐589 1968 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.1%

1969 0 0 0 ‐1 10 ‐574 ‐565 1969 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.1%

1970 0 0 0 ‐1 8 ‐613 ‐606 1970 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.1%

1971 0 0 0 ‐5 21 ‐439 ‐423 1971 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1972 0 0 0 0 14 ‐447 ‐433 1972 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1973 0 0 0 ‐2 17 ‐449 ‐434 1973 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1974 0 0 0 0 19 ‐457 ‐438 1974 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1975 0 0 0 0 ‐13 ‐349 ‐362 1975 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1976 0 0 0 1 35 ‐540 ‐504 1976 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

1977 0 0 0 0 8 ‐592 ‐584 1977 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.1%

1978 0 0 0 0 ‐5 ‐498 ‐503 1978 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1979 0 0 0 ‐1 5 ‐377 ‐373 1979 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1980 0 0 0 1 0 ‐535 ‐534 1980 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

1981 0 0 0 ‐3 ‐5 ‐603 ‐611 1981 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

1982 0 0 0 ‐2 26 ‐487 ‐463 1982 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1983 0 0 0 ‐2 ‐7 ‐494 ‐503 1983 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1984 0 0 0 0 ‐1 ‐486 ‐487 1984 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1985 0 0 0 ‐1 14 ‐523 ‐510 1985 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

1986 0 0 0 0 2 ‐647 ‐645 1986 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.8% ‐0.1%

1987 0 0 0 2 ‐18 ‐472 ‐488 1987 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1988 0 0 0 0 8 ‐654 ‐646 1988 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

1989 0 0 0 ‐2 ‐18 ‐453 ‐473 1989 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1990 0 0 0 0 14 ‐387 ‐373 1990 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1991 0 0 0 ‐2 5 ‐437 ‐434 1991 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1992 0 0 0 0 5 ‐477 ‐472 1992 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1993 0 0 0 ‐1 ‐13 ‐461 ‐475 1993 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1994 0 0 0 1 15 ‐539 ‐523 1994 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

1995 0 0 0 ‐1 5 ‐483 ‐479 1995 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1996 0 0 0 1 ‐11 ‐527 ‐537 1996 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

1997 0 0 0 ‐1 3 ‐505 ‐503 1997 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

1998 0 0 0 0 8 ‐461 ‐453 1998 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1999 0 0 0 1 ‐26 ‐590 ‐615 1999 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

2000 0 0 0 0 ‐7 ‐652 ‐659 2000 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐0.1%

2001 0 0 0 0 20 ‐665 ‐645 2001 0.0% 0.0% 0.0% 0.0% 0.0% ‐1.1% ‐0.1%

2002 0 0 0 36 11 ‐753 ‐706 2002 0.0% 0.0% 0.0% 0.1% 0.0% ‐1.0% ‐0.1%

2003 0 0 0 0 6 ‐322 ‐316 2003 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

2004 0 0 0 1 ‐2 ‐571 ‐572 2004 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

2005 0 0 0 0 ‐1 ‐571 ‐572 2005 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

2006 0 0 0 2 11 ‐634 ‐621 2006 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

2007 0 0 0 1 13 ‐659 ‐645 2007 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐0.1%

2008 0 0 0 ‐1 13 ‐661 ‐649 2008 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.8% ‐0.1%

2009 0 0 0 1 ‐15 ‐504 ‐518 2009 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

2010 0 0 0 0 ‐11 ‐536 ‐547 2010 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

2011 0 0 0 0 ‐6 ‐627 ‐633 2011 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

2012 0 0 0 0 1 ‐685 ‐684 2012 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.8% ‐0.1%

2013 0 0 0 ‐1 5 ‐438 ‐434 2013 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

AVG 0 0 0 0 3 ‐529 ‐526 AVG 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%
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N-5 
Hydro Generation 
Comparison 

Baseline – 2050 Water Use 

To 

Alternative 4 – 2050 Water Use with 
Union County 2050 Demand 

 

 
 

  



'Alt4_2050' less 'Base_2050' Difference (MWh) 'Alt4_2050' less 'Base_2050' Difference (%)

Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total

1955 0 0 0 0 2 ‐588 ‐586 1955 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

1956 0 0 0 1 ‐17 ‐590 ‐606 1956 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

1957 0 0 0 1 ‐15 ‐504 ‐518 1957 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

1958 0 0 0 0 ‐12 ‐478 ‐490 1958 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1959 0 0 0 0 ‐4 ‐432 ‐436 1959 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1960 0 0 0 0 0 ‐446 ‐446 1960 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1961 0 0 0 1 ‐9 ‐530 ‐538 1961 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

1962 0 0 0 1 7 ‐436 ‐428 1962 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1963 0 0 0 0 22 ‐596 ‐574 1963 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.1%

1964 0 0 0 0 18 ‐481 ‐463 1964 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1965 0 0 0 0 14 ‐481 ‐467 1965 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1966 0 0 0 0 2 ‐614 ‐612 1966 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

1967 0 0 0 0 ‐1 ‐629 ‐630 1967 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

1968 0 0 0 0 ‐4 ‐585 ‐589 1968 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.1%

1969 0 0 0 ‐1 10 ‐574 ‐565 1969 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.1%

1970 0 0 0 ‐1 8 ‐613 ‐606 1970 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.1%

1971 0 0 0 ‐5 21 ‐439 ‐423 1971 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1972 0 0 0 0 14 ‐447 ‐433 1972 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1973 0 0 0 ‐2 17 ‐449 ‐434 1973 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1974 0 0 0 0 19 ‐457 ‐438 1974 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1975 0 0 0 0 ‐13 ‐349 ‐362 1975 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1976 0 0 0 1 35 ‐540 ‐504 1976 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

1977 0 0 0 0 8 ‐592 ‐584 1977 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.1%

1978 0 0 0 0 ‐5 ‐498 ‐503 1978 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1979 0 0 0 ‐1 5 ‐377 ‐373 1979 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1980 0 0 0 1 0 ‐535 ‐534 1980 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

1981 0 0 0 ‐3 ‐5 ‐603 ‐611 1981 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

1982 0 0 0 ‐2 26 ‐487 ‐463 1982 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1983 0 0 0 ‐2 ‐7 ‐494 ‐503 1983 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1984 0 0 0 0 ‐1 ‐486 ‐487 1984 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1985 0 0 0 ‐1 14 ‐523 ‐510 1985 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

1986 0 0 0 0 2 ‐647 ‐645 1986 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.8% ‐0.1%

1987 0 0 0 2 ‐18 ‐472 ‐488 1987 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1988 0 0 0 0 8 ‐654 ‐646 1988 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

1989 0 0 0 ‐2 ‐18 ‐453 ‐473 1989 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1990 0 0 0 0 14 ‐387 ‐373 1990 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1991 0 0 0 ‐2 5 ‐437 ‐434 1991 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1992 0 0 0 0 5 ‐477 ‐472 1992 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1993 0 0 0 ‐1 ‐13 ‐461 ‐475 1993 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1994 0 0 0 1 15 ‐539 ‐523 1994 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

1995 0 0 0 ‐1 5 ‐483 ‐479 1995 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1996 0 0 0 1 ‐11 ‐527 ‐537 1996 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

1997 0 0 0 ‐1 3 ‐505 ‐503 1997 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

1998 0 0 0 0 8 ‐461 ‐453 1998 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1999 0 0 0 1 ‐26 ‐590 ‐615 1999 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

2000 0 0 0 0 ‐7 ‐652 ‐659 2000 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐0.1%

2001 0 0 0 0 20 ‐665 ‐645 2001 0.0% 0.0% 0.0% 0.0% 0.0% ‐1.1% ‐0.1%

2002 0 0 0 36 11 ‐753 ‐706 2002 0.0% 0.0% 0.0% 0.1% 0.0% ‐1.0% ‐0.1%

2003 0 0 0 0 6 ‐322 ‐316 2003 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

2004 0 0 0 1 ‐2 ‐571 ‐572 2004 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

2005 0 0 0 0 ‐1 ‐571 ‐572 2005 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

2006 0 0 0 2 11 ‐634 ‐621 2006 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

2007 0 0 0 1 13 ‐659 ‐645 2007 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐0.1%

2008 0 0 0 ‐1 13 ‐661 ‐649 2008 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.8% ‐0.1%

2009 0 0 0 1 ‐15 ‐504 ‐518 2009 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

2010 0 0 0 0 ‐11 ‐536 ‐547 2010 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

2011 0 0 0 0 ‐6 ‐627 ‐633 2011 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

2012 0 0 0 0 1 ‐685 ‐684 2012 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.8% ‐0.1%

2013 0 0 0 ‐1 5 ‐438 ‐434 2013 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

AVG 0 0 0 0 3 ‐529 ‐526 AVG 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%
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N-6 
Hydro Generation 
Comparison 

Baseline – 2050 Water Use 

To 

Alternative 5 – 2050 Water Use with 
Union County 2050 Demand 

 

 
 

  



'Alt5_2050' less 'Base_2050' Difference (MWh) 'Alt5_2050' less 'Base_2050' Difference (%)

Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total

1955 0 0 0 0 2 ‐588 ‐586 1955 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

1956 0 0 0 1 ‐17 ‐590 ‐606 1956 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

1957 0 0 0 1 ‐15 ‐504 ‐518 1957 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

1958 0 0 0 0 ‐12 ‐478 ‐490 1958 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1959 0 0 0 0 ‐4 ‐432 ‐436 1959 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1960 0 0 0 0 0 ‐446 ‐446 1960 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1961 0 0 0 1 ‐9 ‐530 ‐538 1961 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

1962 0 0 0 1 7 ‐436 ‐428 1962 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1963 0 0 0 0 22 ‐596 ‐574 1963 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.1%

1964 0 0 0 0 18 ‐481 ‐463 1964 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1965 0 0 0 0 14 ‐481 ‐467 1965 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1966 0 0 0 0 2 ‐614 ‐612 1966 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

1967 0 0 0 0 ‐1 ‐629 ‐630 1967 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

1968 0 0 0 0 ‐4 ‐585 ‐589 1968 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.1%

1969 0 0 0 ‐1 10 ‐574 ‐565 1969 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.1%

1970 0 0 0 ‐1 8 ‐613 ‐606 1970 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.1%

1971 0 0 0 ‐5 21 ‐439 ‐423 1971 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1972 0 0 0 0 14 ‐447 ‐433 1972 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1973 0 0 0 ‐2 17 ‐449 ‐434 1973 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1974 0 0 0 0 19 ‐457 ‐438 1974 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1975 0 0 0 0 ‐13 ‐349 ‐362 1975 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1976 0 0 0 1 35 ‐540 ‐504 1976 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

1977 0 0 0 0 8 ‐592 ‐584 1977 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.1%

1978 0 0 0 0 ‐5 ‐498 ‐503 1978 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1979 0 0 0 ‐1 5 ‐377 ‐373 1979 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1980 0 0 0 1 0 ‐535 ‐534 1980 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

1981 0 0 0 ‐3 ‐5 ‐603 ‐611 1981 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

1982 0 0 0 ‐2 26 ‐487 ‐463 1982 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1983 0 0 0 ‐2 ‐7 ‐494 ‐503 1983 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1984 0 0 0 0 ‐1 ‐486 ‐487 1984 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1985 0 0 0 ‐1 14 ‐523 ‐510 1985 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

1986 0 0 0 0 2 ‐647 ‐645 1986 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.8% ‐0.1%

1987 0 0 0 2 ‐18 ‐472 ‐488 1987 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1988 0 0 0 0 8 ‐654 ‐646 1988 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

1989 0 0 0 ‐2 ‐18 ‐453 ‐473 1989 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1990 0 0 0 0 14 ‐387 ‐373 1990 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

1991 0 0 0 ‐2 5 ‐437 ‐434 1991 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1992 0 0 0 0 5 ‐477 ‐472 1992 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1993 0 0 0 ‐1 ‐13 ‐461 ‐475 1993 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1994 0 0 0 1 15 ‐539 ‐523 1994 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

1995 0 0 0 ‐1 5 ‐483 ‐479 1995 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1996 0 0 0 1 ‐11 ‐527 ‐537 1996 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

1997 0 0 0 ‐1 3 ‐505 ‐503 1997 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

1998 0 0 0 0 8 ‐461 ‐453 1998 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

1999 0 0 0 1 ‐26 ‐590 ‐615 1999 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

2000 0 0 0 0 ‐7 ‐652 ‐659 2000 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐0.1%

2001 0 0 0 0 20 ‐665 ‐645 2001 0.0% 0.0% 0.0% 0.0% 0.0% ‐1.1% ‐0.1%

2002 0 0 0 36 11 ‐753 ‐706 2002 0.0% 0.0% 0.0% 0.1% 0.0% ‐1.0% ‐0.1%

2003 0 0 0 0 6 ‐322 ‐316 2003 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0%

2004 0 0 0 1 ‐2 ‐571 ‐572 2004 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

2005 0 0 0 0 ‐1 ‐571 ‐572 2005 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

2006 0 0 0 2 11 ‐634 ‐621 2006 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

2007 0 0 0 1 13 ‐659 ‐645 2007 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐0.1%

2008 0 0 0 ‐1 13 ‐661 ‐649 2008 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.8% ‐0.1%

2009 0 0 0 1 ‐15 ‐504 ‐518 2009 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

2010 0 0 0 0 ‐11 ‐536 ‐547 2010 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%

2011 0 0 0 0 ‐6 ‐627 ‐633 2011 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.1%

2012 0 0 0 0 1 ‐685 ‐684 2012 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.8% ‐0.1%

2013 0 0 0 ‐1 5 ‐438 ‐434 2013 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.0%

AVG 0 0 0 0 3 ‐529 ‐526 AVG 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% 0.0%
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N-7  
Hydro Generation 
Comparison 

Baseline – 2050 Water Use 

To 

Alternative 11 – 2050 Water Use 
with Union County 2050 Demand 

 

 
 

  



'Alt11_2050' less 'Base_2050' Difference (MWh) 'Alt11_2050' less 'Base_2050' Difference (%)

Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total Year High Rock Tuckertown Narrows Falls Tillery Blewett Falls System Total

1955 0 0 0 1 ‐767 ‐585 ‐1,351 1955 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.6% ‐0.2%

1956 0 0 0 ‐2 ‐722 ‐588 ‐1,312 1956 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.6% ‐0.2%

1957 0 0 0 6 ‐723 ‐493 ‐1,210 1957 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.3% ‐0.1%

1958 0 0 0 1 ‐740 ‐472 ‐1,211 1958 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.3% ‐0.1%

1959 0 0 0 5 ‐693 ‐424 ‐1,112 1959 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.3% ‐0.1%

1960 0 0 0 2 ‐684 ‐426 ‐1,108 1960 0.0% 0.0% 0.0% 0.0% ‐0.2% ‐0.3% ‐0.1%

1961 0 0 0 2 ‐703 ‐535 ‐1,236 1961 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.4% ‐0.1%

1962 0 0 0 5 ‐728 ‐431 ‐1,154 1962 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.3% ‐0.1%

1963 0 0 0 1 ‐702 ‐592 ‐1,293 1963 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.5% ‐0.1%

1964 0 0 0 5 ‐702 ‐489 ‐1,186 1964 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.3% ‐0.1%

1965 0 0 0 0 ‐733 ‐478 ‐1,211 1965 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.3% ‐0.1%

1966 0 0 0 1 ‐712 ‐601 ‐1,312 1966 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.5% ‐0.1%

1967 0 0 0 ‐2 ‐727 ‐605 ‐1,334 1967 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.6% ‐0.2%

1968 0 0 0 0 ‐721 ‐581 ‐1,302 1968 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.5% ‐0.1%

1969 0 0 0 0 ‐744 ‐579 ‐1,323 1969 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.5% ‐0.1%

1970 0 0 0 3 ‐646 ‐607 ‐1,250 1970 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.5% ‐0.1%

1971 0 0 0 ‐4 ‐647 ‐411 ‐1,062 1971 0.0% 0.0% 0.0% 0.0% ‐0.2% ‐0.2% ‐0.1%

1972 0 0 0 ‐3 ‐687 ‐444 ‐1,134 1972 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.3% ‐0.1%

1973 0 0 0 3 ‐750 ‐455 ‐1,202 1973 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.3% ‐0.1%

1974 0 0 0 0 ‐698 ‐446 ‐1,144 1974 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.3% ‐0.1%

1975 0 0 0 10 ‐742 ‐471 ‐1,203 1975 0.0% 0.0% 0.0% 0.0% ‐0.2% ‐0.3% ‐0.1%

1976 0 0 0 2 ‐694 ‐534 ‐1,226 1976 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.4% ‐0.1%

1977 0 0 0 2 ‐647 ‐572 ‐1,217 1977 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.5% ‐0.1%

1978 0 0 0 ‐1 ‐686 ‐495 ‐1,182 1978 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.3% ‐0.1%

1979 0 0 0 ‐4 ‐609 ‐393 ‐1,006 1979 0.0% 0.0% 0.0% 0.0% ‐0.2% ‐0.2% ‐0.1%

1980 0 0 0 4 ‐738 ‐528 ‐1,262 1980 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.4% ‐0.1%

1981 0 0 0 1 ‐760 ‐650 ‐1,409 1981 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.7% ‐0.2%

1982 0 0 0 0 ‐715 ‐491 ‐1,206 1982 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.4% ‐0.1%

1983 0 0 0 ‐4 ‐667 ‐501 ‐1,172 1983 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.4% ‐0.1%

1984 0 0 0 ‐2 ‐606 ‐484 ‐1,092 1984 0.0% 0.0% 0.0% 0.0% ‐0.2% ‐0.3% ‐0.1%

1985 0 0 0 2 ‐752 ‐521 ‐1,271 1985 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.4% ‐0.1%

1986 0 0 0 0 ‐731 ‐645 ‐1,376 1986 0.0% 0.0% 0.0% 0.0% ‐0.8% ‐0.8% ‐0.2%

1987 0 0 0 5 ‐720 ‐467 ‐1,182 1987 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.3% ‐0.1%

1988 0 0 0 3 ‐768 ‐652 ‐1,417 1988 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐0.6% ‐0.2%

1989 0 0 0 3 ‐761 ‐449 ‐1,207 1989 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.3% ‐0.1%

1990 0 0 0 6 ‐672 ‐307 ‐973 1990 0.0% 0.0% 0.0% 0.0% ‐0.2% ‐0.2% ‐0.1%

1991 0 0 0 ‐1 ‐754 ‐443 ‐1,198 1991 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.3% ‐0.1%

1992 0 0 0 3 ‐659 ‐461 ‐1,117 1992 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.3% ‐0.1%

1993 0 0 0 0 ‐716 ‐456 ‐1,172 1993 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.3% ‐0.1%

1994 0 0 0 5 ‐756 ‐540 ‐1,291 1994 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.4% ‐0.1%

1995 0 0 0 0 ‐651 ‐497 ‐1,148 1995 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.4% ‐0.1%

1996 0 0 0 0 ‐640 ‐506 ‐1,146 1996 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.4% ‐0.1%

1997 0 0 0 3 ‐738 ‐500 ‐1,235 1997 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.3% ‐0.1%

1998 0 0 0 1 ‐659 ‐455 ‐1,113 1998 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.3% ‐0.1%

1999 0 0 0 3 ‐806 ‐583 ‐1,386 1999 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.6% ‐0.2%

2000 0 0 0 1 ‐723 ‐657 ‐1,379 2000 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐0.7% ‐0.2%

2001 0 0 0 0 ‐774 ‐664 ‐1,438 2001 0.0% 0.0% 0.0% 0.0% ‐1.1% ‐1.1% ‐0.3%

2002 0 0 0 36 ‐787 ‐757 ‐1,508 2002 0.0% 0.0% 0.0% 0.1% ‐0.8% ‐1.0% ‐0.2%

2003 0 0 0 3 ‐767 ‐319 ‐1,083 2003 0.0% 0.0% 0.0% 0.0% ‐0.2% ‐0.2% ‐0.1%

2004 0 0 0 0 ‐693 ‐571 ‐1,264 2004 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.4% ‐0.1%

2005 0 0 0 ‐1 ‐646 ‐579 ‐1,226 2005 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.4% ‐0.1%

2006 0 0 0 3 ‐744 ‐638 ‐1,379 2006 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.6% ‐0.2%

2007 0 0 0 1 ‐769 ‐657 ‐1,425 2007 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.7% ‐0.2%

2008 0 0 0 ‐1 ‐715 ‐654 ‐1,370 2008 0.0% 0.0% 0.0% 0.0% ‐0.8% ‐0.8% ‐0.2%

2009 0 0 0 4 ‐659 ‐492 ‐1,147 2009 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.4% ‐0.1%

2010 0 0 0 7 ‐862 ‐534 ‐1,389 2010 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.4% ‐0.1%

2011 0 0 0 ‐1 ‐741 ‐623 ‐1,365 2011 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.6% ‐0.2%

2012 0 0 0 ‐1 ‐546 ‐680 ‐1,227 2012 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.7% ‐0.2%

2013 0 0 0 5 ‐660 ‐414 ‐1,069 2013 0.0% 0.0% 0.0% 0.0% ‐0.2% ‐0.3% ‐0.1%

AVG 0 0 0 2 ‐711 ‐527 ‐1,236 AVG 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.4% ‐0.1%
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O-1 
2012 Basin Water Use with 
Union County 2050 Demand 

Flow Duration Curves below 
Blewett Falls Lake 

Period of Record 
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Note: Baseline condition and all alternatives are represented herein; no impacts from alternatives are noted as all plot lines are on top of one another.



  

  

O-2 
2050 Basin Water Use with 
Union County 2050 Demand 

Flow Duration Curves below 
Blewett Falls Lake 

Period of Record 
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O-3 
2012 to 2050 Baseline 
Comparison 

Flow Duration Curves below 
Blewett Falls Lake 

Period of Record 
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Note: 2012 and 2050 Baseline conditions only shown in this chart; results indicate minor reduction in flow duration under future Year 2050 basin-wide water demands



  

  

CD-3 
APPENDIX CD – 3 

Catawba River Basin 

Modeling Results 
Performance Measure Sheets 

A & B – Reservoir Operational Detail Charts 

C & D – Hydropower Generation Summaries 

E – Elevation Exceedance Curves 

F  – Storage Exceedance Curves 

G – Elevation & Storage Comparisons 

H – Outflow Exceedance Curves 

I – Hydropower Generation Comparisons 

J – LIP Occurrence Comparisons 
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CIS # (Note 1) Performance Measures Criterion (Note 2) Start Date End Date MISC
(note 22)

UC-Base_2012 UC-Base_2050
UC-

Alt6_UC2050_2012

UC-

Alt7_UC2050_2012

Lake James (including the Catawba River Bypassed Reach, Paddy Creek Bypassed Reach and the Bridgewater Regulated River Reach) (1929-2010) (1929-2010) (1929-2010) (1929-2010)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 6,084 6,959 7,168 5,946
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 13,467 13,934 14,234 13,616
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 36% 32% 38% 36%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 40% 35% 41% 40%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 35% 32% 36% 34%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 83 90 82 85
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 93.5 ft) during higher use months 1-Mar 31-Oct 25 16 20 16 16
Avg. days/yr lake level below critical level for public boat ramps (< 

92.0 ft) (Note 3) 1-Jan 31-Dec 3 6 8 6 6

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<93.0 ft) (Note 4) 1-Jan 31-Dec 3 20 26 20 21

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 14% 26% 14% 14%
Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes Days below critical level for hydro unit operation (< 61 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 275.35) for the evaluation period (Note 12) 1-Jan 31-Dec 15 75 75 75 75
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 18% 16% 17% 17%
Percent of days lake level within +/- 2 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 2 ft.) 1-Jan 31-Dec 5% 55% 52% 56% 55%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 57% 54% 57% 57%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 6% 7% 6% 6%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 316 296 321 313

Days lake level above 103 ft 1-Jan 31-Dec 1 9 10 9 9

FA22, FA31, FA34, FA35, FA39 Provide for aquatic habitat in the regulated river reach

Percent of hours at or below 175 cfs released from the hydro 

development (Note 14) 1-Jan 31-Dec 10% 62% 63% 61% 62%

Lake Rhodhiss

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 9,319 9,387 9,532 9,040
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 19,930 19,789 19,978 19,849
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 56% 55% 58% 56%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 56% 53% 58% 56%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 54% 52% 55% 53%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 18 22 18 18
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 94.0 ft) during higher use months 1-Mar 31-Oct 25 4 7 4 4
Avg. days/yr lake level below critical level for public boat ramps (< 

91.0 ft) (Note 3) 1-Jan 31-Dec 3 0 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 125 133 122 126

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 18% 19% 18% 18%
Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 89.4 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0

Days below critical level for hydro unit operation (< 79.1 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 45% 45% 43% 45%
Percent of days lake level within +/- 2 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 2 ft.) 1-Jan 31-Dec 5% 52% 52% 51% 52%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 51% 51% 50% 51%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0% 0%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 305 304 312 303

Days lake level above 103 ft 1-Jan 31-Dec 1 25 25 25 25

Lake Hickory (Including the Oxford Regulated River Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 4,643 5,724 5,262 4,715
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 15,571 16,889 15,935 15,772
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 53% 52% 55% 53%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 54% 51% 55% 54%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 50% 48% 51% 50%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 21 24 20 21

FA22, FA31, FA34, FA35, FA39 Provide for aquatic habitat in the regulated river reach

Percent of hours at or below 225 cfs released from the hydro 

development (Note 14) 1-Jan 31-Dec 10% 39% 40% 39% 39%
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 94.0 ft) during higher use months 1-Mar 31-Oct 25 1 2 1 1
Avg. days/yr lake level below critical level for public boat ramps (< 

91.0 ft) (Note 3) 1-Jan 31-Dec 3 0 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 146 153 141 147

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 14% 14% 14% 14%

R101, R111, R121, R124, R127, 

HOWQ44

Maximize days/yr of boating opportunities in the regulated river 

reach

Avg. days/yr of daytime flows ≥ 2500,  ≤ 5500 cfs released from the 

hydro development for at least 2 hrs/day during higher use months 

(Note 20) 1-Mar 31-Oct 25 143 148 141 143
Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 94 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for hydro unit operation (< 73 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 230) for the evaluation period (Note 12) 1-Jan 31-Dec 25 103 100 103 103
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 43% 43% 42% 43%
Percent of days lake level within +/- 2 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 2 ft.) 1-Jan 31-Dec 5% 54% 53% 52% 53%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 53% 53% 52% 53%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0% 0%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 0 1 0 0

Lookout Shoals Lake (including the Lookout Shoals Regulated River Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 13,758 14,937 13,306 14,108
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 26,946 26,964 26,019 27,259
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 66% 65% 68% 67%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 65% 63% 67% 65%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 62% 61% 64% 62%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 26 29 25 27
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 92.0 ft) during higher use months 1-Mar 31-Oct 25 0 0 0 0
Avg. days/yr lake level below critical level for public boat ramps (< 

92.0 ft) (Note 3) 1-Jan 31-Dec 3 0 1 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 117 123 113 118

Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 13% 15% 13% 14%
Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 74.9 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0

Days below critical level for hydro unit operation (< 72.9 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 37% 36% 35% 37%
Percent of days lake level within +/- 2 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 2 ft.) 1-Jan 31-Dec 5% 49% 49% 47% 49%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 46% 47% 44% 46%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0% 0%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 1,628 1,569 1,673 1,625

Days lake level above 103 ft 1-Jan 31-Dec 1 59 59 59 59

Lake Norman

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 2,178 2,155 2,534 2,178
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 3,400 3,360 3,984 3,420
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 50% 45% 51% 49%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 61% 54% 62% 60%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 46% 41% 47% 46%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 32 38 31 32
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 96.0 ft) during higher use months 1-Mar 31-Oct 25 15 22 16 15
Avg. days/yr lake level below critical level for public boat ramps (< 

91.0 ft) (Note 3) 1-Jan 31-Dec 3 0 1 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<95.0 ft) (Note 4) 1-Jan 31-Dec 3 25 32 25 26

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 21% 23% 21% 21%
Water User Interests

HOWQ43, HOWQ53, HOWQ54, 

HOWQ55, HOWQ56, HOWQ57, 

HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest thermal power station operation 

(< 90 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for shallowest public water supply intake 

operation (< 85 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
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CIS # (Note 1) Performance Measures Criterion (Note 2) Start Date End Date MISC
(note 22)

UC-Base_2012 UC-Base_2050
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Alt6_UC2050_2012

UC-

Alt7_UC2050_2012
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Days below critical level for shallowest industrial intake operation (< 75 

ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for hydro unit operation (< 65 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 37% 38% 37% 37%
Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 94% 92% 94% 93%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 82% 82% 82% 82%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0% 0%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 10 6 11 10

Mt Island Lake (including the Mt Island Bypassed Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 9,300 9,689 9,447 9,120
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 19,984 20,459 20,843 20,055
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 43% 37% 43% 43%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 43% 36% 44% 44%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 43% 37% 43% 42%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 60 77 59 61
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 91.0 ft) during higher use months 1-Mar 31-Oct 25 0 0 0 0
Avg. days/yr lake level below critical level for public boat ramps (< 

91.0 ft) (Note 3) 1-Jan 31-Dec 3 0 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<96.0 ft) (Note 4) 1-Jan 31-Dec 3 128 161 125 130

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 17% 30% 17% 17%
Water User Interests

HOWQ43, HOWQ53, HOWQ54, 

HOWQ55, HOWQ56, HOWQ57, 

HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest thermal power station operation 

(< 94.3 ft) (Note 3) 1-Jan 31-Dec 1 4 32 5 4
Days below critical level for shallowest public water supply intake 

operation (< 88 ft) (Note 3) 1-Jan 31-Dec 1 0 2 0 0

Days below critical level for hydro unit operation (< 77.5 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 96.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 43% 41% 42% 43%
Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 96.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 71% 75% 71% 71%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 60% 65% 59% 60%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0% 0%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 256 224 274 253

Days lake level above 103 ft 1-Jan 31-Dec 1 29 28 32 28

Lake Wylie (including the Wylie Regulated River Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 2,652 3,104 2,941 2,779
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 8,709 8,920 9,051 8,795
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 43% 41% 45% 43%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 41% 37% 42% 40%
Percent of time of lake levels >= 97 ft during the growing season 1-Apr 30-Sep 10% 58% 55% 59% 57%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 38% 35% 40% 38%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 27 33 26 26
FA22, FA25, FA31, FA34, FA35, 

FA39 Provide for aquatic habitat in the regulated river reach

Percent of hours at or above 2000 cfs at Node 1 (RM 139.63) (Note 

14) 1-Jan 31-Dec 10%
Percent of hours at or above 1080 cfs at Node 1 (RM 139.63) (Note 

14) 1-Jan 31-Dec 10%
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 95.5 ft) during higher use months 1-Mar 31-Oct 25 32 40 31 32
Avg. days/yr lake level below critical level for public boat ramps (< 

95.5 ft) (Note 3) 1-Jan 31-Dec 3 40 52 40 40

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 172 182 168 173

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 18% 21% 18% 18%
Water User Interests

HOWQ43, HOWQ53, HOWQ54, 

HOWQ55, HOWQ56, HOWQ57, 

HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest industrial intake operation (< 

92.6 ft) (Note 3) 1-Jan 31-Dec 1 0 20 0 0
Days below critical level for shallowest public water supply intake 

operation (< 92 ft) (Note 3) 1-Jan 31-Dec 1 0 20 0 0
Days below critical level for shallowest thermal power station operation 

(< 90 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for hydro unit operation (< 74 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0

WQ189

Maximize low flows to maintain waste assimilation capacity of the 

regulated river reach.

Percent of days at or above approximate 7Q10 flow (450 cfs) released 

from the hydro development (RM 139.63) (Note 9) 1-Jan 31-Dec 5% 100% 100% 100% 100%
Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 139.63) for the evaluation period (Note 12) 1-Jan 31-Dec 45 720 700 720 720
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 50% 49% 49% 50%
Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 95% 92% 95% 95%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 60% 60% 59% 60%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 4% 6% 4% 4%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 1 3 3 1

Total Project Hydropower & Water Quantity Management

FA40, HOWQ41, HOWQ42, 

HOWQ58 Minimize inefficiencies in using water stored for generation Percent of hydropower generation lost due to unplanned spills (Note 8) 1-Jan 31-Dec 1% 5% 5% 5% 5%
Percent of hydropower generation lost due to other non-power 

generation uses (Note 9) 1-Jan 31-Dec 1% 8% 9% 9% 8%
FA40, HOWQ41, HOWQ58 Maximize hydropower generation Avg. MWH/yr of hydropower produced 1-Jan 31-Dec 31,000 1,393,697 1,331,102 1,385,359 1,388,625

Average equivalent # of homes per year that could be powered by the 

Hydro Project (Note 11) 1-Jan 31-Dec 2,500 105,583 100,841 104,951 105,199
HOWQ58, HOWQ41,HOWQ45 Maximize hydropower value Avg. hydro generation value in Normalized Dollars/yr (Note 8) 1-Jan 31-Dec $20,000 $752,115 $719,510 $745,446 $749,502

Background Performance Measure has improved vs. the Baseline Scenario

Background Performance Measure has declined vs. the Baseline Scenario

White Background There is no significant difference between the scenario and the Baseline Scenario by definition of MISC
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CIS # (Note 1) Performance Measures Criterion (Note 2) Start Date End Date MISC
(note 22)

UC-Base_2012 UC-Base_2050
UC-

Alt6_UC2050_2012

UC-

Alt7_UC2050_2012

Lake Wylie (including the Wylie Regulated River Reach) (1929-2010) (1929-2010) (1929-2010) (1929-2010)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 2,652 3,104 2,941 2,779
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 8,709 8,920 9,051 8,795
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 43% 41% 45% 43%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 41% 37% 42% 40%
Percent of time of lake levels >= 97 ft during the growing season 1-Apr 30-Sep 10% 58% 55% 59% 57%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 38% 35% 40% 38%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 27 33 26 26
FA22, FA25, FA31, FA34, FA35, 

FA39 Provide for aquatic habitat in the regulated river reach

Percent of hours at or above 2000 cfs at Node 1 (RM 139.63) (Note 

14) 1-Jan 31-Dec 10%
Percent of hours at or above 1080 cfs at Node 1 (RM 139.63) (Note 

14) 1-Jan 31-Dec 10%
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 95.5 ft) during higher use months 1-Mar 31-Oct 25 32 40 31 32
Avg. days/yr lake level below critical level for public boat ramps (< 

95.5 ft) (Note 3) 1-Jan 31-Dec 3 40 52 40 40

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 172 182 168 173

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 18% 21% 18% 18%
Water User Interests

HOWQ43, HOWQ53, HOWQ54, 

HOWQ55, HOWQ56, HOWQ57, 

HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest industrial intake operation (< 

92.6 ft) (Note 3) 1-Jan 31-Dec 1 0 20 0 0
Days below critical level for shallowest public water supply intake 

operation (< 92 ft) (Note 3) 1-Jan 31-Dec 1 0 20 0 0
Days below critical level for shallowest thermal power station operation 

(< 90 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for hydro unit operation (< 74 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 139.63) for the evaluation period (Note 12) 1-Jan 31-Dec 45 720 700 720 720
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 50% 49% 49% 50%
Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 95% 92% 95% 95%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 60% 60% 59% 60%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 4% 6% 4% 4%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 1 3 3 1

Fishing Creek Reservoir

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 10,551 10,640 10,554 10,385
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 21,620 21,470 21,142 21,247
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 75% 74% 76% 75%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 76% 74% 76% 76%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 75% 74% 76% 75%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 9 10 9 9
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 95.0 ft) during higher use months 1-Mar 31-Oct 25 0 0 0 0
Avg. days/yr lake level below critical level for public boat ramps (< 

95.0 ft) (Note 3) 1-Jan 31-Dec 3 0 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 65 66 62 64

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 17% 19% 17% 18%
Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 95 ft) (Note 3) 1-Jan 31-Dec 1 0 0 1 2
Days below critical level for shallowest industrial intake operation (< 

90.8 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0

Days below critical level for hydro unit operation (< 77.9 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 40% 40% 38% 40%
Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 100% 100% 100% 100%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 99% 99% 99% 99%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0% 0%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 6 13 8 11

Great Falls-Dearborn Reservoir (including the Great Falls Long Bypassed Reach and the Great Falls Short Bypassed Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 22,310 20,980 20,788 22,398
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 33,862 32,564 32,005 34,348
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 74% 75% 75% 74%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 78% 78% 79% 78%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 76% 76% 77% 76%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 8 8 8 8
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 98.0 ft) during higher use months 1-Mar 31-Oct 25 96 96 94 96
Avg. days/yr lake level below critical level for public boat ramps (< 

97.0 ft) (Note 3) 1-Jan 31-Dec 3 85 84 83 84

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<98.0 ft) (Note 4) 1-Jan 31-Dec 3 139 139 136 139

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 21% 22% 21% 22%
Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes Days below critical level for hydro unit operation (< 87.2 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 51% 51% 49% 51%
Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 100% 100% 100% 100%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 50% 51% 49% 50%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0% 0%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 703 685 723 701

Days lake level above 103 ft 1-Jan 31-Dec 1 6 11 9 6

Cedar Creek Reservoir

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 10,432 10,317 10,358 10,222
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 20,959 20,194 20,772 20,765
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 72% 71% 73% 72%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 73% 72% 74% 73%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 71% 71% 73% 71%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 0 1 0 1
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 98.5 ft) during higher use months 1-Mar 31-Oct 25 103 105 100 103
Avg. days/yr lake level below critical level for public boat ramps (< 

96.0 ft) (Note 3) 1-Jan 31-Dec 3 2 2 2 2

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 74 74 70 74

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 7% 7% 7% 7%
Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes Days below critical level for hydro unit operation (< 80.3 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 47% 48% 46% 48%
Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 100% 100% 100% 100%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 49% 50% 47% 49%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0% 0%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 39 38 36 39

Days lake level above 103 ft 1-Jan 31-Dec 1 3 3 3 3

Lake Wateree (including the Wateree Regulated River Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 945 1,173 951 960
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 6,515 7,277 6,908 6,547
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 85% 84% 85% 84%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 90% 89% 90% 90%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 95% 93% 94% 94%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 3 5 3 3
FA22, FA25, FA31, FA34, FA35, 

FA39 Provide for aquatic habitat in the regulated river reach Percent of hours at or above 2000 cfs at Node 1 (RM 74.54) (Note 14) 1-Jan 31-Dec 10%

Percent of hours at or above 1200 cfs at Node 1 (RM 74.54) (Note 14) 1-Jan 31-Dec 10%
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 96.0 ft) during higher use months 1-Mar 31-Oct 25 6 9 6 6
Avg. days/yr lake level below critical level for public boat ramps (< 

93.0 ft) (Note 3) 1-Jan 31-Dec 3 0 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 12 17 12 12

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 11% 13% 11% 11%
Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 92.5 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
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Hydrology Condition / Period = _______________   CHEOPS Performance Measures Evaluation Spreadsheet Wylie to Wateree

1

2

A B C D E F G H I J

CIS # (Note 1) Performance Measures Criterion (Note 2) Start Date End Date MISC
(note 22)

UC-Base_2012 UC-Base_2050
UC-

Alt6_UC2050_2012

UC-

Alt7_UC2050_2012

166

169

170

171

173

175

177

178

179
181

182

186

187

188

189

190

191

192

193

194

195

Days below critical level for hydro unit operation (< 74 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 74.54) for the evaluation period (Note 12) 1-Jan 31-Dec 53 807 800 807 807
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 4% 4% 4% 4%
Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 99% 99% 99% 99%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 12% 12% 13% 13%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0% 0%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 390 379 402 382

Days lake level above 103 ft 1-Jan 31-Dec 1 18 19 18 18

Total Project Hydropower & Water Quantity Management

FA40, HOWQ41, HOWQ42, 

HOWQ58 Minimize inefficiencies in using water stored for generation Percent of hydropower generation lost due to unplanned spills (Note 8) 1-Jan 31-Dec 1% 5% 5% 5% 5%
Percent of hydropower generation lost due to other non-power 

generation uses (Note 9) 1-Jan 31-Dec 1% 8% 9% 9% 8%
FA40, HOWQ41, HOWQ58 Maximize hydropower generation Avg. MWH/yr of hydropower produced 1-Jan 31-Dec 31,000 1,393,697 1,331,102 1,385,359 1,388,625

Average equivalent # of homes per year that could be powered by the 

Hydro Project (Note 11) 1-Jan 31-Dec 2,500 105,583 100,841 104,951 105,199
HOWQ58, HOWQ41,HOWQ45 Maximize hydropower value Avg. hydro generation value in Normalized Dollars/yr (Note 8) 1-Jan 31-Dec $20,000 $752,115 $719,510 $745,446 $749,502

Background Performance Measure has improved vs. the Baseline Scenario

Background Performance Measure has declined vs. the Baseline Scenario

White Background There is no significant difference between the scenario and the Baseline Scenario by definition of MISC

CHEOPS Measures 4 Revision 0 Dated 1/17/05



Stakeholder Interest Evaluation Spreadsheet NotesNotes

1 CIS # are the Composite Interest Statement numbers taken from Rev 3 of the Composite Interest Statement document

dated 10/27/04 for the interests that are both (1) directly related to water quantity management and (2) reasonably measurable using CHEOPS.

The following CIS #'s represent interests that are directly related to water quantity, but that will be dealt with differently as noted,  

and therefore will not be tabulated individually:

CIS # Composite Interest Statement (Rev 3 - 10/27/04)

FA16 Provide run-of-river flows through every dam. Scenario design readily identifies whether or not interest is met.

FA36 Scenario design readily identifies whether or not interest is met.

FA38 Restore run-of-river flows to the Great Falls. Scenario design readily identifies whether or not interest is met.

R125 Scenario design readily identifies whether or not interest is met.

R126 Scenario design readily identifies whether or not interest is met.

HOWQ51 LIP design determines if interest is met.

HOWQ52 LIP design determines if interest is met.

2 For criterion that measure on an hourly or daily basis, unless stated otherwise:

a. If an hourly criterion occurs during the average of four contiguous 15-minute periods, then it counts as 1 hour.

b. If a daily criterion occurs for 5 contiguous 1-hour periods, then it counts as 1 day.

3 Critical lake elevations per Attachment F of Draft AIP dated 10/15/04.

4 See App. C of Draft Reservoir Level Study Report dated 11/10/04 for average monthly lake levels during post-Cowans Ford era. 

Areas within the lakes are considered boatable if the water depth is greater than or equal to 3 ft. 

Lake surface areas are determined using Area-Volume Curves (i.e., a set of curves for each lake that 

graph both lake surface area and lake volume verses water depth).

5 Low Inflow Protocol (LIP) Trigger Point considerations.

6 Low Inflow Protocol (LIP) Trigger Point considerations.

7 Developed areas include areas with roads, houses and other man-made structures.

8 Includes lost hydropower generation due to unplanned spilling of water at hydro station dams. 

This measure does not include energy losses from evaporation, dam leakage or groundwater recharge. 

9 Includes lost hydropower due to minimum flow and recreation flow releases that bypass the hydro station and public water supply and industrial withdrawals. 

This measure does not include energy losses from evaporation, dam leakage or groundwater recharge. 

10 Normalized dollar value of hydropower generated in a given year =

Also, daytime flows are assumed to be flows provided between 7:00 am and 7:00 pm. To the extent possible, each Criterion is defined in terms of 

percents and averages/yr so that the same Criterion is useful regardless of the length of the hydrology period (i.e., 1-yr, 3-yr, full period of record, 

etc.)

Tie the low inflow protocol to both water conservation and energy 

conservation.

Assure that the low inflow protocol fully protects aquatic resources, 

water quality, and recreation.

Disposition

Mimic day, month, and annual natural flow patterns including 

natural floods in riverine and bypass areas.

Provide predictable recreation releases on bypass sections 

including the Great Falls bypass.

Provide predictable recreation releases on river sections (i.e., allow 

recreation users to plan ahead for river use).

CHEOPS Measures 1 Revised 1/17/05



Stakeholder Interest Evaluation Spreadsheet Notes[∑ (MWH x market value for each hour)]/(Highest hourly market price in that year)

11 Flow rates needed to provide for basic navigation. These flow rates are determined by the Instream Flow Study 

and/or the Recreation Flow Study. In SC, the flow rates are based on meeting SCDNR's navigation criteria.

In NC, the flow rates are based on Rec 02 studies.

12 7Q10 Flow rate = Lowest average flow rate over a 7-day period that statistically is likely to occur once every 10 years.

The approximate 7Q10 flow rates listed in this document are from Table 6.1-1, Summary of Catawba-Wateree Project 

Hydrology as shown in Duke Power's First Stage Consultation Document dated 2003.

13 Absolute Lake level variation is determined from hourly checks against the measure using 15-minute reservoir data averaged per hour.

The number of hours that exceed the starting reservoir elevation are recorded for each 14 day period between the start and end date.

The starting elevation (midnight reservoir elevation) is reset each 14-day period and the total hourly count for all test periods is recorded for each scenario.

14 Calculated by (Total Scenario MWh / 13.2 MWh per home) / the # of years in the scenario

The MISC of 3000 homes per year is roughly 2% of the average equivalent homes/yr under the Baseline conditions.

15 Lowest 7-day average flow rate is determined from a rolling 7-day average of the average daily flow (cfs).

Where a average daily flow rate is determined from 15-minute flow (cfs) data averaged per 24 hour-day.

16 Habitat flows were estimates based on field experience with the subject reaches.

17 Floodplain Ecology inundation and maintenance flows for the river reach below Lake James were based on summary results presented 

in "Assessment of Hydraulic Geometry and Channel-Maintaining Discharges in the Catawba River Below Lake James", October 2001.

18 Floodplain Ecology inundation flows are initial estimates to be reviewed by the appropriate RC.

19 Maintenance flows for the river reach below Wylie and Wateree were based on geomorphic bankfull estimates for IFIM cross sections

Wylie Cross section at River Mile 137.5

Wateree Cross section at River Mile 67.6

20 Recreation flows are initial estimates to be reviewed by the appropriate RC.

21 Flooding flows are initial estimates based on the full hydraulic turbine capacity discharge plus 

Oxford- One gate full open at reservoir = 100

Lookout- Discharge over spillway at reservoir = 103

Wylie- One gate full open at reservoir = 100

Wateree- Discharge over spillway at reservoir = 103

*Exception Lake James Bank full estimates per reference in Note 17

22 MISC = Minimum Increment of Significant Change. The MISC has the same units (i.e., days, days/yr, percent, etc.) as does the Criterion on that same row of 

the spreadsheet. If the output of two scenarios for a particular Criterion does not differ by more than the MISC, then there is no significant difference between 

Power produced by the hydro project is actually supplied to Duke Power's electric system grid and is used by Duke Power's electric customers (including 

residential, industrial and commercial customers), as is power produced at other Duke Power generating stations. This criterion of average equivalent homes 

per year is intended to simply make the total energy production potential of the hydro project more understandable to stakeholder team members and to put a 

perspective around potential differences in hydropower production between various operational scenarios. This measure does not imply that any number of 

homes will go without power if a particular scenario is chosen.
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Hydrology Condition / Period = _______________   Stakeholder Interest Evaluation Spreadsheet James to Wylie
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CIS # (Note 1) Performance Measures Criterion (Note 2) Start Date End Date MISC
(note 22)

UC-Base_2012 UC-Base_2050
UC-

Alt6_UC2050_2012

UC-

Alt7_UC2050_2012

Lake James (including the Catawba River Bypassed Reach, Paddy Creek Bypassed Reach and the Bridgewater Regulated River Reach) (1999-2003) (1999-2003) (1999-2003) (1999-2003)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 387 350 387 387
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 506 504 506 506
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 39% 33% 39% 38%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 34% 28% 34% 34%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 26% 21% 26% 25%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 112 129 112 116
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 93.5 ft) during higher use months 1-Mar 31-Oct 25 43 65 43 49
Avg. days/yr lake level below critical level for public boat ramps (< 

92.0 ft) (Note 3) 1-Jan 31-Dec 3 6 21 6 6

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<93.0 ft) (Note 4) 1-Jan 31-Dec 3 51 88 52 61

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 10% 12% 10% 10%
Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes Days below critical level for hydro unit operation (< 61 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 275.35) for the evaluation period (Note 12) 1-Jan 31-Dec 15 95 95 95 95
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 16% 11% 16% 15%
Percent of days lake level within +/- 2 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 2 ft.) 1-Jan 31-Dec 5% 39% 30% 39% 36%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 42% 30% 42% 40%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 20% 24% 20% 21%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 13 13 13 13

Days lake level above 103 ft 1-Jan 31-Dec 1 0 0 0 0

FA22, FA31, FA34, FA35, FA39 Provide for aquatic habitat in the regulated river reach

Percent of hours at or below 175 cfs released from the hydro 

development (Note 14) 1-Jan 31-Dec 10% 72% 74% 72% 72%

Lake Rhodhiss

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 526 636 522 521
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 721 882 715 728
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 81% 79% 80% 79%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 71% 68% 71% 70%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 63% 58% 63% 61%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 34 48 35 37
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 94.0 ft) during higher use months 1-Mar 31-Oct 25 18 30 18 20
Avg. days/yr lake level below critical level for public boat ramps (< 

91.0 ft) (Note 3) 1-Jan 31-Dec 3 0 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 107 129 107 115

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 14% 19% 14% 14%
Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 89.4 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0

Days below critical level for hydro unit operation (< 79.1 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 24% 21% 24% 25%
Percent of days lake level within +/- 2 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 2 ft.) 1-Jan 31-Dec 5% 32% 29% 32% 33%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 31% 28% 31% 32%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0% 0%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 4 4 4 4

Days lake level above 103 ft 1-Jan 31-Dec 1 0 0 0 0

Lake Hickory (Including the Oxford Regulated River Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 296 548 270 265
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 833 1,134 798 752
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 83% 74% 83% 79%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 74% 69% 74% 71%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 62% 54% 62% 60%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 42 56 43 46

FA22, FA31, FA34, FA35, FA39 Provide for aquatic habitat in the regulated river reach

Percent of hours at or below 225 cfs released from the hydro 

development (Note 14) 1-Jan 31-Dec 10% 44% 48% 44% 44%
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 94.0 ft) during higher use months 1-Mar 31-Oct 25 7 14 7 10
Avg. days/yr lake level below critical level for public boat ramps (< 

91.0 ft) (Note 3) 1-Jan 31-Dec 3 0 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 120 149 121 125

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 14% 14% 14% 14%

R101, R111, R121, R124, R127, 

HOWQ44

Maximize days/yr of boating opportunities in the regulated river 

reach

Avg. days/yr of daytime flows ≥ 2500,  ≤ 5500 cfs released from the 

hydro development for at least 2 hrs/day during higher use months 

(Note 20) 1-Mar 31-Oct 25 108 125 110 110
Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 94 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for hydro unit operation (< 73 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 230) for the evaluation period (Note 12) 1-Jan 31-Dec 25 120 107 120 120
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 18% 18% 17% 19%
Percent of days lake level within +/- 2 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 2 ft.) 1-Jan 31-Dec 5% 31% 28% 33% 32%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 30% 30% 33% 32%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0% 0%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 0 0 0 0

Lookout Shoals Lake (including the Lookout Shoals Regulated River Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 494 697 534 776
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 1,099 1,259 1,267 1,331
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 87% 81% 86% 86%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 79% 82% 78% 77%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 74% 65% 74% 70%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 29 44 30 34
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 92.0 ft) during higher use months 1-Mar 31-Oct 25 0 1 0 0
Avg. days/yr lake level below critical level for public boat ramps (< 

92.0 ft) (Note 3) 1-Jan 31-Dec 3 0 1 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 81 112 83 94

Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 10% 13% 10% 10%
Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 74.9 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0

Days below critical level for hydro unit operation (< 72.9 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 17% 17% 16% 18%
Percent of days lake level within +/- 2 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 2 ft.) 1-Jan 31-Dec 5% 27% 27% 26% 28%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 25% 24% 23% 25%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0% 0%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 66 64 66 66

Days lake level above 103 ft 1-Jan 31-Dec 1 0 0 0 0
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Lake Norman

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 0 0 0 0
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 132 4 152 155
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 73% 54% 73% 73%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 73% 58% 72% 72%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 63% 37% 63% 60%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 25 71 26 27
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 96.0 ft) during higher use months 1-Mar 31-Oct 25 26 79 28 28
Avg. days/yr lake level below critical level for public boat ramps (< 

91.0 ft) (Note 3) 1-Jan 31-Dec 3 0 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<95.0 ft) (Note 4) 1-Jan 31-Dec 3 18 79 24 28

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 14% 19% 14% 15%
Water User Interests

HOWQ43, HOWQ53, HOWQ54, 

HOWQ55, HOWQ56, HOWQ57, 

HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest thermal power station operation 

(< 90 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for shallowest public water supply intake 

operation (< 85 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for shallowest industrial intake operation (< 75 

ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for hydro unit operation (< 65 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 23% 25% 23% 23%
Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 96% 79% 94% 93%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 63% 65% 63% 65%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0% 0%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 0 0 0 0

Mt Island Lake (including the Mt Island Bypassed Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 305 277 302 291
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 462 525 451 397
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 63% 34% 65% 63%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 51% 25% 53% 49%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 38% 17% 38% 34%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 79 136 77 83
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 91.0 ft) during higher use months 1-Mar 31-Oct 25 0 0 0 0
Avg. days/yr lake level below critical level for public boat ramps (< 

91.0 ft) (Note 3) 1-Jan 31-Dec 3 0 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<96.0 ft) (Note 4) 1-Jan 31-Dec 3 160 274 158 169

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 17% 17% 17% 17%
Water User Interests

HOWQ43, HOWQ53, HOWQ54, 

HOWQ55, HOWQ56, HOWQ57, 

HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest thermal power station operation 

(< 94.3 ft) (Note 3) 1-Jan 31-Dec 1 1 1 1 1
Days below critical level for shallowest public water supply intake 

operation (< 88 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0

Days below critical level for hydro unit operation (< 77.5 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 96.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 30% 26% 31% 33%
Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 96.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 72% 88% 72% 75%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 63% 84% 63% 67%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0% 0%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 8 6 8 8

Days lake level above 103 ft 1-Jan 31-Dec 1 0 0 0 0

Lake Wylie (including the Wylie Regulated River Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 97 105 99 101
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 187 189 162 173
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 74% 67% 75% 73%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 52% 50% 53% 52%
Percent of time of lake levels >= 97 ft during the growing season 1-Apr 30-Sep 10% 63% 61% 63% 63%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 33% 30% 33% 32%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 79 83 79 80
FA22, FA25, FA31, FA34, FA35, 

FA39 Provide for aquatic habitat in the regulated river reach

Percent of hours at or above 2000 cfs at Node 1 (RM 139.63) (Note 

14) 1-Jan 31-Dec 10%
Percent of hours at or above 1080 cfs at Node 1 (RM 139.63) (Note 

14) 1-Jan 31-Dec 10%
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 95.5 ft) during higher use months 1-Mar 31-Oct 25 92 96 92 93
Avg. days/yr lake level below critical level for public boat ramps (< 

95.5 ft) (Note 3) 1-Jan 31-Dec 3 150 157 149 153

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 212 224 213 216

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 18% 18% 18% 18%
Water User Interests

HOWQ43, HOWQ53, HOWQ54, 

HOWQ55, HOWQ56, HOWQ57, 

HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest industrial intake operation (< 

92.6 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for shallowest public water supply intake 

operation (< 92 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for shallowest thermal power station operation 

(< 90 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for hydro unit operation (< 74 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0

WQ189

Maximize low flows to maintain waste assimilation capacity of the 

regulated river reach.

Percent of days at or above approximate 7Q10 flow (450 cfs) released 

from the hydro development (RM 139.63) (Note 9) 1-Jan 31-Dec 5% 100% 100% 100% 100%
Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 139.63) for the evaluation period (Note 12) 1-Jan 31-Dec 45 860 720 860 860
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 25% 26% 25% 25%
Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 74% 67% 74% 73%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 36% 37% 35% 36%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 20% 26% 19% 20%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 0 0 0 0

Total Project Hydropower & Water Quantity Management

FA40, HOWQ41, HOWQ42, 

HOWQ58 Minimize inefficiencies in using water stored for generation Percent of hydropower generation lost due to unplanned spills (Note 8) 1-Jan 31-Dec 1% 4% 4% 4% 4%
Percent of hydropower generation lost due to other non-power 

generation uses (Note 9) 1-Jan 31-Dec 1% 13% 14% 13% 13%
FA40, HOWQ41, HOWQ58 Maximize hydropower generation Avg. MWH/yr of hydropower produced 1-Jan 31-Dec 31,000 907,563 856,993 903,277 903,657

Average equivalent # of homes per year that could be powered by the 

Hydro Project (Note 11) 1-Jan 31-Dec 2,500 68,755 64,924 68,430 68,459
HOWQ58, HOWQ41,HOWQ45 Maximize hydropower value Avg. hydro generation value in Normalized Dollars/yr (Note 8) 1-Jan 31-Dec $20,000 $484,362 $460,278 $482,315 $483,042

Background Performance Measure has improved vs. the Baseline Scenario

Background Performance Measure has declined vs. the Baseline Scenario

White Background There is no significant difference between the scenario and the Baseline Scenario by definition of MISC

CHEOPS Measures 2 Revision 0 Dated 1/17/05



Hydrology Condition / Period = _______________   Stakeholder Interest Evaluation Spreadsheet Wylie to Wateree

1

2

3

4

5

8

10

11

12

13

14

15

20

21

22

23

24

29

30

31

32

33

39

40

41

43

45

47

48
50

51

52

53

54

57

59

60

61

62

63

64

65

66

67

68

69

70

71

72

74

76

78

79
80

81

82

83

84

87

89

90

91

92

93

94

95

96

97

98

99

100

102

104

106

107

108
109

110

111

112

113

116

118

119

120

121

122

123

124

125

126

127

128

129

131

133

135

136

137
138

A B C D E F G H I J

CIS # (Note 1) Performance Measures Criterion (Note 2) Start Date End Date MISC
(note 22)

UC-Base_2012 UC-Base_2050
UC-

Alt6_UC2050_2012

UC-

Alt7_UC2050_2012

Lake Wylie (including the Wylie Regulated River Reach) (1999-2003) (1999-2003) (1999-2003) (1999-2003)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 97 105 99 101
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 187 189 162 173
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 74% 67% 75% 73%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 52% 50% 53% 52%
Percent of time of lake levels >= 97 ft during the growing season 1-Apr 30-Sep 10% 63% 61% 63% 63%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 33% 30% 33% 32%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 79 83 79 80
FA22, FA25, FA31, FA34, FA35, 

FA39 Provide for aquatic habitat in the regulated river reach

Percent of hours at or above 2000 cfs at Node 1 (RM 139.63) (Note 

14) 1-Jan 31-Dec 10%
Percent of hours at or above 1080 cfs at Node 1 (RM 139.63) (Note 

14) 1-Jan 31-Dec 10%
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 95.5 ft) during higher use months 1-Mar 31-Oct 25 92 96 92 93
Avg. days/yr lake level below critical level for public boat ramps (< 

95.5 ft) (Note 3) 1-Jan 31-Dec 3 150 157 149 153

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 212 224 213 216

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 18% 18% 18% 18%
Water User Interests

HOWQ43, HOWQ53, HOWQ54, 

HOWQ55, HOWQ56, HOWQ57, 

HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest industrial intake operation (< 

92.6 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for shallowest public water supply intake 

operation (< 92 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for shallowest thermal power station operation 

(< 90 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for hydro unit operation (< 74 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 139.63) for the evaluation period (Note 12) 1-Jan 31-Dec 45 860 720 860 860
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 25% 26% 25% 25%
Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 74% 67% 74% 73%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 36% 37% 35% 36%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 20% 26% 19% 20%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 0 0 0 0

Fishing Creek Reservoir

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 215 388 207 231
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 515 740 484 558
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 96% 95% 96% 96%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 98% 97% 98% 98%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 95% 95% 95% 95%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 2 1 2 1
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 95.0 ft) during higher use months 1-Mar 31-Oct 25 0 0 0 0
Avg. days/yr lake level below critical level for public boat ramps (< 

95.0 ft) (Note 3) 1-Jan 31-Dec 3 0 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 11 11 11 11

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 12% 12% 12% 11%
Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 95 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for shallowest industrial intake operation (< 

90.8 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0

Days below critical level for hydro unit operation (< 77.9 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 12% 12% 12% 13%
Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 100% 100% 100% 100%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 100% 100% 100% 100%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0% 0%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 2 2 3 1

Great Falls-Dearborn Reservoir (including the Great Falls Long Bypassed Reach and the Great Falls Short Bypassed Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 380 580 519 526
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 933 1,237 1,095 1,145
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 89% 89% 90% 89%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 92% 93% 92% 91%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 90% 91% 90% 90%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 3 3 4 2
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 98.0 ft) during higher use months 1-Mar 31-Oct 25 39 37 39 39
Avg. days/yr lake level below critical level for public boat ramps (< 

97.0 ft) (Note 3) 1-Jan 31-Dec 3 37 35 37 38

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<98.0 ft) (Note 4) 1-Jan 31-Dec 3 56 55 57 58

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 19% 18% 17% 17%
Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes Days below critical level for hydro unit operation (< 87.2 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 23% 22% 23% 23%
Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 100% 100% 100% 100%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 23% 21% 23% 23%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0% 0%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 32 26 31 30

Days lake level above 103 ft 1-Jan 31-Dec 1 1 2 0 1

Cedar Creek Reservoir

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 329 373 214 264
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 614 811 557 598
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 95% 95% 96% 95%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 95% 95% 96% 96%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 94% 94% 95% 94%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 0 0 0 0
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 98.5 ft) during higher use months 1-Mar 31-Oct 25 23 21 22 22
Avg. days/yr lake level below critical level for public boat ramps (< 

96.0 ft) (Note 3) 1-Jan 31-Dec 3 1 2 1 1

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 16 13 14 16

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 6% 6% 6% 6%
Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes Days below critical level for hydro unit operation (< 80.3 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 13% 15% 14% 14%
Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 100% 100% 100% 100%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 15% 15% 15% 16%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0% 0%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 1 2 2 2

Days lake level above 103 ft 1-Jan 31-Dec 1 0 0 0 0
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CIS # (Note 1) Performance Measures Criterion (Note 2) Start Date End Date MISC
(note 22)

UC-Base_2012 UC-Base_2050
UC-

Alt6_UC2050_2012

UC-

Alt7_UC2050_2012
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140

141

142

145

147

148

149

150

151

157

158

159

160

161

164

165

166

169

170

171

173
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179
181

182
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195

Lake Wateree (including the Wateree Regulated River Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 322 356 329 357
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 953 990 1,025 933
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 59% 52% 58% 56%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 76% 64% 75% 74%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 86% 80% 86% 85%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 8 18 8 8
FA22, FA25, FA31, FA34, FA35, 

FA39 Provide for aquatic habitat in the regulated river reach Percent of hours at or above 2000 cfs at Node 1 (RM 74.54) (Note 14) 1-Jan 31-Dec 10%

Percent of hours at or above 1200 cfs at Node 1 (RM 74.54) (Note 14) 1-Jan 31-Dec 10%
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 96.0 ft) during higher use months 1-Mar 31-Oct 25 16 35 16 17
Avg. days/yr lake level below critical level for public boat ramps (< 

93.0 ft) (Note 3) 1-Jan 31-Dec 3 0 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 29 55 30 31

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 10% 12% 10% 11%
Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 92.5 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for hydro unit operation (< 74 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 74.54) for the evaluation period (Note 12) 1-Jan 31-Dec 53 930 807 930 930
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 10% 12% 10% 11%
Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 100% 98% 100% 100%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 16% 18% 17% 16%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0% 0%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 16 15 16 16

Days lake level above 103 ft 1-Jan 31-Dec 1 0 0 0 0

Total Project Hydropower & Water Quantity Management

FA40, HOWQ41, HOWQ42, 

HOWQ58 Minimize inefficiencies in using water stored for generation Percent of hydropower generation lost due to unplanned spills (Note 8) 1-Jan 31-Dec 1% 4% 4% 4% 4%
Percent of hydropower generation lost due to other non-power 

generation uses (Note 9) 1-Jan 31-Dec 1% 13% 14% 13% 13%
FA40, HOWQ41, HOWQ58 Maximize hydropower generation Avg. MWH/yr of hydropower produced 1-Jan 31-Dec 31,000 907,563 856,993 903,277 903,657

Average equivalent # of homes per year that could be powered by the 

Hydro Project (Note 11) 1-Jan 31-Dec 2,500 68,755 64,924 68,430 68,459
HOWQ58, HOWQ41,HOWQ45 Maximize hydropower value Avg. hydro generation value in Normalized Dollars/yr (Note 8) 1-Jan 31-Dec $20,000 $484,362 $460,278 $482,315 $483,042

Background Performance Measure has improved vs. the Baseline Scenario

Background Performance Measure has declined vs. the Baseline Scenario

White Background There is no significant difference between the scenario and the Baseline Scenario by definition of MISC
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Hydrology Condition / Period = _______________   Stakeholder Interest Evaluation Spreadsheet Notes

Notes

1 CIS # are the Composite Interest Statement numbers taken from Rev 3 of the Composite Interest Statement document

dated 10/27/04 for the interests that are both (1) directly related to water quantity management and (2) reasonably measurable using CHEOPS.

The following CIS #'s represent interests that are directly related to water quantity, but that will be dealt with differently as noted,  

and therefore will not be tabulated individually:

CIS # Composite Interest Statement (Rev 3 - 10/27/04)

FA16 Provide run-of-river flows through every dam. Scenario design readily identifies whether or not interest is met.

FA36 Scenario design readily identifies whether or not interest is met.

FA38 Restore run-of-river flows to the Great Falls. Scenario design readily identifies whether or not interest is met.

R125 Scenario design readily identifies whether or not interest is met.

R126 Scenario design readily identifies whether or not interest is met.

HOWQ51 LIP design determines if interest is met.

HOWQ52 LIP design determines if interest is met.

2 For criterion that measure on an hourly or daily basis, unless stated otherwise:

a. If an hourly criterion occurs during the average of four contiguous 15-minute periods, then it counts as 1 hour.

b. If a daily criterion occurs for 5 contiguous 1-hour periods, then it counts as 1 day.

3 Critical lake elevations per Attachment F of Draft AIP dated 10/15/04.

4 See App. C of Draft Reservoir Level Study Report dated 11/10/04 for average monthly lake levels during post-Cowans Ford era. 

Areas within the lakes are considered boatable if the water depth is greater than or equal to 3 ft. 

Lake surface areas are determined using Area-Volume Curves (i.e., a set of curves for each lake that 

graph both lake surface area and lake volume verses water depth).

5 Low Inflow Protocol (LIP) Trigger Point considerations.

6 Low Inflow Protocol (LIP) Trigger Point considerations.

7 Developed areas include areas with roads, houses and other man-made structures.

8 Includes lost hydropower generation due to unplanned spilling of water at hydro station dams. 

This measure does not include energy losses from evaporation, dam leakage or groundwater recharge. 

9 Includes lost hydropower due to minimum flow and recreation flow releases that bypass the hydro station and public water supply and industrial withdrawals. 

This measure does not include energy losses from evaporation, dam leakage or groundwater recharge. 

10 Normalized dollar value of hydropower generated in a given year =

[∑ (MWH x market value for each hour)]/(Highest hourly market price in that year)

11 Flow rates needed to provide for basic navigation. These flow rates are determined by the Instream Flow Study 

and/or the Recreation Flow Study. In SC, the flow rates are based on meeting SCDNR's navigation criteria.

In NC, the flow rates are based on Rec 02 studies.

12 7Q10 Flow rate = Lowest average flow rate over a 7-day period that statistically is likely to occur once every 10 years.

The approximate 7Q10 flow rates listed in this document are from Table 6.1-1, Summary of Catawba-Wateree Project 

Hydrology as shown in Duke Power's First Stage Consultation Document dated 2003.

13 Absolute Lake level variation is determined from hourly checks against the measure using 15-minute reservoir data averaged per hour.

The number of hours that exceed the starting reservoir elevation are recorded for each 14 day period between the start and end date.

The starting elevation (midnight reservoir elevation) is reset each 14-day period and the total hourly count for all test periods is recorded for each scenario.

14 Calculated by (Total Scenario MWh / 13.2 MWh per home) / the # of years in the scenario

The MISC of 3000 homes per year is roughly 2% of the average equivalent homes/yr under the Baseline conditions.

15 Lowest 7-day average flow rate is determined from a rolling 7-day average of the average daily flow (cfs).

Where a average daily flow rate is determined from 15-minute flow (cfs) data averaged per 24 hour-day.

16 Habitat flows were estimates based on field experience with the subject reaches.

17 Floodplain Ecology inundation and maintenance flows for the river reach below Lake James were based on summary results presented 

in "Assessment of Hydraulic Geometry and Channel-Maintaining Discharges in the Catawba River Below Lake James", October 2001.

18 Floodplain Ecology inundation flows are initial estimates to be reviewed by the appropriate RC.

19 Maintenance flows for the river reach below Wylie and Wateree were based on geomorphic bankfull estimates for IFIM cross sections

Wylie Cross section at River Mile 137.5

Wateree Cross section at River Mile 67.6

20 Recreation flows are initial estimates to be reviewed by the appropriate RC.

21 Flooding flows are initial estimates based on the full hydraulic turbine capacity discharge plus 

Oxford- One gate full open at reservoir = 100

Lookout- Discharge over spillway at reservoir = 103

Wylie- One gate full open at reservoir = 100

Wateree- Discharge over spillway at reservoir = 103

*Exception Lake James Bank full estimates per reference in Note 17

22

      being measured by a particular Criterion. 

Tie the low inflow protocol to both water conservation and energy 

conservation.

Assure that the low inflow protocol fully protects aquatic resources, 

water quality, and recreation.

Disposition

Mimic day, month, and annual natural flow patterns including 

natural floods in riverine and bypass areas.

Provide predictable recreation releases on bypass sections 

including the Great Falls bypass.

Provide predictable recreation releases on river sections (i.e., allow 

recreation users to plan ahead for river use).

c.   Adjustments to the MISC numbers (up or down) have also been made depending on the desires of the stakeholders that primarily have the interests that are

Also, daytime flows are assumed to be flows provided between 7:00 am and 7:00 pm. To the extent possible, each Criterion is defined in terms of 

percents and averages/yr so that the same Criterion is useful regardless of the length of the hydrology period (i.e., 1-yr, 3-yr, full period of record, 

etc.)

MISC = Minimum Increment of Significant Change. The MISC has the same units (i.e., days, days/yr, percent, etc.) as does the Criterion on that same row of the 

spreadsheet. If the output of two scenarios for a particular Criterion does not differ by more than the MISC, then there is no significant difference between those 

two scenarios as far as the Criterion in question is concerned. The following guidelines were used to establish the MISC numbers:

a.   As a general rule, MISC numbers are set at 10% of the possible total for that Criterion considering the Start/Stop dates.

b.   MISC numbers for Criterion that have the most negative outcomes if reached are typically set at less than 10% of the possible total for that Criterion.

Power produced by the hydro project is actually supplied to Duke Power's electric system grid and is used by Duke Power's electric customers (including 

residential, industrial and commercial customers), as is power produced at other Duke Power generating stations. This criterion of average equivalent homes 

per year is intended to simply make the total energy production potential of the hydro project more understandable to stakeholder team members and to put a 

perspective around potential differences in hydropower production between various operational scenarios. This measure does not imply that any number of 

homes will go without power if a particular scenario is chosen.
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CIS # (Note 1) Performance Measures Criterion (Note 2) Start Date End Date MISC
(note 22)

UC-Base_2012 UC-Base_2050
UC-

Alt6_UC2050_2012

UC-

Alt7_UC2050_2012

Lake James (including the Catawba River Bypassed Reach, Paddy Creek Bypassed Reach and the Bridgewater Regulated River Reach) (2006-2009) (2006-2009) (2006-2009) (2006-2009)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 278 81 102 102
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 434 387 431 432
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 50% 32% 50% 50%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 60% 40% 60% 60%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 51% 41% 51% 51%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 74 81 74 74
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 93.5 ft) during higher use months 1-Mar 31-Oct 25 44 57 44 44
Avg. days/yr lake level below critical level for public boat ramps (< 

92.0 ft) (Note 3) 1-Jan 31-Dec 3 40 49 39 39

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<93.0 ft) (Note 4) 1-Jan 31-Dec 3 59 74 60 60

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 13% 26% 13% 13%
Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes Days below critical level for hydro unit operation (< 61 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 275.35) for the evaluation period (Note 12) 1-Jan 31-Dec 15 95 95 95 95
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 11% 12% 11% 11%
Percent of days lake level within +/- 2 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 2 ft.) 1-Jan 31-Dec 5% 61% 57% 61% 61%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 49% 48% 49% 49%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 8% 7% 8% 8%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 10 7 10 10

Days lake level above 103 ft 1-Jan 31-Dec 1 0 0 0 0

FA22, FA31, FA34, FA35, FA39 Provide for aquatic habitat in the regulated river reach

Percent of hours at or below 175 cfs released from the hydro 

development (Note 14) 1-Jan 31-Dec 10% 60% 64% 60% 60%

Lake Rhodhiss

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 28 272 36 28
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 126 377 99 155
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 77% 77% 76% 75%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 82% 79% 82% 80%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 70% 71% 70% 69%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 24 25 23 24
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 94.0 ft) during higher use months 1-Mar 31-Oct 25 25 23 25 26
Avg. days/yr lake level below critical level for public boat ramps (< 

91.0 ft) (Note 3) 1-Jan 31-Dec 3 0 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 82 79 81 83

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 18% 18% 18% 18%
Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 89.4 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0

Days below critical level for hydro unit operation (< 79.1 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 21% 19% 21% 22%
Percent of days lake level within +/- 2 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 2 ft.) 1-Jan 31-Dec 5% 26% 25% 26% 27%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 26% 24% 25% 26%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0% 0%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 7 7 7 7

Days lake level above 103 ft 1-Jan 31-Dec 1 0 0 0 0

Lake Hickory (Including the Oxford Regulated River Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 0 115 0 0
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 162 156 168 154
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 67% 74% 67% 67%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 73% 78% 73% 73%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 64% 68% 64% 64%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 26 26 26 26

FA22, FA31, FA34, FA35, FA39 Provide for aquatic habitat in the regulated river reach

Percent of hours at or below 225 cfs released from the hydro 

development (Note 14) 1-Jan 31-Dec 10% 29% 29% 29% 29%
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 94.0 ft) during higher use months 1-Mar 31-Oct 25 6 4 6 7
Avg. days/yr lake level below critical level for public boat ramps (< 

91.0 ft) (Note 3) 1-Jan 31-Dec 3 0 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 114 100 114 114

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 14% 14% 14% 14%

R101, R111, R121, R124, R127, 

HOWQ44

Maximize days/yr of boating opportunities in the regulated river 

reach

Avg. days/yr of daytime flows ≥ 2500,  ≤ 5500 cfs released from the 

hydro development for at least 2 hrs/day during higher use months 

(Note 20) 1-Mar 31-Oct 25 69 69 69 68
Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 94 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for hydro unit operation (< 73 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 230) for the evaluation period (Note 12) 1-Jan 31-Dec 25 103 100 103 103
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 23% 20% 24% 23%
Percent of days lake level within +/- 2 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 2 ft.) 1-Jan 31-Dec 5% 28% 28% 28% 28%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 27% 27% 27% 27%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0% 0%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 0 0 0 0

Lookout Shoals Lake (including the Lookout Shoals Regulated River Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 120 114 118 121
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 299 273 298 298
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 81% 86% 83% 82%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 88% 87% 90% 89%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 74% 75% 74% 74%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 28 28 28 28
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 92.0 ft) during higher use months 1-Mar 31-Oct 25 3 5 3 4
Avg. days/yr lake level below critical level for public boat ramps (< 

92.0 ft) (Note 3) 1-Jan 31-Dec 3 9 11 9 10

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 84 78 83 84

Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 13% 15% 13% 14%
Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 74.9 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0

Days below critical level for hydro unit operation (< 72.9 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 16% 15% 16% 16%
Percent of days lake level within +/- 2 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 2 ft.) 1-Jan 31-Dec 5% 21% 20% 20% 21%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 20% 19% 19% 20%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0% 0%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 60 56 60 60

Days lake level above 103 ft 1-Jan 31-Dec 1 2 2 2 2
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Lake Norman

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 0 0 0 0
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 0 0 0 0
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 52% 26% 52% 51%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 66% 36% 66% 66%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 54% 38% 53% 53%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 50 60 50 51
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 96.0 ft) during higher use months 1-Mar 31-Oct 25 36 54 37 38
Avg. days/yr lake level below critical level for public boat ramps (< 

91.0 ft) (Note 3) 1-Jan 31-Dec 3 0 23 0 6

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<95.0 ft) (Note 4) 1-Jan 31-Dec 3 69 76 69 70

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 21% 23% 21% 21%
Water User Interests

HOWQ43, HOWQ53, HOWQ54, 

HOWQ55, HOWQ56, HOWQ57, 

HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest thermal power station operation 

(< 90 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for shallowest public water supply intake 

operation (< 85 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for shallowest industrial intake operation (< 75 

ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for hydro unit operation (< 65 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 12% 23% 12% 12%
Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 82% 79% 82% 81%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 67% 66% 67% 66%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0% 0%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 5 0 4 4

Mt Island Lake (including the Mt Island Bypassed Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 0 0 0 0
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 130 107 167 172
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 66% 65% 66% 65%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 72% 71% 72% 72%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 63% 62% 63% 63%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 55 57 55 55
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 91.0 ft) during higher use months 1-Mar 31-Oct 25 0 0 0 0
Avg. days/yr lake level below critical level for public boat ramps (< 

91.0 ft) (Note 3) 1-Jan 31-Dec 3 0 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<96.0 ft) (Note 4) 1-Jan 31-Dec 3 114 116 114 113

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 17% 17% 17% 17%
Water User Interests

HOWQ43, HOWQ53, HOWQ54, 

HOWQ55, HOWQ56, HOWQ57, 

HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest thermal power station operation 

(< 94.3 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for shallowest public water supply intake 

operation (< 88 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0

Days below critical level for hydro unit operation (< 77.5 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 96.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 22% 21% 21% 21%
Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 96.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 40% 41% 40% 40%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 38% 38% 38% 38%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0% 0%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 10 10 10 10

Days lake level above 103 ft 1-Jan 31-Dec 1 0 0 0 0

Lake Wylie (including the Wylie Regulated River Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 0 0 0 0
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 0 0 0 0
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 60% 72% 61% 58%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 64% 62% 64% 61%
Percent of time of lake levels >= 97 ft during the growing season 1-Apr 30-Sep 10% 81% 78% 81% 78%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 57% 55% 57% 56%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 33 35 33 33
FA22, FA25, FA31, FA34, FA35, 

FA39 Provide for aquatic habitat in the regulated river reach

Percent of hours at or above 2000 cfs at Node 1 (RM 139.63) (Note 

14) 1-Jan 31-Dec 10%
Percent of hours at or above 1080 cfs at Node 1 (RM 139.63) (Note 

14) 1-Jan 31-Dec 10%
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 95.5 ft) during higher use months 1-Mar 31-Oct 25 36 36 36 36
Avg. days/yr lake level below critical level for public boat ramps (< 

95.5 ft) (Note 3) 1-Jan 31-Dec 3 64 64 63 64

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 113 122 112 116

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 18% 18% 18% 18%
Water User Interests

HOWQ43, HOWQ53, HOWQ54, 

HOWQ55, HOWQ56, HOWQ57, 

HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest industrial intake operation (< 

92.6 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for shallowest public water supply intake 

operation (< 92 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for shallowest thermal power station operation 

(< 90 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for hydro unit operation (< 74 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0

WQ189

Maximize low flows to maintain waste assimilation capacity of the 

regulated river reach.

Percent of days at or above approximate 7Q10 flow (450 cfs) released 

from the hydro development (RM 139.63) (Note 9) 1-Jan 31-Dec 5% 100% 100% 100% 100%
Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 139.63) for the evaluation period (Note 12) 1-Jan 31-Dec 45 720 700 720 720
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 25% 27% 25% 27%
Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 85% 85% 85% 85%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 34% 39% 34% 35%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 12% 11% 12% 12%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 0 1 0 0

Total Project Hydropower & Water Quantity Management

FA40, HOWQ41, HOWQ42, 

HOWQ58 Minimize inefficiencies in using water stored for generation Percent of hydropower generation lost due to unplanned spills (Note 8) 1-Jan 31-Dec 1% 5% 4% 5% 5%
Percent of hydropower generation lost due to other non-power 

generation uses (Note 9) 1-Jan 31-Dec 1% 17% 20% 17% 17%
FA40, HOWQ41, HOWQ58 Maximize hydropower generation Avg. MWH/yr of hydropower produced 1-Jan 31-Dec 31,000 931,212 851,315 926,057 926,215

Average equivalent # of homes per year that could be powered by the 

Hydro Project (Note 11) 1-Jan 31-Dec 2,500 70,546 64,494 70,156 70,168
HOWQ58, HOWQ41,HOWQ45 Maximize hydropower value Avg. hydro generation value in Normalized Dollars/yr (Note 8) 1-Jan 31-Dec $20,000 $484,378 $445,738 $481,776 $481,609

Background Performance Measure has improved vs. the Baseline Scenario

Background Performance Measure has declined vs. the Baseline Scenario

White Background There is no significant difference between the scenario and the Baseline Scenario by definition of MISC
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CIS # (Note 1) Performance Measures Criterion (Note 2) Start Date End Date MISC
(note 22)

UC-Base_2012 UC-Base_2050
UC-

Alt6_UC2050_2012

UC-

Alt7_UC2050_2012

Lake Wylie (including the Wylie Regulated River Reach) (2006-2009) (2006-2009) (2006-2009) (2006-2009)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 0 0 0 0
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 0 0 0 0
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 60% 72% 61% 58%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 64% 62% 64% 61%
Percent of time of lake levels >= 97 ft during the growing season 1-Apr 30-Sep 10% 81% 78% 81% 78%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 57% 55% 57% 56%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 33 35 33 33
FA22, FA25, FA31, FA34, FA35, 

FA39 Provide for aquatic habitat in the regulated river reach

Percent of hours at or above 2000 cfs at Node 1 (RM 139.63) (Note 

14) 1-Jan 31-Dec 10%
Percent of hours at or above 1080 cfs at Node 1 (RM 139.63) (Note 

14) 1-Jan 31-Dec 10%
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 95.5 ft) during higher use months 1-Mar 31-Oct 25 36 36 36 36
Avg. days/yr lake level below critical level for public boat ramps (< 

95.5 ft) (Note 3) 1-Jan 31-Dec 3 64 64 63 64

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 113 122 112 116

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 18% 18% 18% 18%
Water User Interests

HOWQ43, HOWQ53, HOWQ54, 

HOWQ55, HOWQ56, HOWQ57, 

HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest industrial intake operation (< 

92.6 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for shallowest public water supply intake 

operation (< 92 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for shallowest thermal power station operation 

(< 90 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for hydro unit operation (< 74 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 139.63) for the evaluation period (Note 12) 1-Jan 31-Dec 45 720 700 720 720
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 25% 27% 25% 27%
Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 85% 85% 85% 85%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 34% 39% 34% 35%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 12% 11% 12% 12%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 0 1 0 0

Fishing Creek Reservoir

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 245 91 306 195
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 684 402 661 578
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 90% 94% 90% 90%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 98% 98% 98% 98%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 92% 93% 92% 92%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 2 2 1 2
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 95.0 ft) during higher use months 1-Mar 31-Oct 25 0 0 0 0
Avg. days/yr lake level below critical level for public boat ramps (< 

95.0 ft) (Note 3) 1-Jan 31-Dec 3 0 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 18 15 18 18

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 16% 15% 16% 17%
Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 95 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for shallowest industrial intake operation (< 

90.8 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0

Days below critical level for hydro unit operation (< 77.9 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 15% 15% 15% 15%
Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 100% 100% 100% 100%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 100% 100% 100% 100%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0% 0%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 0 0 0 0

Great Falls-Dearborn Reservoir (including the Great Falls Long Bypassed Reach and the Great Falls Short Bypassed Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 591 511 668 617
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 818 801 983 911
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 86% 88% 87% 86%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 94% 95% 95% 94%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 90% 90% 90% 89%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 4 5 5 5
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 98.0 ft) during higher use months 1-Mar 31-Oct 25 24 21 23 25
Avg. days/yr lake level below critical level for public boat ramps (< 

97.0 ft) (Note 3) 1-Jan 31-Dec 3 39 37 38 42

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<98.0 ft) (Note 4) 1-Jan 31-Dec 3 58 54 57 59

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 20% 18% 19% 20%
Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes Days below critical level for hydro unit operation (< 87.2 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 22% 20% 22% 22%
Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 100% 100% 100% 100%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 22% 20% 22% 22%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0% 0%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 25 27 25 27

Days lake level above 103 ft 1-Jan 31-Dec 1 0 0 0 0

Cedar Creek Reservoir

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 201 321 311 300
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 564 593 683 630
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 90% 93% 90% 90%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 97% 97% 97% 97%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 90% 92% 91% 90%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 0 0 0 0
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 98.5 ft) during higher use months 1-Mar 31-Oct 25 20 13 19 19
Avg. days/yr lake level below critical level for public boat ramps (< 

96.0 ft) (Note 3) 1-Jan 31-Dec 3 1 2 1 1

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 23 20 23 23

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 6% 6% 6% 6%
Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes Days below critical level for hydro unit operation (< 80.3 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 19% 18% 19% 18%
Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 100% 100% 100% 100%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 20% 18% 20% 20%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0% 0%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 0 0 0 0

Days lake level above 103 ft 1-Jan 31-Dec 1 0 0 0 0
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CIS # (Note 1) Performance Measures Criterion (Note 2) Start Date End Date MISC
(note 22)

UC-Base_2012 UC-Base_2050
UC-

Alt6_UC2050_2012

UC-

Alt7_UC2050_2012
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Lake Wateree (including the Wateree Regulated River Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 23 157 10 2
Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 142 252 121 100
Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 66% 64% 67% 66%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 77% 66% 76% 75%
Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 88% 74% 82% 88%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 14 44 13 14
FA22, FA25, FA31, FA34, FA35, 

FA39 Provide for aquatic habitat in the regulated river reach Percent of hours at or above 2000 cfs at Node 1 (RM 74.54) (Note 14) 1-Jan 31-Dec 10%

Percent of hours at or above 1200 cfs at Node 1 (RM 74.54) (Note 14) 1-Jan 31-Dec 10%
Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 96.0 ft) during higher use months 1-Mar 31-Oct 25 29 68 26 29
Avg. days/yr lake level below critical level for public boat ramps (< 

93.0 ft) (Note 3) 1-Jan 31-Dec 3 0 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-

Cowans Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 36 91 36 36

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 11% 13% 11% 11%
Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 92.5 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Days below critical level for hydro unit operation (< 74 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0 0
Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 74.54) for the evaluation period (Note 12) 1-Jan 31-Dec 53 807 800 807 807
Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 5% 3% 12% 5%
Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 99% 97% 99% 99%
Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 20% 19% 21% 21%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0% 0%
HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 13 11 13 13

Days lake level above 103 ft 1-Jan 31-Dec 1 0 0 0 0

Total Project Hydropower & Water Quantity Management

FA40, HOWQ41, HOWQ42, 

HOWQ58 Minimize inefficiencies in using water stored for generation Percent of hydropower generation lost due to unplanned spills (Note 8) 1-Jan 31-Dec 1% 5% 4% 5% 5%
Percent of hydropower generation lost due to other non-power 

generation uses (Note 9) 1-Jan 31-Dec 1% 17% 20% 17% 17%
FA40, HOWQ41, HOWQ58 Maximize hydropower generation Avg. MWH/yr of hydropower produced 1-Jan 31-Dec 31,000 931,212 851,315 926,057 926,215

Average equivalent # of homes per year that could be powered by the 

Hydro Project (Note 11) 1-Jan 31-Dec 2,500 70,546 64,494 70,156 70,168
HOWQ58, HOWQ41,HOWQ45 Maximize hydropower value Avg. hydro generation value in Normalized Dollars/yr (Note 8) 1-Jan 31-Dec $20,000 $484,378 $445,738 $481,776 $481,609

Background Performance Measure has improved vs. the Baseline Scenario

Background Performance Measure has declined vs. the Baseline Scenario

White Background There is no significant difference between the scenario and the Baseline Scenario by definition of MISC
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Hydrology Condition / Period = _______________   Stakeholder Interest Evaluation Spreadsheet Notes

Notes

1 CIS # are the Composite Interest Statement numbers taken from Rev 3 of the Composite Interest Statement document

dated 10/27/04 for the interests that are both (1) directly related to water quantity management and (2) reasonably measurable using CHEOPS.

The following CIS #'s represent interests that are directly related to water quantity, but that will be dealt with differently as noted,  

and therefore will not be tabulated individually:

CIS # Composite Interest Statement (Rev 3 - 10/27/04)

FA16 Provide run-of-river flows through every dam. Scenario design readily identifies whether or not interest is met.

FA36 Scenario design readily identifies whether or not interest is met.

FA38 Restore run-of-river flows to the Great Falls. Scenario design readily identifies whether or not interest is met.

R125 Scenario design readily identifies whether or not interest is met.

R126 Scenario design readily identifies whether or not interest is met.

HOWQ51 LIP design determines if interest is met.

HOWQ52 LIP design determines if interest is met.

2 For criterion that measure on an hourly or daily basis, unless stated otherwise:

a. If an hourly criterion occurs during the average of four contiguous 15-minute periods, then it counts as 1 hour.

b. If a daily criterion occurs for 5 contiguous 1-hour periods, then it counts as 1 day.

3 Critical lake elevations per Attachment F of Draft AIP dated 10/15/04.

4 See App. C of Draft Reservoir Level Study Report dated 11/10/04 for average monthly lake levels during post-Cowans Ford era. 

Areas within the lakes are considered boatable if the water depth is greater than or equal to 3 ft. 

Lake surface areas are determined using Area-Volume Curves (i.e., a set of curves for each lake that 

graph both lake surface area and lake volume verses water depth).

5 Low Inflow Protocol (LIP) Trigger Point considerations.

6 Low Inflow Protocol (LIP) Trigger Point considerations.

7 Developed areas include areas with roads, houses and other man-made structures.

8 Includes lost hydropower generation due to unplanned spilling of water at hydro station dams. 

This measure does not include energy losses from evaporation, dam leakage or groundwater recharge. 

9 Includes lost hydropower due to minimum flow and recreation flow releases that bypass the hydro station and public water supply and industrial withdrawals. 

This measure does not include energy losses from evaporation, dam leakage or groundwater recharge. 

10 Normalized dollar value of hydropower generated in a given year =

[∑ (MWH x market value for each hour)]/(Highest hourly market price in that year)

11 Flow rates needed to provide for basic navigation. These flow rates are determined by the Instream Flow Study 

and/or the Recreation Flow Study. In SC, the flow rates are based on meeting SCDNR's navigation criteria.

In NC, the flow rates are based on Rec 02 studies.

12 7Q10 Flow rate = Lowest average flow rate over a 7-day period that statistically is likely to occur once every 10 years.

The approximate 7Q10 flow rates listed in this document are from Table 6.1-1, Summary of Catawba-Wateree Project 

Hydrology as shown in Duke Power's First Stage Consultation Document dated 2003.

13 Absolute Lake level variation is determined from hourly checks against the measure using 15-minute reservoir data averaged per hour.

The number of hours that exceed the starting reservoir elevation are recorded for each 14 day period between the start and end date.

The starting elevation (midnight reservoir elevation) is reset each 14-day period and the total hourly count for all test periods is recorded for each scenario.

14 Calculated by (Total Scenario MWh / 13.2 MWh per home) / the # of years in the scenario

The MISC of 3000 homes per year is roughly 2% of the average equivalent homes/yr under the Baseline conditions.

15 Lowest 7-day average flow rate is determined from a rolling 7-day average of the average daily flow (cfs).

Where a average daily flow rate is determined from 15-minute flow (cfs) data averaged per 24 hour-day.

16 Habitat flows were estimates based on field experience with the subject reaches.

17 Floodplain Ecology inundation and maintenance flows for the river reach below Lake James were based on summary results presented 

in "Assessment of Hydraulic Geometry and Channel-Maintaining Discharges in the Catawba River Below Lake James", October 2001.

18 Floodplain Ecology inundation flows are initial estimates to be reviewed by the appropriate RC.

19 Maintenance flows for the river reach below Wylie and Wateree were based on geomorphic bankfull estimates for IFIM cross sections

Wylie Cross section at River Mile 137.5

Wateree Cross section at River Mile 67.6

20 Recreation flows are initial estimates to be reviewed by the appropriate RC.

21 Flooding flows are initial estimates based on the full hydraulic turbine capacity discharge plus 

Oxford- One gate full open at reservoir = 100

Lookout- Discharge over spillway at reservoir = 103

Wylie- One gate full open at reservoir = 100

Wateree- Discharge over spillway at reservoir = 103

*Exception Lake James Bank full estimates per reference in Note 17

22

      being measured by a particular Criterion. 

Tie the low inflow protocol to both water conservation and energy 

conservation.

Assure that the low inflow protocol fully protects aquatic resources, 

water quality, and recreation.

Disposition

Mimic day, month, and annual natural flow patterns including 

natural floods in riverine and bypass areas.

Provide predictable recreation releases on bypass sections 

including the Great Falls bypass.

Provide predictable recreation releases on river sections (i.e., allow 

recreation users to plan ahead for river use).

c.   Adjustments to the MISC numbers (up or down) have also been made depending on the desires of the stakeholders that primarily have the interests that are

Also, daytime flows are assumed to be flows provided between 7:00 am and 7:00 pm. To the extent possible, each Criterion is defined in terms of 

percents and averages/yr so that the same Criterion is useful regardless of the length of the hydrology period (i.e., 1-yr, 3-yr, full period of record, 

etc.)

MISC = Minimum Increment of Significant Change. The MISC has the same units (i.e., days, days/yr, percent, etc.) as does the Criterion on that same row of the 

spreadsheet. If the output of two scenarios for a particular Criterion does not differ by more than the MISC, then there is no significant difference between those 

two scenarios as far as the Criterion in question is concerned. The following guidelines were used to establish the MISC numbers:

a.   As a general rule, MISC numbers are set at 10% of the possible total for that Criterion considering the Start/Stop dates.

b.   MISC numbers for Criterion that have the most negative outcomes if reached are typically set at less than 10% of the possible total for that Criterion.

Power produced by the hydro project is actually supplied to Duke Power's electric system grid and is used by Duke Power's electric customers (including 

residential, industrial and commercial customers), as is power produced at other Duke Power generating stations. This criterion of average equivalent homes 

per year is intended to simply make the total energy production potential of the hydro project more understandable to stakeholder team members and to put a 

perspective around potential differences in hydropower production between various operational scenarios. This measure does not imply that any number of 

homes will go without power if a particular scenario is chosen.
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CIS # (Note 1) Performance Measures Criterion (Note 2) Start Date End Date MISC
(note 22)

UC-Base_2050 UC-Alt6_2050 UC-Alt7_2050

Lake James (including the Catawba River Bypassed Reach, Paddy Creek Bypassed Reach and the Bridgewater Regulated River Reach) (1929-2010) (1929-2010) (1929-2010)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 6,959 7,068 7,006

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 13,934 14,017 13,653

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 32% 32% 34%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 35% 35% 36%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 32% 32% 32%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 90 90 89

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 93.5 ft) during higher use months 1-Mar 31-Oct 25 20 21 20

Avg. days/yr lake level below critical level for public boat ramps (< 92.0 

ft) (Note 3) 1-Jan 31-Dec 3 8 8 9

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<93.0 ft) (Note 4) 1-Jan 31-Dec 3 26 27 26

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 26% 26% 28%

Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes Days below critical level for hydro unit operation (< 61 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 275.35) for the evaluation period (Note 12) 1-Jan 31-Dec 15 75 75 75

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 16% 16% 16%

Percent of days lake level within +/- 2 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 2 ft.) 1-Jan 31-Dec 5% 52% 52% 52%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 54% 54% 54%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 7% 7% 7%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 296 298 297

Days lake level above 103 ft 1-Jan 31-Dec 1 10 10 10

FA22, FA31, FA34, FA35, FA39 Provide for aquatic habitat in the regulated river reach

Percent of hours at or below 175 cfs released from the hydro 

development (Note 14) 1-Jan 31-Dec 10% 63% 63% 62%

Lake Rhodhiss

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 9,387 9,512 8,792

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 19,789 20,000 19,080

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 55% 55% 56%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 53% 53% 54%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 52% 52% 52%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 22 22 22

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 94.0 ft) during higher use months 1-Mar 31-Oct 25 7 7 7

Avg. days/yr lake level below critical level for public boat ramps (< 91.0 

ft) (Note 3) 1-Jan 31-Dec 3 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 133 133 132

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 19% 19% 19%

Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 89.4 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for hydro unit operation (< 79.1 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 45% 45% 44%

Percent of days lake level within +/- 2 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 2 ft.) 1-Jan 31-Dec 5% 52% 52% 51%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 51% 51% 50%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 304 302 304

Days lake level above 103 ft 1-Jan 31-Dec 1 25 25 26

Lake Hickory (Including the Oxford Regulated River Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 5,724 5,811 5,575

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 16,889 16,946 15,965

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 52% 52% 54%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 51% 50% 52%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 48% 48% 48%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 24 25 24

FA22, FA31, FA34, FA35, FA39 Provide for aquatic habitat in the regulated river reach

Percent of hours at or below 225 cfs released from the hydro 

development (Note 14) 1-Jan 31-Dec 10% 40% 40% 40%

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 94.0 ft) during higher use months 1-Mar 31-Oct 25 2 2 2

Avg. days/yr lake level below critical level for public boat ramps (< 91.0 

ft) (Note 3) 1-Jan 31-Dec 3 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 153 153 151

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 14% 14% 14%

R101, R111, R121, R124, R127, 

HOWQ44

Maximize days/yr of boating opportunities in the regulated river 

reach

Avg. days/yr of daytime flows ≥ 2500,  ≤ 5500 cfs released from the 

hydro development for at least 2 hrs/day during higher use months 

(Note 20) 1-Mar 31-Oct 25 148 149 146

Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 94 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for hydro unit operation (< 73 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 230) for the evaluation period (Note 12) 1-Jan 31-Dec 25 100 100 120

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 43% 43% 43%

Percent of days lake level within +/- 2 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 2 ft.) 1-Jan 31-Dec 5% 53% 53% 53%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 53% 53% 52%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 1 1 1

Lookout Shoals Lake (including the Lookout Shoals Regulated River Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 14,937 15,518 14,199

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 26,964 27,835 26,962

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 65% 65% 66%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 63% 63% 64%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 61% 60% 61%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 29 30 30

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 92.0 ft) during higher use months 1-Mar 31-Oct 25 0 0 0

Avg. days/yr lake level below critical level for public boat ramps (< 92.0 

ft) (Note 3) 1-Jan 31-Dec 3 1 1 1

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 123 124 123

Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 15% 15% 15%

Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 74.9 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for hydro unit operation (< 72.9 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 36% 36% 36%

Percent of days lake level within +/- 2 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 2 ft.) 1-Jan 31-Dec 5% 49% 49% 48%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 47% 46% 46%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 1,569 1,572 1,592

Days lake level above 103 ft 1-Jan 31-Dec 1 59 59 59

Lake Norman

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 2,155 2,155 2,158

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 3,360 3,368 3,464

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 45% 45% 46%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 54% 53% 55%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 41% 41% 41%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 38 39 38

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 96.0 ft) during higher use months 1-Mar 31-Oct 25 22 23 22
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Avg. days/yr lake level below critical level for public boat ramps (< 91.0 

ft) (Note 3) 1-Jan 31-Dec 3 1 1 1

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<95.0 ft) (Note 4) 1-Jan 31-Dec 3 32 32 30

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 23% 23% 23%

Water User Interests

HOWQ43, HOWQ53, HOWQ54, 

HOWQ55, HOWQ56, HOWQ57, 

HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest thermal power station operation 

(< 90 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for shallowest public water supply intake 

operation (< 85 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for shallowest industrial intake operation (< 75 

ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for hydro unit operation (< 65 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 38% 38% 38%

Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 92% 92% 92%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 82% 82% 82%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 6 6 7

Mt Island Lake (including the Mt Island Bypassed Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 9,689 9,417 8,596

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 20,459 21,246 19,489

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 37% 36% 37%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 36% 36% 37%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 37% 37% 37%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 77 76 77

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 91.0 ft) during higher use months 1-Mar 31-Oct 25 0 0 0

Avg. days/yr lake level below critical level for public boat ramps (< 91.0 

ft) (Note 3) 1-Jan 31-Dec 3 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<96.0 ft) (Note 4) 1-Jan 31-Dec 3 161 159 161

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 30% 30% 32%

Water User Interests

HOWQ43, HOWQ53, HOWQ54, 

HOWQ55, HOWQ56, HOWQ57, 

HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest thermal power station operation 

(< 94.3 ft) (Note 3) 1-Jan 31-Dec 1 32 32 34

Days below critical level for shallowest public water supply intake 

operation (< 88 ft) (Note 3) 1-Jan 31-Dec 1 2 2 5

Days below critical level for hydro unit operation (< 77.5 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 96.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 41% 41% 41%

Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 96.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 75% 75% 75%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 65% 65% 65%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 224 224 235

Days lake level above 103 ft 1-Jan 31-Dec 1 28 28 29

Lake Wylie (including the Wylie Regulated River Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 3,104 3,035 3,101

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 8,920 9,253 8,969

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 41% 41% 41%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 37% 37% 37%

Percent of time of lake levels >= 97 ft during the growing season 1-Apr 30-Sep 10% 55% 54% 54%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 35% 35% 35%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 33 33 35

FA22, FA25, FA31, FA34, FA35, 

FA39 Provide for aquatic habitat in the regulated river reach Percent of hours at or above 2000 cfs at Node 1 (RM 139.63) (Note 14) 1-Jan 31-Dec 10%

Percent of hours at or above 1080 cfs at Node 1 (RM 139.63) (Note 14) 1-Jan 31-Dec 10%

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 95.5 ft) during higher use months 1-Mar 31-Oct 25 40 42 43

Avg. days/yr lake level below critical level for public boat ramps (< 95.5 

ft) (Note 3) 1-Jan 31-Dec 3 52 53 55

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 182 182 182

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 21% 21% 23%

Water User Interests

HOWQ43, HOWQ53, HOWQ54, 

HOWQ55, HOWQ56, HOWQ57, 

HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest industrial intake operation (< 

92.6 ft) (Note 3) 1-Jan 31-Dec 1 20 19 25

Days below critical level for shallowest public water supply intake 

operation (< 92 ft) (Note 3) 1-Jan 31-Dec 1 20 19 25

Days below critical level for shallowest thermal power station operation 

(< 90 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for hydro unit operation (< 74 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

WQ189

Maximize low flows to maintain waste assimilation capacity of the 

regulated river reach.

Percent of days at or above approximate 7Q10 flow (450 cfs) released 

from the hydro development (RM 139.63) (Note 9) 1-Jan 31-Dec 5% 100% 100% 100%

Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 139.63) for the evaluation period (Note 12) 1-Jan 31-Dec 45 700 700 700

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 49% 49% 48%

Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 92% 93% 92%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 60% 60% 59%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 6% 6% 7%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 3 1 1

Total Project Hydropower & Water Quantity Management

FA40, HOWQ41, HOWQ42, 

HOWQ58 Minimize inefficiencies in using water stored for generation Percent of hydropower generation lost due to unplanned spills (Note 8) 1-Jan 31-Dec 1% 5% 5% 5%

Percent of hydropower generation lost due to other non-power 

generation uses (Note 9) 1-Jan 31-Dec 1% 9% 9% 10%

FA40, HOWQ41, HOWQ58 Maximize hydropower generation Avg. MWH/yr of hydropower produced 1-Jan 31-Dec 31,000 1,331,102 1,326,906 1,323,722

Average equivalent # of homes per year that could be powered by the 

Hydro Project (Note 11) 1-Jan 31-Dec 2,500 100,841 100,523 100,282

HOWQ58, HOWQ41,HOWQ45 Maximize hydropower value Avg. hydro generation value in Normalized Dollars/yr (Note 8) 1-Jan 31-Dec $20,000 $719,510 $717,244 $714,937

Background Performance Measure has improved vs. the Baseline Scenario

Background Performance Measure has declined vs. the Baseline Scenario

White Background There is no significant difference between the scenario and the Baseline Scenario by definition of MISC

CHEOPS Measures 2 Revision 0 Dated 1/17/05



Hydrology Condition / Period = _______________   CHEOPS Performance Measures Evaluation Spreadsheet Wylie to Wateree

1

2

3

4

5

8

10

11

12

13

14

15

20

21

22

23

24

29

30

31

32

33

39

40

41

43

45

47

48

50

51

52

53

54

57

59

60

61

62

63

64

65

66

67

68

69

70

71

72

74

76

78

79

80

81

82

83

84

87

89

90

91

92

93

94

95

96

97

98

99

100

102

104

106

107

108

109

110

111

112

113

116

118

119

120

121

122

123

124

125

126

127

128

129

131

133

135

136

137

138

139

140

141

142

145

147

148

149

150

151

A B C D E F G H I

CIS # (Note 1) Performance Measures Criterion (Note 2) Start Date End Date MISC
(note 22)

UC-Base_2050 UC-Alt6_2050 UC-Alt7_2050

Lake Wylie (including the Wylie Regulated River Reach) (1929-2010) (1929-2010) (1929-2010)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 3,104 3,035 3,101

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 8,920 9,253 8,969

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 41% 41% 41%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 37% 37% 37%

Percent of time of lake levels >= 97 ft during the growing season 1-Apr 30-Sep 10% 55% 54% 54%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 35% 35% 35%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 33 33 35

FA22, FA25, FA31, FA34, FA35, 

FA39 Provide for aquatic habitat in the regulated river reach Percent of hours at or above 2000 cfs at Node 1 (RM 139.63) (Note 14) 1-Jan 31-Dec 10%

Percent of hours at or above 1080 cfs at Node 1 (RM 139.63) (Note 14) 1-Jan 31-Dec 10%

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 95.5 ft) during higher use months 1-Mar 31-Oct 25 40 42 43

Avg. days/yr lake level below critical level for public boat ramps (< 95.5 

ft) (Note 3) 1-Jan 31-Dec 3 52 53 55

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 182 182 182

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 21% 21% 23%

Water User Interests

HOWQ43, HOWQ53, HOWQ54, 

HOWQ55, HOWQ56, HOWQ57, 

HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest industrial intake operation (< 

92.6 ft) (Note 3) 1-Jan 31-Dec 1 20 19 25

Days below critical level for shallowest public water supply intake 

operation (< 92 ft) (Note 3) 1-Jan 31-Dec 1 20 19 25

Days below critical level for shallowest thermal power station operation 

(< 90 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for hydro unit operation (< 74 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 139.63) for the evaluation period (Note 12) 1-Jan 31-Dec 45 700 700 700

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 49% 49% 48%

Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 92% 93% 92%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 60% 60% 59%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 6% 6% 7%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 3 1 1

Fishing Creek Reservoir

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 10,640 10,830 10,878

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 21,470 21,322 21,431

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 74% 74% 75%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 74% 74% 74%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 74% 74% 75%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 10 10 10

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 95.0 ft) during higher use months 1-Mar 31-Oct 25 0 0 0

Avg. days/yr lake level below critical level for public boat ramps (< 95.0 

ft) (Note 3) 1-Jan 31-Dec 3 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 66 67 65

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 19% 19% 19%

Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 95 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for shallowest industrial intake operation (< 

90.8 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for hydro unit operation (< 77.9 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 40% 40% 40%

Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 100% 100% 100%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 99% 99% 99%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 13 14 13

Great Falls-Dearborn Reservoir (including the Great Falls Long Bypassed Reach and the Great Falls Short Bypassed Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 20,980 20,113 19,939

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 32,564 31,652 31,352

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 75% 75% 75%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 78% 78% 78%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 76% 76% 77%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 8 8 8

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 98.0 ft) during higher use months 1-Mar 31-Oct 25 96 96 94

Avg. days/yr lake level below critical level for public boat ramps (< 97.0 

ft) (Note 3) 1-Jan 31-Dec 3 84 83 81

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<98.0 ft) (Note 4) 1-Jan 31-Dec 3 139 138 137

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 22% 22% 22%

Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes Days below critical level for hydro unit operation (< 87.2 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 51% 51% 51%

Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 100% 100% 100%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 51% 51% 50%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 685 686 687

Days lake level above 103 ft 1-Jan 31-Dec 1 11 7 8

Cedar Creek Reservoir

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 10,317 10,585 10,145

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 20,194 20,241 20,064

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 71% 71% 72%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 72% 72% 73%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 71% 71% 71%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 1 0 1

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 98.5 ft) during higher use months 1-Mar 31-Oct 25 105 105 103

Avg. days/yr lake level below critical level for public boat ramps (< 96.0 

ft) (Note 3) 1-Jan 31-Dec 3 2 2 2

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 74 75 73

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 7% 7% 7%

Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes Days below critical level for hydro unit operation (< 80.3 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 48% 48% 47%

Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 100% 100% 100%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 50% 50% 49%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 38 35 34

Days lake level above 103 ft 1-Jan 31-Dec 1 3 3 3

Lake Wateree (including the Wateree Regulated River Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 1,173 1,181 1,147

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 7,277 7,010 6,911

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 84% 84% 85%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 89% 88% 90%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 93% 93% 94%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 5 5 4

FA22, FA25, FA31, FA34, FA35, 

FA39 Provide for aquatic habitat in the regulated river reach Percent of hours at or above 2000 cfs at Node 1 (RM 74.54) (Note 14) 1-Jan 31-Dec 10%

Percent of hours at or above 1200 cfs at Node 1 (RM 74.54) (Note 14) 1-Jan 31-Dec 10%
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Hydrology Condition / Period = _______________   CHEOPS Performance Measures Evaluation Spreadsheet Wylie to Wateree

1

2

A B C D E F G H I

CIS # (Note 1) Performance Measures Criterion (Note 2) Start Date End Date MISC
(note 22)

UC-Base_2050 UC-Alt6_2050 UC-Alt7_2050
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190
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192
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194

195

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 96.0 ft) during higher use months 1-Mar 31-Oct 25 9 9 7

Avg. days/yr lake level below critical level for public boat ramps (< 93.0 

ft) (Note 3) 1-Jan 31-Dec 3 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 17 17 14

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 13% 13% 11%

Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 92.5 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for hydro unit operation (< 74 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 74.54) for the evaluation period (Note 12) 1-Jan 31-Dec 53 800 800 800

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 4% 4% 4%

Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 99% 99% 99%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 12% 12% 12%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 379 379 383

Days lake level above 103 ft 1-Jan 31-Dec 1 19 19 20

Total Project Hydropower & Water Quantity Management

FA40, HOWQ41, HOWQ42, 

HOWQ58 Minimize inefficiencies in using water stored for generation Percent of hydropower generation lost due to unplanned spills (Note 8) 1-Jan 31-Dec 1% 5% 5% 5%

Percent of hydropower generation lost due to other non-power 

generation uses (Note 9) 1-Jan 31-Dec 1% 9% 9% 10%

FA40, HOWQ41, HOWQ58 Maximize hydropower generation Avg. MWH/yr of hydropower produced 1-Jan 31-Dec 31,000 1,331,102 1,326,906 1,323,722

Average equivalent # of homes per year that could be powered by the 

Hydro Project (Note 11) 1-Jan 31-Dec 2,500 100,841 100,523 100,282

HOWQ58, HOWQ41,HOWQ45 Maximize hydropower value Avg. hydro generation value in Normalized Dollars/yr (Note 8) 1-Jan 31-Dec $20,000 $719,510 $717,244 $714,937

Background Performance Measure has improved vs. the Baseline Scenario

Background Performance Measure has declined vs. the Baseline Scenario

White Background There is no significant difference between the scenario and the Baseline Scenario by definition of MISC
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Stakeholder Interest Evaluation Spreadsheet NotesNotes

1 CIS # are the Composite Interest Statement numbers taken from Rev 3 of the Composite Interest Statement document

dated 10/27/04 for the interests that are both (1) directly related to water quantity management and (2) reasonably measurable using CHEOPS.

The following CIS #'s represent interests that are directly related to water quantity, but that will be dealt with differently as noted,  

and therefore will not be tabulated individually:

CIS # Composite Interest Statement (Rev 3 - 10/27/04)

FA16 Provide run-of-river flows through every dam. Scenario design readily identifies whether or not interest is met.

FA36 Scenario design readily identifies whether or not interest is met.

FA38 Restore run-of-river flows to the Great Falls. Scenario design readily identifies whether or not interest is met.

R125 Scenario design readily identifies whether or not interest is met.

R126 Scenario design readily identifies whether or not interest is met.

HOWQ51 LIP design determines if interest is met.

HOWQ52 LIP design determines if interest is met.

2 For criterion that measure on an hourly or daily basis, unless stated otherwise:

a. If an hourly criterion occurs during the average of four contiguous 15-minute periods, then it counts as 1 hour.

b. If a daily criterion occurs for 5 contiguous 1-hour periods, then it counts as 1 day.

3 Critical lake elevations per Attachment F of Draft AIP dated 10/15/04.

4 See App. C of Draft Reservoir Level Study Report dated 11/10/04 for average monthly lake levels during post-Cowans Ford era. 

Areas within the lakes are considered boatable if the water depth is greater than or equal to 3 ft. 

Lake surface areas are determined using Area-Volume Curves (i.e., a set of curves for each lake that 

graph both lake surface area and lake volume verses water depth).

5 Low Inflow Protocol (LIP) Trigger Point considerations.

6 Low Inflow Protocol (LIP) Trigger Point considerations.

7 Developed areas include areas with roads, houses and other man-made structures.

8 Includes lost hydropower generation due to unplanned spilling of water at hydro station dams. 

This measure does not include energy losses from evaporation, dam leakage or groundwater recharge. 

9 Includes lost hydropower due to minimum flow and recreation flow releases that bypass the hydro station and public water supply and industrial withdrawals. 

This measure does not include energy losses from evaporation, dam leakage or groundwater recharge. 

10 Normalized dollar value of hydropower generated in a given year =

Also, daytime flows are assumed to be flows provided between 7:00 am and 7:00 pm. To the extent possible, each Criterion is defined in terms of 

percents and averages/yr so that the same Criterion is useful regardless of the length of the hydrology period (i.e., 1-yr, 3-yr, full period of record, 

etc.)

Tie the low inflow protocol to both water conservation and energy 

conservation.

Assure that the low inflow protocol fully protects aquatic resources, 

water quality, and recreation.

Disposition

Mimic day, month, and annual natural flow patterns including 

natural floods in riverine and bypass areas.

Provide predictable recreation releases on bypass sections 

including the Great Falls bypass.

Provide predictable recreation releases on river sections (i.e., allow 

recreation users to plan ahead for river use).

CHEOPS Measures 1 Revised 1/17/05



Stakeholder Interest Evaluation Spreadsheet Notes[∑ (MWH x market value for each hour)]/(Highest hourly market price in that year)

11 Flow rates needed to provide for basic navigation. These flow rates are determined by the Instream Flow Study 

and/or the Recreation Flow Study. In SC, the flow rates are based on meeting SCDNR's navigation criteria.

In NC, the flow rates are based on Rec 02 studies.

12 7Q10 Flow rate = Lowest average flow rate over a 7-day period that statistically is likely to occur once every 10 years.

The approximate 7Q10 flow rates listed in this document are from Table 6.1-1, Summary of Catawba-Wateree Project 

Hydrology as shown in Duke Power's First Stage Consultation Document dated 2003.

13 Absolute Lake level variation is determined from hourly checks against the measure using 15-minute reservoir data averaged per hour.

The number of hours that exceed the starting reservoir elevation are recorded for each 14 day period between the start and end date.

The starting elevation (midnight reservoir elevation) is reset each 14-day period and the total hourly count for all test periods is recorded for each scenario.

14 Calculated by (Total Scenario MWh / 13.2 MWh per home) / the # of years in the scenario

The MISC of 3000 homes per year is roughly 2% of the average equivalent homes/yr under the Baseline conditions.

15 Lowest 7-day average flow rate is determined from a rolling 7-day average of the average daily flow (cfs).

Where a average daily flow rate is determined from 15-minute flow (cfs) data averaged per 24 hour-day.

16 Habitat flows were estimates based on field experience with the subject reaches.

17 Floodplain Ecology inundation and maintenance flows for the river reach below Lake James were based on summary results presented 

in "Assessment of Hydraulic Geometry and Channel-Maintaining Discharges in the Catawba River Below Lake James", October 2001.

18 Floodplain Ecology inundation flows are initial estimates to be reviewed by the appropriate RC.

19 Maintenance flows for the river reach below Wylie and Wateree were based on geomorphic bankfull estimates for IFIM cross sections

Wylie Cross section at River Mile 137.5

Wateree Cross section at River Mile 67.6

20 Recreation flows are initial estimates to be reviewed by the appropriate RC.

21 Flooding flows are initial estimates based on the full hydraulic turbine capacity discharge plus 

Oxford- One gate full open at reservoir = 100

Lookout- Discharge over spillway at reservoir = 103

Wylie- One gate full open at reservoir = 100

Wateree- Discharge over spillway at reservoir = 103

*Exception Lake James Bank full estimates per reference in Note 17

22 MISC = Minimum Increment of Significant Change. The MISC has the same units (i.e., days, days/yr, percent, etc.) as does the Criterion on that same row of 

the spreadsheet. If the output of two scenarios for a particular Criterion does not differ by more than the MISC, then there is no significant difference between 

Power produced by the hydro project is actually supplied to Duke Power's electric system grid and is used by Duke Power's electric customers (including 

residential, industrial and commercial customers), as is power produced at other Duke Power generating stations. This criterion of average equivalent homes 

per year is intended to simply make the total energy production potential of the hydro project more understandable to stakeholder team members and to put a 

perspective around potential differences in hydropower production between various operational scenarios. This measure does not imply that any number of 

homes will go without power if a particular scenario is chosen.
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Hydrology Condition / Period = _______________   CHEOPS Performance Measures Evaluation Spreadsheet James to Wylie
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A B C D E F G H I

CIS # (Note 1) Performance Measures Criterion (Note 2) Start Date End Date MISC
(note 22)

UC-Base_2050 UC-Alt6_2050 UC-Alt7_2050

Lake James (including the Catawba River Bypassed Reach, Paddy Creek Bypassed Reach and the Bridgewater Regulated River Reach) (1999-2003) (1999-2003) (1999-2003)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 350 340 350

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 504 503 504

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 33% 33% 47%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 28% 28% 39%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 21% 21% 25%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 129 128 120

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 93.5 ft) during higher use months 1-Mar 31-Oct 25 65 73 51

Avg. days/yr lake level below critical level for public boat ramps (< 92.0 

ft) (Note 3) 1-Jan 31-Dec 3 21 21 33

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<93.0 ft) (Note 4) 1-Jan 31-Dec 3 88 93 88

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 12% 12% 11%

Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes Days below critical level for hydro unit operation (< 61 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 275.35) for the evaluation period (Note 12) 1-Jan 31-Dec 15 95 95 95

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 11% 12% 12%

Percent of days lake level within +/- 2 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 2 ft.) 1-Jan 31-Dec 5% 30% 29% 34%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 30% 31% 35%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 24% 25% 23%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 13 13 13

Days lake level above 103 ft 1-Jan 31-Dec 1 0 0 0

FA22, FA31, FA34, FA35, FA39 Provide for aquatic habitat in the regulated river reach

Percent of hours at or below 175 cfs released from the hydro 

development (Note 14) 1-Jan 31-Dec 10% 74% 73% 72%

Lake Rhodhiss

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 636 660 527

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 882 921 741

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 79% 78% 83%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 68% 66% 71%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 58% 57% 60%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 48 49 44

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 94.0 ft) during higher use months 1-Mar 31-Oct 25 30 31 31

Avg. days/yr lake level below critical level for public boat ramps (< 91.0 

ft) (Note 3) 1-Jan 31-Dec 3 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 129 132 121

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 19% 19% 16%

Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 89.4 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for hydro unit operation (< 79.1 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 21% 21% 20%

Percent of days lake level within +/- 2 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 2 ft.) 1-Jan 31-Dec 5% 29% 30% 30%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 28% 28% 29%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 4 4 4

Days lake level above 103 ft 1-Jan 31-Dec 1 0 0 0

Lake Hickory (Including the Oxford Regulated River Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 548 568 335

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 1,134 1,175 867

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 74% 69% 81%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 69% 62% 73%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 54% 51% 56%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 56 58 54

FA22, FA31, FA34, FA35, FA39 Provide for aquatic habitat in the regulated river reach

Percent of hours at or below 225 cfs released from the hydro 

development (Note 14) 1-Jan 31-Dec 10% 48% 48% 46%

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 94.0 ft) during higher use months 1-Mar 31-Oct 25 14 14 14

Avg. days/yr lake level below critical level for public boat ramps (< 91.0 

ft) (Note 3) 1-Jan 31-Dec 3 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 149 156 143

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 14% 14% 14%

R101, R111, R121, R124, R127, 

HOWQ44

Maximize days/yr of boating opportunities in the regulated river 

reach

Avg. days/yr of daytime flows ≥ 2500,  ≤ 5500 cfs released from the 

hydro development for at least 2 hrs/day during higher use months 

(Note 20) 1-Mar 31-Oct 25 125 127 119

Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 94 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for hydro unit operation (< 73 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 230) for the evaluation period (Note 12) 1-Jan 31-Dec 25 107 103 120

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 18% 20% 18%

Percent of days lake level within +/- 2 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 2 ft.) 1-Jan 31-Dec 5% 28% 30% 27%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 30% 32% 28%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 0 0 0

Lookout Shoals Lake (including the Lookout Shoals Regulated River Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 697 1,135 556

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 1,259 1,646 1,341

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 81% 72% 84%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 82% 71% 82%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 65% 60% 63%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 44 48 48

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 92.0 ft) during higher use months 1-Mar 31-Oct 25 1 1 0

Avg. days/yr lake level below critical level for public boat ramps (< 92.0 

ft) (Note 3) 1-Jan 31-Dec 3 1 1 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 112 128 123

Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 13% 14% 11%

Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 74.9 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for hydro unit operation (< 72.9 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 17% 20% 16%

Percent of days lake level within +/- 2 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 2 ft.) 1-Jan 31-Dec 5% 27% 30% 27%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 24% 28% 23%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 64 65 64

Days lake level above 103 ft 1-Jan 31-Dec 1 0 0 0
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Lake Norman

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 0 0 0

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 4 6 4

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 54% 52% 67%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 58% 57% 74%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 37% 36% 43%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 71 70 56

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 96.0 ft) during higher use months 1-Mar 31-Oct 25 79 76 57

Avg. days/yr lake level below critical level for public boat ramps (< 91.0 

ft) (Note 3) 1-Jan 31-Dec 3 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<95.0 ft) (Note 4) 1-Jan 31-Dec 3 79 75 41

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 19% 19% 15%

Water User Interests

HOWQ43, HOWQ53, HOWQ54, 

HOWQ55, HOWQ56, HOWQ57, 

HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest thermal power station operation 

(< 90 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for shallowest public water supply intake 

operation (< 85 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for shallowest industrial intake operation (< 75 

ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for hydro unit operation (< 65 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 25% 25% 28%

Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 79% 80% 89%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 65% 66% 70%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 0 0 0

Mt Island Lake (including the Mt Island Bypassed Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 277 277 277

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 525 769 294

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 34% 34% 34%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 25% 25% 25%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 17% 17% 15%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 136 135 131

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 91.0 ft) during higher use months 1-Mar 31-Oct 25 0 0 0

Avg. days/yr lake level below critical level for public boat ramps (< 91.0 

ft) (Note 3) 1-Jan 31-Dec 3 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<96.0 ft) (Note 4) 1-Jan 31-Dec 3 274 273 265

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 17% 17% 17%

Water User Interests

HOWQ43, HOWQ53, HOWQ54, 

HOWQ55, HOWQ56, HOWQ57, 

HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest thermal power station operation 

(< 94.3 ft) (Note 3) 1-Jan 31-Dec 1 1 1 1

Days below critical level for shallowest public water supply intake 

operation (< 88 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for hydro unit operation (< 77.5 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 96.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 26% 25% 29%

Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 96.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 88% 88% 90%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 84% 84% 85%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 6 8 8

Days lake level above 103 ft 1-Jan 31-Dec 1 0 0 0

Lake Wylie (including the Wylie Regulated River Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 105 106 110

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 189 209 203

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 67% 68% 60%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 50% 50% 44%

Percent of time of lake levels >= 97 ft during the growing season 1-Apr 30-Sep 10% 61% 61% 57%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 30% 30% 27%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 83 86 88

FA22, FA25, FA31, FA34, FA35, 

FA39 Provide for aquatic habitat in the regulated river reach Percent of hours at or above 2000 cfs at Node 1 (RM 139.63) (Note 14) 1-Jan 31-Dec 10%

Percent of hours at or above 1080 cfs at Node 1 (RM 139.63) (Note 14) 1-Jan 31-Dec 10%

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 95.5 ft) during higher use months 1-Mar 31-Oct 25 96 99 101

Avg. days/yr lake level below critical level for public boat ramps (< 95.5 

ft) (Note 3) 1-Jan 31-Dec 3 157 160 163

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 224 224 231

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 18% 18% 18%

Water User Interests

HOWQ43, HOWQ53, HOWQ54, 

HOWQ55, HOWQ56, HOWQ57, 

HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest industrial intake operation (< 

92.6 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for shallowest public water supply intake 

operation (< 92 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for shallowest thermal power station operation 

(< 90 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for hydro unit operation (< 74 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

WQ189

Maximize low flows to maintain waste assimilation capacity of the 

regulated river reach.

Percent of days at or above approximate 7Q10 flow (450 cfs) released 

from the hydro development (RM 139.63) (Note 9) 1-Jan 31-Dec 5% 100% 100% 100%

Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 139.63) for the evaluation period (Note 12) 1-Jan 31-Dec 45 720 720 860

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 26% 25% 26%

Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 67% 67% 65%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 37% 37% 38%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 26% 26% 28%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 0 0 0

Total Project Hydropower & Water Quantity Management

FA40, HOWQ41, HOWQ42, 

HOWQ58 Minimize inefficiencies in using water stored for generation Percent of hydropower generation lost due to unplanned spills (Note 8) 1-Jan 31-Dec 1% 4% 4% 4%

Percent of hydropower generation lost due to other non-power 

generation uses (Note 9) 1-Jan 31-Dec 1% 14% 14% 14%

FA40, HOWQ41, HOWQ58 Maximize hydropower generation Avg. MWH/yr of hydropower produced 1-Jan 31-Dec 31,000 856,993 852,000 845,071

Average equivalent # of homes per year that could be powered by the 

Hydro Project (Note 11) 1-Jan 31-Dec 2,500 64,924 64,545 64,021

HOWQ58, HOWQ41,HOWQ45 Maximize hydropower value Avg. hydro generation value in Normalized Dollars/yr (Note 8) 1-Jan 31-Dec $20,000 $460,278 $457,668 $456,304

Background Performance Measure has improved vs. the Baseline Scenario

Background Performance Measure has declined vs. the Baseline Scenario

White Background There is no significant difference between the scenario and the Baseline Scenario by definition of MISC
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CIS # (Note 1) Performance Measures Criterion (Note 2) Start Date End Date MISC
(note 22)

UC-Base_2050 UC-Alt6_2050 UC-Alt7_2050

Lake Wylie (including the Wylie Regulated River Reach) (1999-2003) (1999-2003) (1999-2003)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 105 106 110

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 189 209 203

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 67% 68% 60%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 50% 50% 44%

Percent of time of lake levels >= 97 ft during the growing season 1-Apr 30-Sep 10% 61% 61% 57%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 30% 30% 27%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 83 86 88

FA22, FA25, FA31, FA34, FA35, 

FA39 Provide for aquatic habitat in the regulated river reach Percent of hours at or above 2000 cfs at Node 1 (RM 139.63) (Note 14) 1-Jan 31-Dec 10%

Percent of hours at or above 1080 cfs at Node 1 (RM 139.63) (Note 14) 1-Jan 31-Dec 10%

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 95.5 ft) during higher use months 1-Mar 31-Oct 25 96 99 101

Avg. days/yr lake level below critical level for public boat ramps (< 95.5 

ft) (Note 3) 1-Jan 31-Dec 3 157 160 163

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 224 224 231

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 18% 18% 18%

Water User Interests

HOWQ43, HOWQ53, HOWQ54, 

HOWQ55, HOWQ56, HOWQ57, 

HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest industrial intake operation (< 

92.6 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for shallowest public water supply intake 

operation (< 92 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for shallowest thermal power station operation 

(< 90 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for hydro unit operation (< 74 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 139.63) for the evaluation period (Note 12) 1-Jan 31-Dec 45 720 720 860

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 26% 25% 26%

Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 67% 67% 65%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 37% 37% 38%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 26% 26% 28%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 0 0 0

Fishing Creek Reservoir

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 388 355 215

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 740 677 581

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 95% 95% 96%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 97% 97% 98%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 95% 95% 95%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 1 2 2

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 95.0 ft) during higher use months 1-Mar 31-Oct 25 0 0 0

Avg. days/yr lake level below critical level for public boat ramps (< 95.0 

ft) (Note 3) 1-Jan 31-Dec 3 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 11 12 12

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 12% 12% 12%

Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 95 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for shallowest industrial intake operation (< 

90.8 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for hydro unit operation (< 77.9 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 12% 12% 12%

Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 100% 100% 100%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 100% 100% 100%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 2 2 3

Great Falls-Dearborn Reservoir (including the Great Falls Long Bypassed Reach and the Great Falls Short Bypassed Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 580 528 518

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 1,237 1,134 1,069

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 89% 89% 90%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 93% 92% 93%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 91% 91% 92%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 3 3 3

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 98.0 ft) during higher use months 1-Mar 31-Oct 25 37 38 36

Avg. days/yr lake level below critical level for public boat ramps (< 97.0 

ft) (Note 3) 1-Jan 31-Dec 3 35 36 32

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<98.0 ft) (Note 4) 1-Jan 31-Dec 3 55 55 52

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 18% 18% 18%

Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes Days below critical level for hydro unit operation (< 87.2 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 22% 21% 20%

Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 100% 100% 100%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 21% 21% 20%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 26 27 27

Days lake level above 103 ft 1-Jan 31-Dec 1 2 1 0

Cedar Creek Reservoir

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 373 437 430

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 811 730 727

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 95% 94% 94%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 95% 95% 95%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 94% 94% 94%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 0 0 0

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 98.5 ft) during higher use months 1-Mar 31-Oct 25 21 23 23

Avg. days/yr lake level below critical level for public boat ramps (< 96.0 

ft) (Note 3) 1-Jan 31-Dec 3 2 2 1

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 13 17 14

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 6% 6% 6%

Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes Days below critical level for hydro unit operation (< 80.3 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 15% 14% 13%

Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 100% 100% 100%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 15% 15% 14%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 2 2 1

Days lake level above 103 ft 1-Jan 31-Dec 1 0 0 0
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Lake Wateree (including the Wateree Regulated River Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 356 384 355

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 990 1,025 923

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 52% 50% 71%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 64% 63% 83%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 80% 79% 90%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 18 19 5

FA22, FA25, FA31, FA34, FA35, 

FA39 Provide for aquatic habitat in the regulated river reach Percent of hours at or above 2000 cfs at Node 1 (RM 74.54) (Note 14) 1-Jan 31-Dec 10%

Percent of hours at or above 1200 cfs at Node 1 (RM 74.54) (Note 14) 1-Jan 31-Dec 10%

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 96.0 ft) during higher use months 1-Mar 31-Oct 25 35 38 11

Avg. days/yr lake level below critical level for public boat ramps (< 93.0 

ft) (Note 3) 1-Jan 31-Dec 3 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 55 56 22

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 12% 12% 10%

Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 92.5 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for hydro unit operation (< 74 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 74.54) for the evaluation period (Note 12) 1-Jan 31-Dec 53 807 807 896

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 12% 11% 7%

Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 98% 99% 100%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 18% 19% 13%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 15 15 16

Days lake level above 103 ft 1-Jan 31-Dec 1 0 0 0

Total Project Hydropower & Water Quantity Management

FA40, HOWQ41, HOWQ42, 

HOWQ58 Minimize inefficiencies in using water stored for generation Percent of hydropower generation lost due to unplanned spills (Note 8) 1-Jan 31-Dec 1% 4% 4% 4%

Percent of hydropower generation lost due to other non-power 

generation uses (Note 9) 1-Jan 31-Dec 1% 14% 14% 14%

FA40, HOWQ41, HOWQ58 Maximize hydropower generation Avg. MWH/yr of hydropower produced 1-Jan 31-Dec 31,000 856,993 852,000 845,071

Average equivalent # of homes per year that could be powered by the 

Hydro Project (Note 11) 1-Jan 31-Dec 2,500 64,924 64,545 64,021

HOWQ58, HOWQ41,HOWQ45 Maximize hydropower value Avg. hydro generation value in Normalized Dollars/yr (Note 8) 1-Jan 31-Dec $20,000 $460,278 $457,668 $456,304

Background Performance Measure has improved vs. the Baseline Scenario

Background Performance Measure has declined vs. the Baseline Scenario

White Background There is no significant difference between the scenario and the Baseline Scenario by definition of MISC
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Notes

1 CIS # are the Composite Interest Statement numbers taken from Rev 3 of the Composite Interest Statement document

dated 10/27/04 for the interests that are both (1) directly related to water quantity management and (2) reasonably measurable using CHEOPS.

The following CIS #'s represent interests that are directly related to water quantity, but that will be dealt with differently as noted,  

and therefore will not be tabulated individually:

CIS # Composite Interest Statement (Rev 3 - 10/27/04)

FA16 Provide run-of-river flows through every dam. Scenario design readily identifies whether or not interest is met.

FA36 Scenario design readily identifies whether or not interest is met.

FA38 Restore run-of-river flows to the Great Falls. Scenario design readily identifies whether or not interest is met.

R125 Scenario design readily identifies whether or not interest is met.

R126 Scenario design readily identifies whether or not interest is met.

HOWQ51 LIP design determines if interest is met.

HOWQ52 LIP design determines if interest is met.

2 For criterion that measure on an hourly or daily basis, unless stated otherwise:

a. If an hourly criterion occurs during the average of four contiguous 15-minute periods, then it counts as 1 hour.

b. If a daily criterion occurs for 5 contiguous 1-hour periods, then it counts as 1 day.

3 Critical lake elevations per Attachment F of Draft AIP dated 10/15/04.

4 See App. C of Draft Reservoir Level Study Report dated 11/10/04 for average monthly lake levels during post-Cowans Ford era. 

Areas within the lakes are considered boatable if the water depth is greater than or equal to 3 ft. 

Lake surface areas are determined using Area-Volume Curves (i.e., a set of curves for each lake that 

graph both lake surface area and lake volume verses water depth).

5 Low Inflow Protocol (LIP) Trigger Point considerations.

6 Low Inflow Protocol (LIP) Trigger Point considerations.

7 Developed areas include areas with roads, houses and other man-made structures.

8 Includes lost hydropower generation due to unplanned spilling of water at hydro station dams. 

This measure does not include energy losses from evaporation, dam leakage or groundwater recharge. 

9 Includes lost hydropower due to minimum flow and recreation flow releases that bypass the hydro station and public water supply and industrial withdrawals. 

This measure does not include energy losses from evaporation, dam leakage or groundwater recharge. 

10 Normalized dollar value of hydropower generated in a given year =

[∑ (MWH x market value for each hour)]/(Highest hourly market price in that year)

11 Flow rates needed to provide for basic navigation. These flow rates are determined by the Instream Flow Study 

and/or the Recreation Flow Study. In SC, the flow rates are based on meeting SCDNR's navigation criteria.

In NC, the flow rates are based on Rec 02 studies.

12 7Q10 Flow rate = Lowest average flow rate over a 7-day period that statistically is likely to occur once every 10 years.

The approximate 7Q10 flow rates listed in this document are from Table 6.1-1, Summary of Catawba-Wateree Project 

Hydrology as shown in Duke Power's First Stage Consultation Document dated 2003.

13 Absolute Lake level variation is determined from hourly checks against the measure using 15-minute reservoir data averaged per hour.

The number of hours that exceed the starting reservoir elevation are recorded for each 14 day period between the start and end date.

The starting elevation (midnight reservoir elevation) is reset each 14-day period and the total hourly count for all test periods is recorded for each scenario.

14 Calculated by (Total Scenario MWh / 13.2 MWh per home) / the # of years in the scenario

The MISC of 3000 homes per year is roughly 2% of the average equivalent homes/yr under the Baseline conditions.

15 Lowest 7-day average flow rate is determined from a rolling 7-day average of the average daily flow (cfs).

Where a average daily flow rate is determined from 15-minute flow (cfs) data averaged per 24 hour-day.

16 Habitat flows were estimates based on field experience with the subject reaches.

17 Floodplain Ecology inundation and maintenance flows for the river reach below Lake James were based on summary results presented 

in "Assessment of Hydraulic Geometry and Channel-Maintaining Discharges in the Catawba River Below Lake James", October 2001.

18 Floodplain Ecology inundation flows are initial estimates to be reviewed by the appropriate RC.

19 Maintenance flows for the river reach below Wylie and Wateree were based on geomorphic bankfull estimates for IFIM cross sections

Wylie Cross section at River Mile 137.5

Wateree Cross section at River Mile 67.6

20 Recreation flows are initial estimates to be reviewed by the appropriate RC.

21 Flooding flows are initial estimates based on the full hydraulic turbine capacity discharge plus 

Oxford- One gate full open at reservoir = 100

Lookout- Discharge over spillway at reservoir = 103

Wylie- One gate full open at reservoir = 100

Wateree- Discharge over spillway at reservoir = 103

*Exception Lake James Bank full estimates per reference in Note 17

22

      being measured by a particular Criterion. 

Tie the low inflow protocol to both water conservation and energy 

conservation.

Assure that the low inflow protocol fully protects aquatic resources, 

water quality, and recreation.

Disposition

Mimic day, month, and annual natural flow patterns including 

natural floods in riverine and bypass areas.

Provide predictable recreation releases on bypass sections 

including the Great Falls bypass.

Provide predictable recreation releases on river sections (i.e., allow 

recreation users to plan ahead for river use).

c.   Adjustments to the MISC numbers (up or down) have also been made depending on the desires of the stakeholders that primarily have the interests that are

Also, daytime flows are assumed to be flows provided between 7:00 am and 7:00 pm. To the extent possible, each Criterion is defined in terms of 

percents and averages/yr so that the same Criterion is useful regardless of the length of the hydrology period (i.e., 1-yr, 3-yr, full period of record, 

etc.)

MISC = Minimum Increment of Significant Change. The MISC has the same units (i.e., days, days/yr, percent, etc.) as does the Criterion on that same row of the 

spreadsheet. If the output of two scenarios for a particular Criterion does not differ by more than the MISC, then there is no significant difference between those 

two scenarios as far as the Criterion in question is concerned. The following guidelines were used to establish the MISC numbers:

a.   As a general rule, MISC numbers are set at 10% of the possible total for that Criterion considering the Start/Stop dates.

b.   MISC numbers for Criterion that have the most negative outcomes if reached are typically set at less than 10% of the possible total for that Criterion.

Power produced by the hydro project is actually supplied to Duke Power's electric system grid and is used by Duke Power's electric customers (including 

residential, industrial and commercial customers), as is power produced at other Duke Power generating stations. This criterion of average equivalent homes 

per year is intended to simply make the total energy production potential of the hydro project more understandable to stakeholder team members and to put a 

perspective around potential differences in hydropower production between various operational scenarios. This measure does not imply that any number of 

homes will go without power if a particular scenario is chosen.
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A B C D E F G H I

CIS # (Note 1) Performance Measures Criterion (Note 2) Start Date End Date MISC
(note 22)

UC-Base_2050 UC-Alt6_2050 UC-Alt7_2050

Lake James (including the Catawba River Bypassed Reach, Paddy Creek Bypassed Reach and the Bridgewater Regulated River Reach) (2006-2009) (2006-2009) (2006-2009)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 81 102 102

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 387 431 430

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 32% 26% 26%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 40% 35% 35%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 41% 39% 39%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 81 83 97

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 93.5 ft) during higher use months 1-Mar 31-Oct 25 57 57 59

Avg. days/yr lake level below critical level for public boat ramps (< 92.0 

ft) (Note 3) 1-Jan 31-Dec 3 49 49 52

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<93.0 ft) (Note 4) 1-Jan 31-Dec 3 74 75 77

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 26% 26% 28%

Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes Days below critical level for hydro unit operation (< 61 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 275.35) for the evaluation period (Note 12) 1-Jan 31-Dec 15 95 95 95

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 12% 12% 9%

Percent of days lake level within +/- 2 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 2 ft.) 1-Jan 31-Dec 5% 57% 56% 48%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 48% 48% 39%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 7% 8% 8%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 7 7 7

Days lake level above 103 ft 1-Jan 31-Dec 1 0 0 0

FA22, FA31, FA34, FA35, FA39 Provide for aquatic habitat in the regulated river reach

Percent of hours at or below 175 cfs released from the hydro 

development (Note 14) 1-Jan 31-Dec 10% 64% 64% 64%

Lake Rhodhiss

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 272 428 282

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 377 586 392

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 77% 72% 72%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 79% 75% 75%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 71% 69% 69%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 25 27 28

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 94.0 ft) during higher use months 1-Mar 31-Oct 25 23 24 25

Avg. days/yr lake level below critical level for public boat ramps (< 91.0 

ft) (Note 3) 1-Jan 31-Dec 3 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 79 86 85

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 18% 18% 19%

Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 89.4 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for hydro unit operation (< 79.1 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 19% 20% 20%

Percent of days lake level within +/- 2 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 2 ft.) 1-Jan 31-Dec 5% 25% 26% 25%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 24% 25% 25%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 7 7 7

Days lake level above 103 ft 1-Jan 31-Dec 1 0 0 0

Lake Hickory (Including the Oxford Regulated River Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 115 87 267

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 156 241 332

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 74% 69% 67%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 78% 72% 72%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 68% 66% 65%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 26 29 30

FA22, FA31, FA34, FA35, FA39 Provide for aquatic habitat in the regulated river reach

Percent of hours at or below 225 cfs released from the hydro 

development (Note 14) 1-Jan 31-Dec 10% 29% 31% 30%

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 94.0 ft) during higher use months 1-Mar 31-Oct 25 4 5 5

Avg. days/yr lake level below critical level for public boat ramps (< 91.0 

ft) (Note 3) 1-Jan 31-Dec 3 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 100 109 99

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 14% 14% 14%

R101, R111, R121, R124, R127, 

HOWQ44

Maximize days/yr of boating opportunities in the regulated river 

reach

Avg. days/yr of daytime flows ≥ 2500,  ≤ 5500 cfs released from the 

hydro development for at least 2 hrs/day during higher use months 

(Note 20) 1-Mar 31-Oct 25 69 74 73

Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 94 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for hydro unit operation (< 73 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 230) for the evaluation period (Note 12) 1-Jan 31-Dec 25 100 100 133

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 20% 20% 20%

Percent of days lake level within +/- 2 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 2 ft.) 1-Jan 31-Dec 5% 28% 29% 28%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 27% 28% 27%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 0 0 0

Lookout Shoals Lake (including the Lookout Shoals Regulated River Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 114 668 424

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 273 901 651

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 86% 79% 80%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 87% 82% 82%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 75% 73% 73%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 28 30 31

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 92.0 ft) during higher use months 1-Mar 31-Oct 25 5 5 5

Avg. days/yr lake level below critical level for public boat ramps (< 92.0 

ft) (Note 3) 1-Jan 31-Dec 3 11 11 12

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 78 84 85

Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 15% 15% 15%

Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 74.9 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for hydro unit operation (< 72.9 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 15% 16% 15%

Percent of days lake level within +/- 2 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 2 ft.) 1-Jan 31-Dec 5% 20% 22% 21%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 19% 21% 20%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 56 56 56

Days lake level above 103 ft 1-Jan 31-Dec 1 2 2 2
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Lake Norman

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 0 0 0

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 0 0 0

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 26% 25% 25%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 36% 25% 25%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 38% 34% 31%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 60 68 68

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 96.0 ft) during higher use months 1-Mar 31-Oct 25 54 70 70

Avg. days/yr lake level below critical level for public boat ramps (< 91.0 

ft) (Note 3) 1-Jan 31-Dec 3 23 23 27

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<95.0 ft) (Note 4) 1-Jan 31-Dec 3 76 76 77

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 23% 23% 23%

Water User Interests

HOWQ43, HOWQ53, HOWQ54, 

HOWQ55, HOWQ56, HOWQ57, 

HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest thermal power station operation 

(< 90 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for shallowest public water supply intake 

operation (< 85 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for shallowest industrial intake operation (< 75 

ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for hydro unit operation (< 65 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 23% 18% 18%

Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 79% 79% 79%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 66% 62% 62%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 0 0 0

Mt Island Lake (including the Mt Island Bypassed Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 0 0 0

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 107 105 82

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 65% 57% 55%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 71% 65% 64%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 62% 59% 59%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 57 60 61

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 91.0 ft) during higher use months 1-Mar 31-Oct 25 0 0 0

Avg. days/yr lake level below critical level for public boat ramps (< 91.0 

ft) (Note 3) 1-Jan 31-Dec 3 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<96.0 ft) (Note 4) 1-Jan 31-Dec 3 116 124 125

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 17% 17% 17%

Water User Interests

HOWQ43, HOWQ53, HOWQ54, 

HOWQ55, HOWQ56, HOWQ57, 

HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest thermal power station operation 

(< 94.3 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for shallowest public water supply intake 

operation (< 88 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for hydro unit operation (< 77.5 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 96.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 21% 22% 21%

Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 96.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 41% 44% 45%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 38% 41% 42%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 10 10 10

Days lake level above 103 ft 1-Jan 31-Dec 1 0 0 0

Lake Wylie (including the Wylie Regulated River Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 0 0 0

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 0 0 0

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 72% 69% 68%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 62% 55% 52%

Percent of time of lake levels >= 97 ft during the growing season 1-Apr 30-Sep 10% 78% 72% 69%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 55% 52% 51%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 35 37 39

FA22, FA25, FA31, FA34, FA35, 

FA39 Provide for aquatic habitat in the regulated river reach Percent of hours at or above 2000 cfs at Node 1 (RM 139.63) (Note 14) 1-Jan 31-Dec 10%

Percent of hours at or above 1080 cfs at Node 1 (RM 139.63) (Note 14) 1-Jan 31-Dec 10%

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 95.5 ft) during higher use months 1-Mar 31-Oct 25 36 39 42

Avg. days/yr lake level below critical level for public boat ramps (< 95.5 

ft) (Note 3) 1-Jan 31-Dec 3 64 67 70

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 122 132 137

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 18% 18% 18%

Water User Interests

HOWQ43, HOWQ53, HOWQ54, 

HOWQ55, HOWQ56, HOWQ57, 

HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest industrial intake operation (< 

92.6 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for shallowest public water supply intake 

operation (< 92 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for shallowest thermal power station operation 

(< 90 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for hydro unit operation (< 74 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

WQ189

Maximize low flows to maintain waste assimilation capacity of the 

regulated river reach.

Percent of days at or above approximate 7Q10 flow (450 cfs) released 

from the hydro development (RM 139.63) (Note 9) 1-Jan 31-Dec 5% 100% 100% 100%

Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 139.63) for the evaluation period (Note 12) 1-Jan 31-Dec 45 700 700 700

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 27% 29% 29%

Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 85% 85% 85%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 39% 41% 41%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 11% 11% 11%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 1 0 0

Total Project Hydropower & Water Quantity Management

FA40, HOWQ41, HOWQ42, 

HOWQ58 Minimize inefficiencies in using water stored for generation Percent of hydropower generation lost due to unplanned spills (Note 8) 1-Jan 31-Dec 1% 4% 4% 4%

Percent of hydropower generation lost due to other non-power 

generation uses (Note 9) 1-Jan 31-Dec 1% 20% 19% 19%

FA40, HOWQ41, HOWQ58 Maximize hydropower generation Avg. MWH/yr of hydropower produced 1-Jan 31-Dec 31,000 851,315 851,726 850,945

Average equivalent # of homes per year that could be powered by the 

Hydro Project (Note 11) 1-Jan 31-Dec 2,500 64,494 64,525 64,465

HOWQ58, HOWQ41,HOWQ45 Maximize hydropower value Avg. hydro generation value in Normalized Dollars/yr (Note 8) 1-Jan 31-Dec $20,000 $445,738 $445,079 $445,517

Background Performance Measure has improved vs. the Baseline Scenario

Background Performance Measure has declined vs. the Baseline Scenario

White Background There is no significant difference between the scenario and the Baseline Scenario by definition of MISC
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CIS # (Note 1) Performance Measures Criterion (Note 2) Start Date End Date MISC
(note 22)

UC-Base_2050 UC-Alt6_2050 UC-Alt7_2050

Lake Wylie (including the Wylie Regulated River Reach) (2006-2009) (2006-2009) (2006-2009)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 0 0 0

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 0 0 0

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 72% 69% 68%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 62% 55% 52%

Percent of time of lake levels >= 97 ft during the growing season 1-Apr 30-Sep 10% 78% 72% 69%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 55% 52% 51%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 35 37 39

FA22, FA25, FA31, FA34, FA35, 

FA39 Provide for aquatic habitat in the regulated river reach Percent of hours at or above 2000 cfs at Node 1 (RM 139.63) (Note 14) 1-Jan 31-Dec 10%

Percent of hours at or above 1080 cfs at Node 1 (RM 139.63) (Note 14) 1-Jan 31-Dec 10%

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 95.5 ft) during higher use months 1-Mar 31-Oct 25 36 39 42

Avg. days/yr lake level below critical level for public boat ramps (< 95.5 

ft) (Note 3) 1-Jan 31-Dec 3 64 67 70

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 122 132 137

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 18% 18% 18%

Water User Interests

HOWQ43, HOWQ53, HOWQ54, 

HOWQ55, HOWQ56, HOWQ57, 

HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest industrial intake operation (< 

92.6 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for shallowest public water supply intake 

operation (< 92 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for shallowest thermal power station operation 

(< 90 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for hydro unit operation (< 74 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 139.63) for the evaluation period (Note 12) 1-Jan 31-Dec 45 700 700 700

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 27% 29% 29%

Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 85% 85% 85%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 39% 41% 41%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 11% 11% 11%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 1 0 0

Fishing Creek Reservoir

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 91 68 80

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 402 306 390

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 94% 94% 94%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 98% 98% 98%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 93% 93% 93%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 2 1 2

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 95.0 ft) during higher use months 1-Mar 31-Oct 25 0 0 0

Avg. days/yr lake level below critical level for public boat ramps (< 95.0 

ft) (Note 3) 1-Jan 31-Dec 3 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 15 14 14

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 15% 15% 15%

Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 95 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for shallowest industrial intake operation (< 

90.8 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for hydro unit operation (< 77.9 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 15% 15% 15%

Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 97.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 100% 100% 100%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 100% 100% 100%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 0 0 1

Great Falls-Dearborn Reservoir (including the Great Falls Long Bypassed Reach and the Great Falls Short Bypassed Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 511 624 521

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 801 992 852

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 88% 88% 89%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 95% 95% 95%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 90% 90% 90%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 5 5 5

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 98.0 ft) during higher use months 1-Mar 31-Oct 25 21 21 21

Avg. days/yr lake level below critical level for public boat ramps (< 97.0 

ft) (Note 3) 1-Jan 31-Dec 3 37 39 36

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<98.0 ft) (Note 4) 1-Jan 31-Dec 3 54 55 54

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 18% 17% 18%

Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes Days below critical level for hydro unit operation (< 87.2 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 20% 21% 21%

Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 100% 100% 100%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 20% 20% 20%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 27 25 26

Days lake level above 103 ft 1-Jan 31-Dec 1 0 0 0

Cedar Creek Reservoir

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 321 228 347

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 593 546 663

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 93% 94% 93%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 97% 97% 97%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 92% 92% 91%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 0 0 0

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 98.5 ft) during higher use months 1-Mar 31-Oct 25 13 13 15

Avg. days/yr lake level below critical level for public boat ramps (< 96.0 

ft) (Note 3) 1-Jan 31-Dec 3 2 1 1

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 20 19 20

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 6% 6% 6%

Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes Days below critical level for hydro unit operation (< 80.3 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 18% 18% 18%

Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 100% 100% 100%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 18% 18% 19%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100 ft 1-Jan 31-Dec 1 0 0 0

Days lake level above 103 ft 1-Jan 31-Dec 1 0 0 0
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CIS # (Note 1) Performance Measures Criterion (Note 2) Start Date End Date MISC
(note 22)

UC-Base_2050 UC-Alt6_2050 UC-Alt7_2050
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Lake Wateree (including the Wateree Regulated River Reach)

Fish & Aquatic Interests

FA22 Minimize lake level variation during spawning season

Incidents of absolute lake level drops >=2 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 157 157 158

Incidents of absolute lake level drops >=1 ft over 14 day-period (Note 

10) 1-Mar 31-May 85 252 252 254

Percent of time of lake levels >= 98 ft 1-Mar 31-Jul 10% 64% 64% 65%

FA22 Maximize days of lake levels supporting littoral habitat Percent of time of lake levels >= 98 ft during the growing season 1-Apr 30-Sep 10% 66% 66% 67%

Percent of time of lake levels >= 98 ft 1-Jan 31-Dec 10% 74% 73% 74%

FA22 Minimize days of littoral habitat loss Incidents/yr of lake levels <= 96 ft for at least 2 consecutive days 1-Jan 31-Dec 10 44 44 44

FA22, FA25, FA31, FA34, FA35, 

FA39 Provide for aquatic habitat in the regulated river reach Percent of hours at or above 2000 cfs at Node 1 (RM 74.54) (Note 14) 1-Jan 31-Dec 10%

Percent of hours at or above 1200 cfs at Node 1 (RM 74.54) (Note 14) 1-Jan 31-Dec 10%

Recreation Interests

R111, R122, R127, R145 Minimize days/yr of restricted lake boat launching

Avg. days/yr lake level below critical level for highest public boat ramp 

(< 96.0 ft) during higher use months 1-Mar 31-Oct 25 68 68 68

Avg. days/yr lake level below critical level for public boat ramps (< 93.0 

ft) (Note 3) 1-Jan 31-Dec 3 0 0 0

R111, R122, R127, R145 Minimize days/yr of potentially restricted dock access

Avg. days/yr lake level below lowest avg. monthly level in post-Cowans 

Ford era (<97.0 ft) (Note 4) 1-Jan 31-Dec 3 91 91 91

R111, R122, R127, R145 Minimize reservoir area with restricted lake navigation

Percent of the lake's full pond surface area that is not boatable when 

lake level is at the lowest average monthly elevation (Note 4) 1-Jan 31-Dec 5% 13% 13% 11%

Water User Interests

HOWQ53, HOWQ54, HOWQ55, 

HOWQ56, HOWQ57, HOWQ58 Minimize days of restricted operation at lake-located intakes

Days below critical level for shallowest public water supply intake 

operation (< 92.5 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Days below critical level for hydro unit operation (< 74 ft) (Note 3) 1-Jan 31-Dec 1 0 0 0

Lowest 7-day average flowrate (cfs) released from the hydro 

development (RM 74.54) for the evaluation period (Note 12) 1-Jan 31-Dec 53 800 800 800

Other Interests

HOWQ46 Maximize days of near "full pool" lake levels

Percent of days lake level within +/- 1 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 1 ft.) 1-Jan 31-Dec 5% 3% 3% 2%

Percent of days lake level within +/- 3 ft of existing maximum guide 

curve (i.e. 98.0 ft +/- 3 ft.) 1-Jan 31-Dec 5% 97% 95% 100%

Maximize adherence to lake level target Percent of days lake level within +/- 2 ft of target 1-Jan 31-Dec 5% 19% 16% 19%

Percent of days lake level < Normal Minimum Elevation 1-Jan 31-Dec 10% 0% 0% 0%

HOWQ47, HOWQ48, HOWQ49 Minimize days of flooding of developed areas (Note 7) Days lake level above 100.2 ft 1-Jan 31-Dec 1 11 11 11

Days lake level above 103 ft 1-Jan 31-Dec 1 0 0 0

Total Project Hydropower & Water Quantity Management

FA40, HOWQ41, HOWQ42, 

HOWQ58 Minimize inefficiencies in using water stored for generation Percent of hydropower generation lost due to unplanned spills (Note 8) 1-Jan 31-Dec 1% 4% 4% 4%

Percent of hydropower generation lost due to other non-power 

generation uses (Note 9) 1-Jan 31-Dec 1% 20% 19% 19%

FA40, HOWQ41, HOWQ58 Maximize hydropower generation Avg. MWH/yr of hydropower produced 1-Jan 31-Dec 31,000 851,315 851,726 850,945

Average equivalent # of homes per year that could be powered by the 

Hydro Project (Note 11) 1-Jan 31-Dec 2,500 64,494 64,525 64,465

HOWQ58, HOWQ41,HOWQ45 Maximize hydropower value Avg. hydro generation value in Normalized Dollars/yr (Note 8) 1-Jan 31-Dec $20,000 $445,738 $445,079 $445,517

Background Performance Measure has improved vs. the Baseline Scenario

Background Performance Measure has declined vs. the Baseline Scenario

White Background There is no significant difference between the scenario and the Baseline Scenario by definition of MISC
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Notes

1 CIS # are the Composite Interest Statement numbers taken from Rev 3 of the Composite Interest Statement document

dated 10/27/04 for the interests that are both (1) directly related to water quantity management and (2) reasonably measurable using CHEOPS.

The following CIS #'s represent interests that are directly related to water quantity, but that will be dealt with differently as noted,  

and therefore will not be tabulated individually:

CIS # Composite Interest Statement (Rev 3 - 10/27/04)

FA16 Provide run-of-river flows through every dam. Scenario design readily identifies whether or not interest is met.

FA36 Scenario design readily identifies whether or not interest is met.

FA38 Restore run-of-river flows to the Great Falls. Scenario design readily identifies whether or not interest is met.

R125 Scenario design readily identifies whether or not interest is met.

R126 Scenario design readily identifies whether or not interest is met.

HOWQ51 LIP design determines if interest is met.

HOWQ52 LIP design determines if interest is met.

2 For criterion that measure on an hourly or daily basis, unless stated otherwise:

a. If an hourly criterion occurs during the average of four contiguous 15-minute periods, then it counts as 1 hour.

b. If a daily criterion occurs for 5 contiguous 1-hour periods, then it counts as 1 day.

3 Critical lake elevations per Attachment F of Draft AIP dated 10/15/04.

4 See App. C of Draft Reservoir Level Study Report dated 11/10/04 for average monthly lake levels during post-Cowans Ford era. 

Areas within the lakes are considered boatable if the water depth is greater than or equal to 3 ft. 

Lake surface areas are determined using Area-Volume Curves (i.e., a set of curves for each lake that 

graph both lake surface area and lake volume verses water depth).

5 Low Inflow Protocol (LIP) Trigger Point considerations.

6 Low Inflow Protocol (LIP) Trigger Point considerations.

7 Developed areas include areas with roads, houses and other man-made structures.

8 Includes lost hydropower generation due to unplanned spilling of water at hydro station dams. 

This measure does not include energy losses from evaporation, dam leakage or groundwater recharge. 

9 Includes lost hydropower due to minimum flow and recreation flow releases that bypass the hydro station and public water supply and industrial withdrawals. 

This measure does not include energy losses from evaporation, dam leakage or groundwater recharge. 

10 Normalized dollar value of hydropower generated in a given year =

[∑ (MWH x market value for each hour)]/(Highest hourly market price in that year)

11 Flow rates needed to provide for basic navigation. These flow rates are determined by the Instream Flow Study 

and/or the Recreation Flow Study. In SC, the flow rates are based on meeting SCDNR's navigation criteria.

In NC, the flow rates are based on Rec 02 studies.

12 7Q10 Flow rate = Lowest average flow rate over a 7-day period that statistically is likely to occur once every 10 years.

The approximate 7Q10 flow rates listed in this document are from Table 6.1-1, Summary of Catawba-Wateree Project 

Hydrology as shown in Duke Power's First Stage Consultation Document dated 2003.

13 Absolute Lake level variation is determined from hourly checks against the measure using 15-minute reservoir data averaged per hour.

The number of hours that exceed the starting reservoir elevation are recorded for each 14 day period between the start and end date.

The starting elevation (midnight reservoir elevation) is reset each 14-day period and the total hourly count for all test periods is recorded for each scenario.

14 Calculated by (Total Scenario MWh / 13.2 MWh per home) / the # of years in the scenario

The MISC of 3000 homes per year is roughly 2% of the average equivalent homes/yr under the Baseline conditions.

15 Lowest 7-day average flow rate is determined from a rolling 7-day average of the average daily flow (cfs).

Where a average daily flow rate is determined from 15-minute flow (cfs) data averaged per 24 hour-day.

16 Habitat flows were estimates based on field experience with the subject reaches.

17 Floodplain Ecology inundation and maintenance flows for the river reach below Lake James were based on summary results presented 

in "Assessment of Hydraulic Geometry and Channel-Maintaining Discharges in the Catawba River Below Lake James", October 2001.

18 Floodplain Ecology inundation flows are initial estimates to be reviewed by the appropriate RC.

19 Maintenance flows for the river reach below Wylie and Wateree were based on geomorphic bankfull estimates for IFIM cross sections

Wylie Cross section at River Mile 137.5

Wateree Cross section at River Mile 67.6

20 Recreation flows are initial estimates to be reviewed by the appropriate RC.

21 Flooding flows are initial estimates based on the full hydraulic turbine capacity discharge plus 

Oxford- One gate full open at reservoir = 100

Lookout- Discharge over spillway at reservoir = 103

Wylie- One gate full open at reservoir = 100

Wateree- Discharge over spillway at reservoir = 103

*Exception Lake James Bank full estimates per reference in Note 17

22

      being measured by a particular Criterion. 

Tie the low inflow protocol to both water conservation and energy 

conservation.

Assure that the low inflow protocol fully protects aquatic resources, 

water quality, and recreation.

Disposition

Mimic day, month, and annual natural flow patterns including 

natural floods in riverine and bypass areas.

Provide predictable recreation releases on bypass sections 

including the Great Falls bypass.

Provide predictable recreation releases on river sections (i.e., allow 

recreation users to plan ahead for river use).

c.   Adjustments to the MISC numbers (up or down) have also been made depending on the desires of the stakeholders that primarily have the interests that are

Also, daytime flows are assumed to be flows provided between 7:00 am and 7:00 pm. To the extent possible, each Criterion is defined in terms of 

percents and averages/yr so that the same Criterion is useful regardless of the length of the hydrology period (i.e., 1-yr, 3-yr, full period of record, 

etc.)

MISC = Minimum Increment of Significant Change. The MISC has the same units (i.e., days, days/yr, percent, etc.) as does the Criterion on that same row of the 

spreadsheet. If the output of two scenarios for a particular Criterion does not differ by more than the MISC, then there is no significant difference between those 

two scenarios as far as the Criterion in question is concerned. The following guidelines were used to establish the MISC numbers:

a.   As a general rule, MISC numbers are set at 10% of the possible total for that Criterion considering the Start/Stop dates.

b.   MISC numbers for Criterion that have the most negative outcomes if reached are typically set at less than 10% of the possible total for that Criterion.

Power produced by the hydro project is actually supplied to Duke Power's electric system grid and is used by Duke Power's electric customers (including 

residential, industrial and commercial customers), as is power produced at other Duke Power generating stations. This criterion of average equivalent homes 

per year is intended to simply make the total energy production potential of the hydro project more understandable to stakeholder team members and to put a 

perspective around potential differences in hydropower production between various operational scenarios. This measure does not imply that any number of 

homes will go without power if a particular scenario is chosen.
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Reservoir Operational Details 

Scenario 'UC-Base_2012'

Total Discharge (cfs) Inflow (cfs) Elevation (ft)
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Scenario 'UC-Base_2012'

Total Discharge (cfs) Inflow (cfs) Elevation (ft)
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Scenario 'UC-Base_2012'

Total Discharge (cfs) Inflow (cfs) Elevation (ft)
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Scenario 'UC-Base_2012' for 1999 to 2003
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Scenario 'UC-Base_2012' for 1999 to 2003
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Scenario 'UC-Base_2012' for 1999 to 2003

Total Discharge (cfs) Inflow (cfs) Elevation (ft)
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Scenario 'UC-Base_2012' for 1999 to 2003
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Scenario 'UC-Base_2012' for 1999 to 2003
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Fishing Creek Annual Generation 
Scenario 'UC-Base_2012' 

Fishing Creek
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Great Falls - Dearborn Annual Generation 
Scenario 'UC-Base_2012' 

Great Falls - Dearborn
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Rocky Creek - Cedar Creek Annual Generation 
Scenario 'UC-Base_2012' 

Rocky Creek - Cedar Creek
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Bridgewater Annual Generation 
Scenario 'UC-Alt6_UC2050_2012' 

Bridgewater
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Oxford Annual Generation 
Scenario 'UC-Alt6_UC2050_2012' 

Oxford
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Lookout Shoals Annual Generation 
Scenario 'UC-Alt6_UC2050_2012' 

Lookout Shoals
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Cowans Ford Annual Generation 
Scenario 'UC-Alt6_UC2050_2012' 

Cowans Ford



0

50,000

100,000

150,000

200,000

250,000

1
9

2
9

1
9

3
1

1
9

3
3

1
9

3
5

1
9

3
7

1
9

3
9

1
9

4
1

1
9

4
3

1
9

4
5

1
9

4
7

1
9

4
9

1
9

5
1

1
9

5
3

1
9

5
5

1
9

5
7

1
9

5
9

1
9

6
1

1
9

6
3

1
9

6
5

1
9

6
7

1
9

6
9

1
9

7
1

1
9

7
3

1
9

7
5

1
9

7
7

1
9

7
9

1
9

8
1

1
9

8
3

1
9

8
5

1
9

8
7

1
9

8
9

1
9

9
1

1
9

9
3

1
9

9
5

1
9

9
7

1
9

9
9

2
0

0
1

2
0

0
3

2
0

0
5

2
0

0
7

2
0

0
9

G
e

n
e

ra
ti

o
n

 (
M

W
h

) 

Year 

Mountain Island Annual Generation 
Scenario 'UC-Alt6_UC2050_2012' 

Mountain Island
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Wylie Annual Generation 
Scenario 'UC-Alt6_UC2050_2012' 

Wylie
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Fishing Creek Annual Generation 
Scenario 'UC-Alt6_UC2050_2012' 

Fishing Creek
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Great Falls - Dearborn Annual Generation 
Scenario 'UC-Alt6_UC2050_2012' 

Great Falls - Dearborn
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Rocky Creek - Cedar Creek Annual Generation 
Scenario 'UC-Alt6_UC2050_2012' 

Rocky Creek - Cedar Creek
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Wateree Annual Generation 
Scenario 'UC-Alt6_UC2050_2012' 

Wateree
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Rhodhiss Annual Generation 
Scenario 'UC-Base_2050' 
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Oxford Annual Generation 
Scenario 'UC-Base_2050' 

Oxford
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Lookout Shoals Annual Generation 
Scenario 'UC-Base_2050' 
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Cowans Ford Annual Generation 
Scenario 'UC-Base_2050' 

Cowans Ford
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Mountain Island Annual Generation 
Scenario 'UC-Base_2050' 

Mountain Island
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Wylie Annual Generation 
Scenario 'UC-Base_2050' 

Wylie
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Fishing Creek Annual Generation 
Scenario 'UC-Base_2050' 

Fishing Creek
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Great Falls - Dearborn Annual Generation 
Scenario 'UC-Base_2050' 

Great Falls - Dearborn
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Rocky Creek - Cedar Creek Annual Generation 
Scenario 'UC-Base_2050' 

Rocky Creek - Cedar Creek
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Wateree Annual Generation 
Scenario 'UC-Base_2050' 

Wateree
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Bridgewater Annual Generation 
Scenario 'UC-Alt6_2050' 

Bridgewater
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Rhodhiss Annual Generation 
Scenario 'UC-Alt6_2050' 
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Oxford Annual Generation 
Scenario 'UC-Alt6_2050' 

Oxford
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Lookout Shoals Annual Generation 
Scenario 'UC-Alt6_2050' 

Lookout Shoals
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Cowans Ford Annual Generation 
Scenario 'UC-Alt6_2050' 

Cowans Ford
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Mountain Island Annual Generation 
Scenario 'UC-Alt6_2050' 

Mountain Island
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Wylie Annual Generation 
Scenario 'UC-Alt6_2050' 

Wylie
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Fishing Creek Annual Generation 
Scenario 'UC-Alt6_2050' 

Fishing Creek
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Great Falls - Dearborn Annual Generation 
Scenario 'UC-Alt6_2050' 

Great Falls - Dearborn
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Rocky Creek - Cedar Creek Annual Generation 
Scenario 'UC-Alt6_2050' 

Rocky Creek - Cedar Creek
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Bridgewater Annual Generation 
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Oxford Annual Generation 
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Oxford
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Lookout Shoals Annual Generation 
Scenario 'UC-Alt7_2050' 
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Cowans Ford Annual Generation 
Scenario 'UC-Alt7_2050' 

Cowans Ford
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Mountain Island Annual Generation 
Scenario 'UC-Alt7_2050' 

Mountain Island
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Wylie Annual Generation 
Scenario 'UC-Alt7_2050' 

Wylie



0

50,000

100,000

150,000

200,000

250,000

300,000

1
9

2
9

1
9

3
1

1
9

3
3

1
9

3
5

1
9

3
7

1
9

3
9

1
9

4
1

1
9

4
3

1
9

4
5

1
9

4
7

1
9

4
9

1
9

5
1

1
9

5
3

1
9

5
5

1
9

5
7

1
9

5
9

1
9

6
1

1
9

6
3

1
9

6
5

1
9

6
7

1
9

6
9

1
9

7
1

1
9

7
3

1
9

7
5

1
9

7
7

1
9

7
9

1
9

8
1

1
9

8
3

1
9

8
5

1
9

8
7

1
9

8
9

1
9

9
1

1
9

9
3

1
9

9
5

1
9

9
7

1
9

9
9

2
0

0
1

2
0

0
3

2
0

0
5

2
0

0
7

2
0

0
9

G
e

n
e

ra
ti

o
n

 (
M

W
h

) 

Year 

Fishing Creek Annual Generation 
Scenario 'UC-Alt7_2050' 

Fishing Creek
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Great Falls - Dearborn Annual Generation 
Scenario 'UC-Alt7_2050' 

Great Falls - Dearborn
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Rocky Creek - Cedar Creek Annual Generation 
Scenario 'UC-Alt7_2050' 

Rocky Creek - Cedar Creek



0

50,000

100,000

150,000

200,000

250,000

300,000

350,000

400,000

450,000

1
9

2
9

1
9

3
1

1
9

3
3

1
9

3
5

1
9

3
7

1
9

3
9

1
9

4
1

1
9

4
3

1
9

4
5

1
9

4
7

1
9

4
9

1
9

5
1

1
9

5
3

1
9

5
5

1
9

5
7

1
9

5
9

1
9

6
1

1
9

6
3

1
9

6
5

1
9

6
7

1
9

6
9

1
9

7
1

1
9

7
3

1
9

7
5

1
9

7
7

1
9

7
9

1
9

8
1

1
9

8
3

1
9

8
5

1
9

8
7

1
9

8
9

1
9

9
1

1
9

9
3

1
9

9
5

1
9

9
7

1
9

9
9

2
0

0
1

2
0

0
3

2
0

0
5

2
0

0
7

2
0

0
9

G
e

n
e

ra
ti

o
n

 (
M

W
h

) 

Year 

Wateree Annual Generation 
Scenario 'UC-Alt7_2050' 

Wateree
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Storage Exceedance Curves 

 

Drought 2 (2006-2009) 
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G-1 
Storage Comparisons 

2012 Basin-Wide Water 
Demand with Union County 
2050 YRWSP Demand 

Period of Record 
 

 
 

  

  



Annual Averages

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Bridgewater 1196.7 1196.8 1196.7 Bridgewater 260,154 260,475 260,045
Rhodhiss 993.4 993.4 993.4 Rhodhiss 41,594 41,678 41,579

Oxford 933.2 933.3 933.2 Oxford 119,267 119,484 119,235
Lookout Shoals 836.7 836.7 836.7 Lookout Shoals 23,501 23,546 23,488
Cowans Ford 757.9 757.9 757.9 Cowans Ford 999,239 999,850 999,159

Mountain Island 645.1 645.1 645.1 Mountain Island 53,016 53,065 52,933
Wylie 567.1 567.1 567.1 Wylie 206,877 207,256 206,808

Fishing Creek 416.2 416.2 416.2 Fishing Creek 32,469 32,581 32,463
Great Falls - Dearborn 355.1 355.1 355.1 Great Falls - Dearborn 4,615 4,624 4,616

Rocky Creek - Cedar Creek 283.4 283.5 283.4 Rocky Creek - Cedar Creek 16,481 16,510 16,479
Wateree 224.9 224.9 224.8 Wateree 247,536 247,591 247,427

Total 2,004,751 2,006,660 2,004,232

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Bridgewater 1196.7 0.1 0.0 Bridgewater 260,154 321 -109
Rhodhiss 993.4 0.0 0.0 Rhodhiss 41,594 83 -15

Oxford 933.2 0.1 0.0 Oxford 119,267 217 -32
Lookout Shoals 836.7 0.0 0.0 Lookout Shoals 23,501 45 -13
Cowans Ford 757.9 0.0 0.0 Cowans Ford 999,239 611 -80

Mountain Island 645.1 0.0 0.0 Mountain Island 53,016 49 -83
Wylie 567.1 0.0 0.0 Wylie 206,877 379 -69

Fishing Creek 416.2 0.0 0.0 Fishing Creek 32,469 112 -7
Great Falls - Dearborn 355.1 0.0 0.0 Great Falls - Dearborn 4,615 9 1

Rocky Creek - Cedar Creek 283.4 0.1 0.0 Rocky Creek - Cedar Creek 16,481 29 -3
Wateree 224.9 0.0 -0.1 Wateree 247,536 55 -109

Total 2,004,751 1,910 -518

Average 
Elevation (feet)

Average Storage 
(million gallons)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Bridgewater 1196.7 1 0 Bridgewater 84,772 105 -36
Rhodhiss 993.4 0 0 Rhodhiss 13,554 27 -5

Oxford 933.2 1 0 Oxford 38,863 71 -10
Lookout Shoals 836.7 0 0 Lookout Shoals 7,658 15 -4
Cowans Ford 757.9 0 0 Cowans Ford 325,603 199 -26

Mountain Island 645.1 0 0 Mountain Island 17,275 16 -27
Wylie 567.1 0 0 Wylie 67,411 123 -22

Fishing Creek 416.2 0 0 Fishing Creek 10,580 36 -2
Great Falls - Dearborn 355.1 0 0 Great Falls - Dearborn 1,504 3 0

Rocky Creek - Cedar Creek 283.4 1 0 Rocky Creek - Cedar Creek 5,371 9 -1
Wateree 224.9 0 -1 Wateree 80,660 18 -36

Total 653,251 622 -169

Reservoir

Difference (in) from BASE (1929-
2010)

Reservoir

Difference (million gallons) from 
BASE (1929-2010)

Reservoir

Average Elevation (feet)

Reservoir

Average Storage (acre-feet)

Reservoir

Difference (feet) from BASE (1929-
2010)

Reservoir

Difference (acre-feet) from BASE 
(1929-2010)



Plant‐specific Tables

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 1196.3 0.0 0.0 Jan 257,309 261 -174
Feb 1196.1 0.1 0.0 Feb 256,616 738 -122
Mar 1196.0 0.1 0.0 Mar 255,596 556 -154
Apr 1196.9 0.1 0.0 Apr 261,217 589 -178
May 1197.4 0.1 0.0 May 263,684 311 -109
Jun 1197.6 0.0 0.0 Jun 264,966 333 -215
Jul 1197.1 0.0 0.0 Jul 262,216 179 -107
Aug 1197.3 0.0 0.0 Aug 263,420 174 -71
Sep 1197.3 0.0 0.0 Sep 263,272 -178 -121
Oct 1196.7 0.1 0.0 Oct 260,092 346 -70
Nov 1195.9 0.0 0.0 Nov 255,136 14 -44
Dec 1196.4 0.1 0.0 Dec 258,137 543 48

Total - 3,866 -1,316

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 993.5 0.0 0.0 Jan 41,789 73 -32
Feb 993.7 0.1 0.0 Feb 42,070 168 -1
Mar 993.3 0.0 0.0 Mar 41,460 74 -3
Apr 993.8 0.1 0.0 Apr 42,287 205 -19
May 993.3 0.0 0.0 May 41,370 -31 13
Jun 993.9 0.1 0.0 Jun 42,439 106 -32
Jul 993.0 0.0 0.0 Jul 40,897 41 32
Aug 993.4 0.0 0.0 Aug 41,704 87 -11
Sep 992.9 0.0 0.0 Sep 40,802 -85 -80
Oct 993.1 0.1 0.0 Oct 41,169 141 -39
Nov 993.3 0.0 0.0 Nov 41,326 51 5
Dec 993.6 0.1 0.0 Dec 41,875 177 -16

Total - 1,007 -182

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 932.8 0.0 0.0 Jan 117,579 224 -82
Feb 933.2 0.1 0.0 Feb 119,368 413 -1
Mar 933.3 0.0 0.0 Mar 119,445 176 -51
Apr 933.7 0.1 0.0 Apr 121,051 444 -13
May 933.2 0.0 0.0 May 119,219 93 97
Jun 933.7 0.0 0.0 Jun 121,289 140 30
Jul 933.1 0.0 0.0 Jul 118,950 24 36
Aug 933.4 0.1 0.0 Aug 119,908 300 -17
Sep 933.0 0.0 -0.1 Sep 118,462 -103 -206
Oct 933.0 0.1 0.0 Oct 118,621 276 -130
Nov 933.1 0.0 0.0 Nov 118,712 169 -32
Dec 933.0 0.1 0.0 Dec 118,690 461 -15

Total - 2,617 -385

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 836.8 0.0 0.0 Jan 23,548 50 -11
Feb 836.9 0.1 0.0 Feb 23,652 65 -10
Mar 836.8 0.1 0.0 Mar 23,576 46 10
Apr 837.1 0.1 0.0 Apr 23,841 76 -5
May 836.7 0.1 0.0 May 23,501 56 26
Jun 837.0 0.1 0.0 Jun 23,757 57 12
Jul 836.5 0.0 0.0 Jul 23,334 3 -16
Aug 836.7 0.1 0.0 Aug 23,529 62 -6
Sep 836.3 0.0 -0.1 Sep 23,179 -40 -57
Oct 836.4 0.1 -0.1 Oct 23,283 54 -54
Nov 836.5 0.0 0.0 Nov 23,329 47 -2
Dec 836.7 0.1 -0.1 Dec 23,502 67 -44

Total - 541 -157

Month

Lookout Shoals Difference (feet) 
from BASE (1929-2010)

Month

Lookout Shoals Difference (acre-
feet) from BASE (1929-2010)

Month

Rhodhiss Difference (feet) from 
BASE (1929-2010)

Month

Rhodhiss Difference (acre-feet) 
from BASE (1929-2010)

Month

Oxford Difference (feet) from BASE 
(1929-2010)

Month

Oxford Difference (acre-feet) from 
BASE (1929-2010)

Month

Bridgewater Difference (feet) from 
BASE (1929-2010)

Month

Bridgewater Difference (acre-feet) 
from BASE (1929-2010)



Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 756.7 0.0 0.0 Jan 961,849 866 -212
Feb 756.3 0.0 0.0 Feb 948,513 950 -262
Mar 757.0 0.0 0.0 Mar 970,660 741 -231
Apr 758.2 0.0 0.0 Apr 1,008,755 841 -243
May 758.6 0.0 0.0 May 1,021,447 213 -418
Jun 758.8 0.0 0.0 Jun 1,029,141 276 52
Jul 758.7 0.0 0.0 Jul 1,024,995 -281 57
Aug 758.8 0.0 0.0 Aug 1,027,846 697 101
Sep 758.7 0.0 0.0 Sep 1,023,229 -390 -14
Oct 758.2 0.0 0.0 Oct 1,009,464 1,391 155
Nov 757.4 0.0 0.0 Nov 983,551 496 82
Dec 757.2 0.0 0.0 Dec 978,514 1,512 -23

Total - 7,313 -955

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 645.4 0.0 0.0 Jan 53,771 39 -90
Feb 645.3 0.1 -0.1 Feb 53,599 155 -136
Mar 645.1 0.0 0.0 Mar 52,954 40 -82
Apr 645.1 -0.1 0.0 Apr 53,132 -153 -132
May 645.0 0.1 0.0 May 52,875 124 -88
Jun 645.0 0.0 0.0 Jun 52,667 -1 3
Jul 645.1 0.0 0.0 Jul 52,986 98 37
Aug 645.0 0.0 0.0 Aug 52,781 93 -84
Sep 645.2 0.0 0.0 Sep 53,426 58 -49
Oct 645.0 0.0 0.0 Oct 52,838 -22 -143
Nov 644.9 0.0 0.0 Nov 52,579 22 -94
Dec 645.0 0.0 -0.1 Dec 52,620 131 -138

Total - 585 -995

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 567.3 0.0 0.0 Jan 209,048 99 408
Feb 567.6 0.1 0.0 Feb 211,670 746 -5
Mar 567.5 0.0 0.0 Mar 210,635 428 -73
Apr 567.8 0.1 0.0 Apr 214,061 944 -35
May 567.5 0.1 0.0 May 211,279 501 -182
Jun 567.1 0.0 0.0 Jun 207,200 269 -244
Jul 566.6 0.0 0.0 Jul 202,241 114 -387
Aug 566.7 0.0 0.0 Aug 203,216 296 -240
Sep 566.6 0.0 0.0 Sep 202,046 126 -145
Oct 566.6 0.0 0.0 Oct 202,201 433 -39
Nov 566.7 0.0 0.0 Nov 203,167 270 -9
Dec 567.0 0.0 0.0 Dec 206,151 352 123

Total - 4,579 -827

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 416.2 0.0 0.0 Jan 32,616 111 2
Feb 416.2 0.1 0.0 Feb 32,599 223 -11
Mar 416.0 0.0 0.0 Mar 31,975 97 5
Apr 416.3 0.1 0.0 Apr 32,754 228 11
May 416.1 0.0 0.0 May 32,218 9 15
Jun 416.4 0.1 0.0 Jun 32,982 156 1
Jul 416.0 0.0 0.0 Jul 32,028 5 -5
Aug 416.4 0.0 0.0 Aug 33,153 84 -8
Sep 416.1 0.0 0.0 Sep 32,253 -66 -104
Oct 416.2 0.1 0.0 Oct 32,364 190 13
Nov 416.1 0.0 0.0 Nov 32,279 110 3
Dec 416.2 0.1 0.0 Dec 32,433 203 -1

Total - 1,350 -80

Month

Fishing Creek Difference (feet) 
from BASE (1929-2010)

Month

Fishing Creek Difference (acre-
feet) from BASE (1929-2010)

Month

Mountain Island Difference (feet) 
from BASE (1929-2010)

Month

Mountain Island Difference (acre-
feet) from BASE (1929-2010)

Month

Wylie Difference (feet) from BASE 
(1929-2010)

Month

Wylie Difference (acre-feet) from 
BASE (1929-2010)

Month

Cowans Ford Difference (feet) from 
BASE (1929-2010)

Month

Cowans Ford Difference (acre-feet) 
from BASE (1929-2010)



Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 355.2 0.0 0.0 Jan 4,656 17 7
Feb 355.2 0.0 0.0 Feb 4,655 16 -8
Mar 354.9 0.0 0.0 Mar 4,546 11 6
Apr 355.0 0.1 0.0 Apr 4,603 21 -9
May 355.0 0.0 0.0 May 4,588 3 5
Jun 355.2 0.0 0.0 Jun 4,665 16 4
Jul 354.9 0.0 0.0 Jul 4,559 -5 -6
Aug 355.2 0.0 0.0 Aug 4,660 4 1
Sep 355.0 0.0 0.0 Sep 4,572 -1 3
Oct 355.0 0.0 0.0 Oct 4,607 16 2
Nov 355.0 0.0 0.0 Nov 4,598 1 1
Dec 355.2 0.0 0.0 Dec 4,677 11 3

Total - 110 8

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 283.4 0.0 0.0 Jan 16,451 27 -3
Feb 283.4 0.1 0.0 Feb 16,508 55 -4
Mar 283.2 0.0 0.0 Mar 16,300 20 -7
Apr 283.5 0.1 0.0 Apr 16,577 54 -1
May 283.3 0.0 0.0 May 16,406 2 2
Jun 283.7 0.0 0.0 Jun 16,659 29 -4
Jul 283.3 0.0 0.0 Jul 16,406 -1 3
Aug 283.7 0.0 0.0 Aug 16,675 33 -1
Sep 283.4 0.0 0.0 Sep 16,447 -8 -13
Oct 283.4 0.1 0.0 Oct 16,457 43 -7
Nov 283.3 0.1 0.0 Nov 16,408 36 0
Dec 283.4 0.1 0.0 Dec 16,492 57 7

Total - 347 -31

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 224.8 0.0 0.0 Jan 247,365 206 25
Feb 224.9 0.0 0.0 Feb 248,383 377 28
Mar 224.7 0.0 0.0 Mar 245,666 342 20
Apr 224.4 0.0 0.0 Apr 241,941 91 -258
May 224.2 0.0 0.0 May 239,941 -65 -128
Jun 224.9 0.0 0.0 Jun 248,270 -146 -295
Jul 225.1 0.0 0.0 Jul 249,845 -162 -116
Aug 225.2 0.0 0.0 Aug 251,576 -59 -150
Sep 225.1 0.0 0.0 Sep 250,645 -224 -161
Oct 225.1 0.0 0.0 Oct 250,680 57 -116
Nov 225.0 0.0 0.0 Nov 248,731 -13 -89
Dec 224.8 0.0 0.0 Dec 247,450 273 -66

Total - 676 -1,308

Average Storage 
(acre-feet)

Base (1929-
2010)

Alt6 UC2050 
2012

Alt7 UC2050 
2012

Jan 1,965,981 1,974 -164
Feb 1,957,633 3,908 -532
Mar 1,972,812 2,531 -560
Apr 2,020,220 3,339 -882
May 2,026,527 1,216 -768
Jun 2,044,036 1,236 -688
Jul 2,028,457 16 -472
Aug 2,038,467 1,771 -485
Sep 2,028,333 -911 -947
Oct 2,011,775 2,924 -428
Nov 1,979,816 1,201 -180
Dec 1,980,542 3,787 -122

Total - 22,992 -6,228

Month

Total System Difference (acre-feet) 
from BASE (1929-2010)

Month

Rocky Creek - Cedar Creek 
Difference (feet) from BASE (1929-

2010) Month

Rocky Creek - Cedar Creek 
Difference (acre-feet) from BASE 

(1929-2010)

Month

Wateree Difference (feet) from 
BASE (1929-2010)

Month

Wateree Difference (acre-feet) from 
BASE (1929-2010)

Month

Great Falls - Dearborn Difference 
(feet) from BASE (1929-2010)

Month

Great Falls - Dearborn Difference 
(acre-feet) from BASE (1929-2010)
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for years 1929 to 2010 

Cowans Ford



53,016 

53,065 

52,933 

52,850

52,900

52,950

53,000

53,050

53,100

BLY 2012 Alt6 UC2050 2012 Alt7 UC2050 2012

St
o

ra
ge

 (
A

cr
e

-f
e

e
t)

 

Alternative 

Mountain Island - Average Storage Comparison 
for years 1929 to 2010 

Mountain Island
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Alternative 

Wylie - Average Storage Comparison 
for years 1929 to 2010 

Wylie
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Alternative 

Fishing Creek - Average Storage Comparison 
for years 1929 to 2010 

Fishing Creek
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Alternative 

Great Falls - Average Storage Comparison 
for years 1929 to 2010 

Great Falls - Dearborn
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Alternative 

Rocky Creek - Average Storage Comparison 
for years 1929 to 2010 

Rocky Creek - Cedar Creek
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Alternative 

Wateree - Average Storage Comparison 
for years 1929 to 2010 

Wateree
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Alternative 

Total System - Average Storage Comparison 
for years 1929 to 2010 
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G-2 
Storage Comparisons 

2012 Basin-Wide Water 
Demand with Union County 
2050 YRWSP Demand 

Drought 1 (1999-2003) 
 

 
 

  

  



Annual Averages

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Bridgewater 1195.8 1195.8 1195.7 Bridgewater 254,661 254,646 254,066
Rhodhiss 993.4 993.4 993.3 Rhodhiss 41,595 41,567 41,430

Oxford 933.3 933.2 933.1 Oxford 119,577 119,468 119,018
Lookout Shoals 836.9 836.9 836.7 Lookout Shoals 23,665 23,665 23,522
Cowans Ford 758.4 758.3 758.3 Cowans Ford 1,014,664 1,013,423 1,011,751

Mountain Island 644.6 644.7 644.4 Mountain Island 51,759 51,870 51,271
Wylie 566.0 566.0 565.9 Wylie 196,150 196,235 195,750

Fishing Creek 417.0 417.0 417.0 Fishing Creek 34,677 34,683 34,678
Great Falls - Dearborn 355.4 355.4 355.4 Great Falls - Dearborn 4,776 4,774 4,775

Rocky Creek - Cedar Creek 284.2 284.2 284.2 Rocky Creek - Cedar Creek 17,045 17,055 17,050
Wateree 224.8 224.8 224.8 Wateree 247,173 246,995 246,839

Total 2,005,741 2,004,379 2,000,150

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Bridgewater 1195.8 0.0 -0.1 Bridgewater 254,661 -15 -595
Rhodhiss 993.4 0.0 -0.1 Rhodhiss 41,595 -29 -165

Oxford 933.3 -0.1 -0.2 Oxford 119,577 -108 -558
Lookout Shoals 836.9 0.0 -0.2 Lookout Shoals 23,665 0 -143
Cowans Ford 758.4 -0.1 -0.1 Cowans Ford 1,014,664 -1,242 -2,913

Mountain Island 644.6 0.1 -0.2 Mountain Island 51,759 110 -488
Wylie 566.0 0.0 -0.1 Wylie 196,150 85 -400

Fishing Creek 417.0 0.0 0.0 Fishing Creek 34,677 6 1
Great Falls - Dearborn 355.4 0.0 0.0 Great Falls - Dearborn 4,776 -2 0

Rocky Creek - Cedar Creek 284.2 0.0 0.0 Rocky Creek - Cedar Creek 17,045 10 5
Wateree 224.8 0.0 0.0 Wateree 247,173 -178 -334

Total 2,005,741 -1,362 -5,591

Average 
Elevation (feet)

Average Storage 
(million gallons)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Bridgewater 1195.8 0 -1 Bridgewater 82,982 -5 -194
Rhodhiss 993.4 0 -1 Rhodhiss 13,554 -9 -54

Oxford 933.3 -1 -2 Oxford 38,964 -35 -182
Lookout Shoals 836.9 0 -2 Lookout Shoals 7,711 0 -47
Cowans Ford 758.4 -1 -1 Cowans Ford 330,630 -405 -949

Mountain Island 644.6 1 -2 Mountain Island 16,866 36 -159
Wylie 566.0 0 -1 Wylie 63,916 28 -130

Fishing Creek 417.0 0 0 Fishing Creek 11,300 2 0
Great Falls - Dearborn 355.4 0 0 Great Falls - Dearborn 1,556 -1 0

Rocky Creek - Cedar Creek 284.2 0 0 Rocky Creek - Cedar Creek 5,554 3 2
Wateree 224.8 0 0 Wateree 80,542 -58 -109

Total 653,574 -444 -1,822

Reservoir

Difference (in) from BASE (Drought 
1 (1999-2003))

Reservoir

Difference (million gallons) from 
BASE (Drought 1 (1999-2003))

Reservoir

Drought 1 (1999-2003) Average Elevation (feet)

Reservoir

Drought 1 (1999-2003) Average Storage (acre-feet)

Reservoir

Difference (feet) from BASE 
(Drought 1 (1999-2003))

Reservoir

Difference (acre-feet) from BASE 
(Drought 1 (1999-2003))



Plant‐specific Tables

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 1195.0 0.0 0.0 Jan 250,027 15 -83
Feb 1195.5 0.0 -0.2 Feb 252,891 -154 -1,028
Mar 1195.5 0.0 -0.3 Mar 252,892 -74 -1,900
Apr 1197.6 0.0 -0.3 Apr 265,450 -1 -1,865
May 1197.2 0.0 -0.2 May 262,970 11 -944
Jun 1196.7 0.0 -0.1 Jun 259,886 -22 -363
Jul 1196.0 0.0 0.0 Jul 255,540 8 -240
Aug 1195.8 0.0 -0.1 Aug 254,925 3 -575
Sep 1194.6 0.0 0.0 Sep 247,779 2 -41
Oct 1194.6 0.0 0.0 Oct 247,894 0 -3
Nov 1194.6 0.0 0.0 Nov 247,607 21 -13
Dec 1196.3 0.0 0.0 Dec 257,860 1 -124

Total - -192 -7,179

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 993.5 0.0 -0.3 Jan 41,725 -2 -579
Feb 994.5 0.0 0.0 Feb 43,536 5 -3
Mar 994.0 0.0 0.0 Mar 42,687 32 5
Apr 994.4 0.0 0.0 Apr 43,320 -7 11
May 994.1 -0.1 -0.3 May 42,906 -245 -577
Jun 994.7 -0.1 -0.2 Jun 43,938 -112 -293
Jul 992.7 0.0 0.0 Jul 40,302 24 14
Aug 992.5 0.0 -0.1 Aug 40,031 -36 -237
Sep 991.3 0.0 0.0 Sep 38,029 0 -68
Oct 992.9 0.0 0.0 Oct 40,681 0 -50
Nov 992.3 0.0 0.0 Nov 39,766 -1 -1
Dec 993.8 0.0 -0.1 Dec 42,351 3 -178

Total - -339 -1,956

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 932.2 0.0 -0.2 Jan 115,521 8 -648
Feb 934.1 0.0 0.0 Feb 122,850 -9 -3
Mar 933.9 0.0 0.0 Mar 122,059 31 35
Apr 934.1 0.1 0.2 Apr 122,993 311 624
May 934.3 -0.1 -0.2 May 123,590 -346 -939
Jun 934.9 -0.2 -0.3 Jun 125,830 -732 -1,356
Jul 933.0 -0.1 -0.1 Jul 118,643 -224 -586
Aug 932.8 -0.1 -0.1 Aug 117,779 -333 -530
Sep 931.9 0.0 -0.3 Sep 114,167 1 -996
Oct 932.7 0.0 -0.3 Oct 117,342 1 -1,032
Nov 932.5 0.0 -0.3 Nov 116,835 -10 -972
Dec 932.7 0.0 -0.1 Dec 117,657 14 -260

Total - -1,289 -6,663

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 836.9 0.0 -0.1 Jan 23,659 -1 -59
Feb 837.3 0.0 0.0 Feb 23,998 -1 -11
Mar 837.2 0.0 0.0 Mar 23,921 -23 -11
Apr 837.5 -0.2 -0.1 Apr 24,175 -164 -69
May 837.7 0.1 0.0 May 24,313 74 5
Jun 838.0 0.1 0.0 Jun 24,637 46 32
Jul 836.4 0.1 -0.1 Jul 23,244 56 -103
Aug 836.0 0.0 0.0 Aug 22,945 -1 -44
Sep 835.4 0.0 0.0 Sep 22,385 0 26
Oct 836.4 0.0 -0.9 Oct 23,233 2 -722
Nov 836.7 0.0 -0.2 Nov 23,542 4 -143
Dec 837.2 0.0 -0.7 Dec 23,962 0 -597

Total - -7 -1,696

Month

Lookout Shoals Difference (feet) 
from BASE (Drought 1 (1999-2003))

Month

Lookout Shoals Difference (acre-
feet) from BASE (Drought 1 (1999-

2003))

Month

Rhodhiss Difference (feet) from 
BASE (Drought 1 (1999-2003))

Month

Rhodhiss Difference (acre-feet) 
from BASE (Drought 1 (1999-2003))

Month

Oxford Difference (feet) from BASE 
(Drought 1 (1999-2003))

Month

Oxford Difference (acre-feet) from 
BASE (Drought 1 (1999-2003))

Month

Bridgewater Difference (feet) from 
BASE (Drought 1 (1999-2003))

Month

Bridgewater Difference (acre-feet) 
from BASE (Drought 1 (1999-2003))



Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 757.6 0.0 -0.1 Jan 991,697 -411 -2,863
Feb 757.8 0.0 0.0 Feb 997,343 -123 -1,643
Mar 758.4 0.0 0.0 Mar 1,015,972 -6 38
Apr 759.0 0.0 0.0 Apr 1,035,940 -600 -59
May 758.8 0.0 0.0 May 1,028,649 -1,420 -558
Jun 759.1 0.0 0.0 Jun 1,036,507 -1,740 -1,265
Jul 758.9 -0.1 -0.1 Jul 1,031,438 -1,761 -2,849
Aug 758.8 -0.1 -0.1 Aug 1,027,208 -1,831 -3,963
Sep 758.0 -0.1 -0.1 Sep 1,002,790 -1,898 -4,632
Oct 757.8 -0.1 -0.2 Oct 996,704 -1,883 -4,887
Nov 757.7 -0.1 -0.2 Nov 991,639 -1,873 -6,772
Dec 758.5 0.0 -0.2 Dec 1,018,657 -1,284 -5,420

Total - -14,830 -34,873

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 644.5 0.0 -0.1 Jan 51,560 10 -213
Feb 644.9 0.0 -0.4 Feb 52,587 56 -1,140
Mar 646.0 0.1 -0.1 Mar 55,504 151 -309
Apr 646.1 0.1 0.0 Apr 55,749 286 -22
May 645.7 0.1 0.0 May 54,749 317 -59
Jun 644.9 0.1 -0.1 Jun 52,605 335 -271
Jul 644.4 -0.1 -0.1 Jul 51,217 -145 -348
Aug 644.6 0.1 -0.1 Aug 51,709 321 -305
Sep 643.5 0.0 -0.4 Sep 48,809 0 -1,068
Oct 643.0 0.0 -0.4 Oct 47,475 0 -994
Nov 643.3 0.0 -0.2 Nov 48,210 2 -431
Dec 644.3 0.0 -0.3 Dec 50,932 -7 -758

Total - 1,325 -5,918

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 565.2 0.0 -0.1 Jan 188,697 -124 -743
Feb 566.8 0.0 -0.1 Feb 203,954 -25 -807
Mar 568.1 0.0 -0.1 Mar 217,127 55 -1,040
Apr 569.1 0.0 0.0 Apr 227,087 373 165
May 568.8 0.0 0.0 May 224,447 278 -45
Jun 567.5 0.0 -0.1 Jun 210,672 338 -489
Jul 565.2 0.0 -0.1 Jul 188,301 130 -868
Aug 564.6 0.0 0.0 Aug 182,692 23 -216
Sep 563.8 0.0 0.0 Sep 174,976 0 -373
Oct 563.7 0.0 0.0 Oct 173,369 0 -133
Nov 564.0 0.0 0.0 Nov 176,911 1 -151
Dec 565.0 0.0 0.0 Dec 186,280 -20 -108

Total - 1,028 -4,808

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 416.7 0.0 0.0 Jan 33,820 21 -8
Feb 416.9 0.0 0.0 Feb 34,551 18 -1
Mar 416.6 0.0 0.0 Mar 33,715 35 64
Apr 417.1 0.0 0.0 Apr 35,111 74 -70
May 417.1 0.0 0.0 May 34,930 -46 -35
Jun 417.2 0.0 0.0 Jun 35,346 -1 0
Jul 416.8 0.0 0.0 Jul 34,111 -9 3
Aug 417.2 0.0 0.0 Aug 35,318 -5 -3
Sep 416.8 0.0 0.0 Sep 34,274 -1 56
Oct 417.2 0.0 0.0 Oct 35,293 -1 0
Nov 416.9 0.0 0.0 Nov 34,370 -6 3
Dec 417.2 0.0 0.0 Dec 35,283 -1 0

Total - 77 8

Month

Fishing Creek Difference (feet) from 
BASE (Drought 1 (1999-2003))

Month

Fishing Creek Difference (acre-feet) 
from BASE (Drought 1 (1999-2003))

Month

Mountain Island Difference (feet) 
from BASE (Drought 1 (1999-2003))

Month

Mountain Island Difference (acre-
feet) from BASE (Drought 1 (1999-

Month

Wylie Difference (feet) from BASE 
(Drought 1 (1999-2003))

Month

Wylie Difference (acre-feet) from 
BASE (Drought 1 (1999-2003))

Month

Cowans Ford Difference (feet) from 
BASE (Drought 1 (1999-2003))

Month

Cowans Ford Difference (acre-feet) 
from BASE (Drought 1 (1999-2003))



Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 355.4 0.0 0.0 Jan 4,740 0 -9
Feb 355.5 0.0 0.0 Feb 4,780 -5 -2
Mar 355.2 0.0 0.0 Mar 4,671 -11 9
Apr 355.5 0.0 0.0 Apr 4,792 2 2
May 355.5 0.0 0.0 May 4,791 11 -7
Jun 355.6 0.0 0.0 Jun 4,818 -3 0
Jul 355.1 0.0 0.0 Jul 4,627 -1 -5
Aug 355.5 0.0 0.0 Aug 4,810 -5 -3
Sep 355.3 0.0 0.0 Sep 4,715 -3 5
Oct 355.7 0.0 0.0 Oct 4,887 -3 -1
Nov 355.5 0.0 0.0 Nov 4,778 -5 7
Dec 355.8 0.0 0.0 Dec 4,901 -1 0

Total - -25 -3

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 283.9 0.0 0.0 Jan 16,856 15 -6
Feb 284.3 0.0 -0.1 Feb 17,153 -30 -56
Mar 284.1 0.1 0.0 Mar 16,964 32 10
Apr 284.2 0.1 0.1 Apr 17,092 68 44
May 284.1 0.0 0.0 May 16,966 15 12
Jun 284.4 0.0 0.0 Jun 17,210 0 0
Jul 284.0 0.0 0.0 Jul 16,936 -3 13
Aug 284.4 0.0 0.0 Aug 17,190 -1 -1
Sep 284.0 0.0 0.0 Sep 16,946 17 19
Oct 284.4 0.0 0.0 Oct 17,179 0 0
Nov 283.9 0.0 0.0 Nov 16,846 4 18
Dec 284.4 0.0 0.0 Dec 17,207 0 0

Total - 118 53

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 225.1 0.0 0.0 Jan 250,184 -106 -101
Feb 225.0 0.0 0.0 Feb 249,526 -310 -117
Mar 224.1 0.0 0.0 Mar 238,896 -278 -382
Apr 223.8 -0.1 -0.1 Apr 235,517 -661 -1,711
May 223.1 0.0 -0.1 May 228,298 -64 -704
Jun 224.5 0.0 -0.1 Jun 243,169 -492 -906
Jul 225.2 0.0 0.0 Jul 251,001 -207 -164
Aug 225.5 0.0 0.0 Aug 254,464 -38 -15
Sep 225.4 0.0 0.0 Sep 253,578 35 -1
Oct 225.5 0.0 0.0 Oct 254,495 -31 -8
Nov 225.3 0.0 0.0 Nov 252,835 3 86
Dec 225.4 0.0 0.0 Dec 254,227 -13 -1

Total - -2,163 -4,024

Average Storage 
(acre-feet)

Base (1929-
2010)

Alt6 UC2050 
2012

Alt7 UC2050 
2012

Jan 1,968,487 -574 -5,311
Feb 2,003,167 -580 -4,811
Mar 2,024,408 -57 -3,480
Apr 2,067,226 -318 -2,950
May 2,046,608 -1,417 -3,852
Jun 2,054,618 -2,384 -4,911
Jul 2,015,359 -2,131 -5,133
Aug 2,009,072 -1,904 -5,893
Sep 1,958,448 -1,846 -7,072
Oct 1,958,552 -1,915 -7,831
Nov 1,953,340 -1,861 -8,369
Dec 2,009,317 -1,310 -7,445

Total - -16,297 -67,059

Month

Total System Difference (acre-feet) 
from BASE (1929-2010)

Month

Rocky Creek - Cedar Creek 
Difference (feet) from BASE 

Month

Rocky Creek - Cedar Creek 
Difference (acre-feet) from BASE 

Month

Wateree Difference (feet) from 
BASE (Drought 1 (1999-2003))

Month

Wateree Difference (acre-feet) from 
BASE (Drought 1 (1999-2003))

Month

Great Falls - Dearborn Difference 
(feet) from BASE (Drought 1 (1999-

Month

Great Falls - Dearborn Difference 
(acre-feet) from BASE (Drought 1 
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Reservoir 

Catawba-Wateree Reservoirs - Average Storage Comparison 
for years 1999-2003 

BLY 2012

Alt6 UC2050 2012

Alt7 UC2050 2012
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Alternative 

Bridgewater - Average Storage Comparison 
for years 1999-2003 

Bridgewater
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Alternative 

Rhodhiss - Average Storage Comparison 
for years 1999-2003 
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Alternative 

Oxford - Average Storage Comparison 
for years 1999-2003 

Oxford
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Alternative 

Lookout Shoals - Average Storage Comparison 
for years 1999-2003 

Lookout Shoals
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Alternative 

Cowans Ford - Average Storage Comparison 
for years 1999-2003 

Cowans Ford
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Alternative 

Mountain Island - Average Storage Comparison 
for years 1999-2003 

Mountain Island
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Alternative 

Wylie - Average Storage Comparison 
for years 1999-2003 

Wylie
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Alternative 

Fishing Creek - Average Storage Comparison 
for years 1999-2003 

Fishing Creek
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Alternative 

Great Falls - Average Storage Comparison 
for years 1999-2003 
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Alternative 

Rocky Creek - Average Storage Comparison 
for years 1999-2003 
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Alternative 

Wateree - Average Storage Comparison 
for years 1999-2003 
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Alternative 

Total System - Average Storage Comparison 
for years 1999-2003 
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G-3 
Storage Comparisons 

2012 Basin-Wide Water 
Demand with Union County 
2050 YRWSP Demand 
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Annual Averages

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Bridgewater 1196.9 1196.9 1196.9 Bridgewater 261,398 261,342 261,351
Rhodhiss 993.6 993.6 993.6 Rhodhiss 42,043 42,044 41,984

Oxford 933.5 933.5 933.5 Oxford 120,545 120,573 120,540
Lookout Shoals 836.8 836.8 836.8 Lookout Shoals 23,627 23,641 23,622
Cowans Ford 757.6 757.6 757.6 Cowans Ford 992,182 991,812 990,311

Mountain Island 645.8 645.8 645.8 Mountain Island 54,861 54,850 54,842
Wylie 567.3 567.3 567.3 Wylie 209,536 209,536 209,105

Fishing Creek 416.9 416.9 416.9 Fishing Creek 34,355 34,359 34,358
Great Falls - Dearborn 355.5 355.5 355.5 Great Falls - Dearborn 4,788 4,789 4,784

Rocky Creek - Cedar Creek 284.1 284.1 284.1 Rocky Creek - Cedar Creek 16,953 16,958 16,953
Wateree 224.6 224.6 224.6 Wateree 245,223 244,244 244,601

Total 2,005,510 2,004,149 2,002,451

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Bridgewater 1196.9 0.0 0.0 Bridgewater 261,398 -56 -47
Rhodhiss 993.6 0.0 0.0 Rhodhiss 42,043 2 -59

Oxford 933.5 0.0 0.0 Oxford 120,545 28 -5
Lookout Shoals 836.8 0.0 0.0 Lookout Shoals 23,627 14 -5
Cowans Ford 757.6 0.0 0.0 Cowans Ford 992,182 -370 -1,871

Mountain Island 645.8 0.0 0.0 Mountain Island 54,861 -10 -18
Wylie 567.3 0.0 0.0 Wylie 209,536 0 -431

Fishing Creek 416.9 0.0 0.0 Fishing Creek 34,355 4 3
Great Falls - Dearborn 355.5 0.0 0.0 Great Falls - Dearborn 4,788 1 -4

Rocky Creek - Cedar Creek 284.1 0.0 0.0 Rocky Creek - Cedar Creek 16,953 5 0
Wateree 224.6 0.0 0.0 Wateree 245,223 -979 -622

Total 2,005,510 -1,361 -3,059

Average 
Elevation (feet)

Average Storage 
(million gallons)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Bridgewater 1196.9 0 0 Bridgewater 85,177 -18 -15
Rhodhiss 993.6 0 0 Rhodhiss 13,700 1 -19

Oxford 933.5 0 0 Oxford 39,280 9 -1
Lookout Shoals 836.8 0 0 Lookout Shoals 7,699 4 -2
Cowans Ford 757.6 0 0 Cowans Ford 323,304 -121 -610

Mountain Island 645.8 0 0 Mountain Island 17,876 -3 -6
Wylie 567.3 0 0 Wylie 68,277 0 -140

Fishing Creek 416.9 0 0 Fishing Creek 11,195 1 1
Great Falls - Dearborn 355.5 0 0 Great Falls - Dearborn 1,560 0 -1

Rocky Creek - Cedar Creek 284.1 0 0 Rocky Creek - Cedar Creek 5,524 2 0
Wateree 224.6 0 0 Wateree 79,906 -319 -203

Total 653,498 -443 -997

Reservoir

Difference (in) from BASE (Drought 
2 (2006-2009))

Reservoir

Difference (million gallons) from 
BASE (Drought 2 (2006-2009))

Reservoir

Drought 2 (2006-2009) Average Elevation (feet)

Reservoir

Drought 2 (2006-2009) Average Storage (acre-feet)

Reservoir

Difference (feet) from BASE 
(Drought 2 (2006-2009))

Reservoir

Difference (acre-feet) from BASE 
(Drought 2 (2006-2009))



Plant‐specific Tables

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 1195.5 0.0 0.0 Jan 253,238 0 -25
Feb 1195.6 -0.1 0.0 Feb 253,699 -413 -281
Mar 1196.7 -0.1 -0.1 Mar 259,988 -383 -326
Apr 1196.6 0.0 0.0 Apr 259,420 -3 15
May 1197.8 0.0 0.0 May 266,238 45 22
Jun 1198.0 0.0 0.0 Jun 267,632 18 12
Jul 1197.8 0.0 0.0 Jul 266,514 31 5
Aug 1197.4 0.0 0.0 Aug 264,149 7 7
Sep 1197.6 0.0 0.0 Sep 265,538 0 0
Oct 1197.7 0.0 0.0 Oct 266,101 0 -6
Nov 1196.6 0.0 0.0 Nov 259,567 0 0
Dec 1195.7 0.0 0.0 Dec 254,384 0 -6

Total - -698 -582

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 993.9 0.0 0.0 Jan 42,537 0 0
Feb 993.7 0.0 0.0 Feb 42,035 -1 6
Mar 993.7 0.0 0.0 Mar 42,121 -25 -2
Apr 994.2 0.0 0.0 Apr 43,006 70 13
May 994.3 0.0 0.0 May 43,168 -39 -30
Jun 994.9 0.0 -0.2 Jun 44,232 -43 -380
Jul 994.2 0.0 -0.2 Jul 43,035 59 -280
Aug 993.3 0.0 0.0 Aug 41,619 0 0
Sep 993.2 0.0 0.0 Sep 41,340 -1 -2
Oct 993.2 0.0 0.0 Oct 41,435 0 -4
Nov 992.6 0.0 0.0 Nov 40,397 0 -24
Dec 992.2 0.0 0.0 Dec 39,614 0 -2

Total - 20 -705

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 933.2 0.0 0.0 Jan 119,167 0 -10
Feb 933.2 0.0 0.0 Feb 119,382 -13 0
Mar 933.6 0.0 0.0 Mar 120,778 -26 -15
Apr 933.9 0.0 0.0 Apr 122,181 -14 -2
May 934.2 0.0 0.0 May 123,378 -40 -18
Jun 934.1 0.0 0.1 Jun 123,049 152 242
Jul 934.1 0.1 -0.1 Jul 122,681 243 -213
Aug 933.5 0.0 0.0 Aug 120,674 28 -17
Sep 933.5 0.0 0.0 Sep 120,666 3 3
Oct 933.5 0.0 0.0 Oct 120,723 0 -7
Nov 932.9 0.0 0.0 Nov 118,102 0 -1
Dec 932.3 0.0 0.0 Dec 115,701 0 -8

Total - 333 -46

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 836.9 0.0 0.0 Jan 23,642 0 -1
Feb 836.7 0.0 0.0 Feb 23,472 28 3
Mar 836.7 0.0 0.0 Mar 23,531 -39 -14
Apr 837.3 0.0 0.0 Apr 24,007 -9 -1
May 837.6 0.2 0.1 May 24,262 173 89
Jun 838.1 0.0 0.0 Jun 24,716 -28 0
Jul 838.1 0.0 0.0 Jul 24,699 0 -4
Aug 836.6 0.0 -0.1 Aug 23,469 36 -89
Sep 836.2 0.0 -0.1 Sep 23,150 0 -36
Oct 836.2 0.0 0.0 Oct 23,176 0 0
Nov 835.9 0.0 0.0 Nov 22,869 0 -11
Dec 835.5 0.0 0.0 Dec 22,523 0 0

Total - 161 -64

Month

Lookout Shoals Difference (feet) 
from BASE (Drought 2 (2006-2009))

Month

Lookout Shoals Difference (acre-
feet) from BASE (Drought 2 (2006-

2009))

Month

Rhodhiss Difference (feet) from 
BASE (Drought 2 (2006-2009))

Month

Rhodhiss Difference (acre-feet) 
from BASE (Drought 2 (2006-2009))

Month

Oxford Difference (feet) from BASE 
(Drought 2 (2006-2009))

Month

Oxford Difference (acre-feet) from 
BASE (Drought 2 (2006-2009))

Month

Bridgewater Difference (feet) from 
BASE (Drought 2 (2006-2009))

Month

Bridgewater Difference (acre-feet) 
from BASE (Drought 2 (2006-2009))



Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 755.5 0.0 -0.1 Jan 926,544 -382 -2,256
Feb 755.5 0.0 -0.1 Feb 926,997 30 -1,902
Mar 756.8 0.0 -0.1 Mar 964,908 -348 -2,129
Apr 758.0 0.0 -0.1 Apr 1,003,937 -563 -2,171
May 758.9 0.0 -0.1 May 1,029,652 -961 -2,334
Jun 758.9 0.0 0.0 Jun 1,032,328 -812 -1,551
Jul 759.0 0.0 0.0 Jul 1,034,171 -808 -1,521
Aug 758.8 0.0 -0.1 Aug 1,027,257 -277 -1,993
Sep 758.5 0.0 0.0 Sep 1,020,213 -70 -1,282
Oct 758.2 0.0 -0.1 Oct 1,012,036 -70 -1,541
Nov 757.3 0.0 -0.1 Nov 981,547 -70 -1,751
Dec 756.1 0.0 -0.1 Dec 943,807 -70 -1,968

Total - -4,401 -22,401

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 645.5 0.0 0.0 Jan 54,018 -17 -81
Feb 645.5 0.0 0.0 Feb 53,960 -76 -26
Mar 645.6 0.0 0.0 Mar 54,340 -110 -29
Apr 645.8 0.0 0.0 Apr 55,017 -30 -86
May 646.2 0.0 0.0 May 56,003 95 42
Jun 646.2 0.0 0.0 Jun 55,954 6 -49
Jul 646.1 0.0 0.0 Jul 55,844 2 -6
Aug 646.1 0.0 0.0 Aug 55,808 0 5
Sep 646.1 0.0 0.0 Sep 55,813 0 7
Oct 646.1 0.0 0.0 Oct 55,795 0 7
Nov 645.3 0.0 0.0 Nov 53,635 0 -21
Dec 644.7 0.0 0.0 Dec 52,081 0 12

Total - -129 -224

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 566.6 0.0 0.0 Jan 203,051 -4 219
Feb 566.7 0.0 0.0 Feb 202,882 19 -239
Mar 567.7 0.0 0.0 Mar 213,198 -35 -379
Apr 568.1 0.0 0.0 Apr 216,748 -72 -124
May 568.4 0.0 -0.1 May 219,875 94 -479
Jun 567.5 0.0 -0.1 Jun 211,810 144 -874
Jul 567.0 0.0 -0.1 Jul 206,626 -90 -1,527
Aug 567.0 0.0 -0.1 Aug 206,847 -65 -1,524
Sep 567.5 0.0 0.0 Sep 211,871 0 -88
Oct 567.5 0.0 0.0 Oct 212,407 0 -32
Nov 567.0 0.0 0.0 Nov 207,199 27 -38
Dec 566.5 0.00 0.00 Dec 201,863 -11 -37

Total - 9 -5,123

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 416.6 0.0 0.0 Jan 33,714 -53 86
Feb 416.2 0.0 -0.1 Feb 32,419 83 -129
Mar 416.0 0.0 0.0 Mar 31,987 6 45
Apr 416.7 0.0 0.0 Apr 33,890 9 -19
May 417.2 0.0 0.0 May 35,272 -9 -4
Jun 417.2 0.0 0.0 Jun 35,351 -1 -1
Jul 417.2 0.0 0.0 Jul 35,352 0 0
Aug 417.2 0.0 0.0 Aug 35,351 -1 -1
Sep 417.2 0.0 0.0 Sep 35,351 -1 0
Oct 417.2 0.0 0.0 Oct 35,346 -1 0
Nov 416.9 0.0 0.0 Nov 34,521 24 8
Dec 416.6 0.0 0.0 Dec 33,574 4 33

Total - 59 18

Month

Fishing Creek Difference (feet) from 
BASE (Drought 2 (2006-2009))

Month

Fishing Creek Difference (acre-feet) 
from BASE (Drought 2 (2006-2009))

Month

Mountain Island Difference (feet) 
from BASE (Drought 2 (2006-2009))

Month

Mountain Island Difference (acre-
feet) from BASE (Drought 2 (2006-

2009))

Month

Wylie Difference (feet) from BASE 
(Drought 2 (2006-2009))

Month

Wylie Difference (acre-feet) from 
BASE (Drought 2 (2006-2009))

Month

Cowans Ford Difference (feet) from 
BASE (Drought 2 (2006-2009))

Month

Cowans Ford Difference (acre-feet) 
from BASE (Drought 2 (2006-2009))



Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 355.4 0.0 0.0 Jan 4,736 18 6
Feb 355.2 0.0 -0.1 Feb 4,667 -15 -48
Mar 354.9 0.0 0.0 Mar 4,554 8 -3
Apr 355.0 0.0 0.0 Apr 4,609 9 1
May 355.5 -0.1 0.0 May 4,797 -18 -7
Jun 355.7 0.0 0.0 Jun 4,888 -3 -1
Jul 355.7 0.0 0.0 Jul 4,889 0 0
Aug 355.7 0.0 0.0 Aug 4,889 -1 0
Sep 355.7 0.0 0.0 Sep 4,891 -1 0
Oct 355.8 0.0 0.0 Oct 4,904 0 0
Nov 355.6 0.0 0.0 Nov 4,819 17 1
Dec 355.5 0.0 0.0 Dec 4,801 2 -3

Total - 15 -55

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 283.6 0.1 0.0 Jan 16,642 48 -28
Feb 283.5 0.0 0.0 Feb 16,537 1 -9
Mar 283.5 0.0 0.0 Mar 16,559 12 16
Apr 283.9 0.0 0.0 Apr 16,869 -3 0
May 284.4 0.0 0.0 May 17,177 0 0
Jun 284.4 0.0 0.0 Jun 17,210 0 0
Jul 284.4 0.0 0.0 Jul 17,210 0 0
Aug 284.4 0.0 0.0 Aug 17,210 0 0
Sep 284.4 0.0 0.0 Sep 17,210 0 0
Oct 284.4 0.0 0.0 Oct 17,210 0 0
Nov 284.0 0.0 0.0 Nov 16,899 1 -8
Dec 283.7 0.0 0.0 Dec 16,672 3 29

Total - 62 0

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2012 Alt6 UC2050 
2012

Alt7 UC2050 
2012 BLY 2012 Alt6 UC2050 

2012
Alt7 UC2050 

2012

Jan 225.0 -0.1 0.0 Jan 249,740 -1,275 -436
Feb 224.9 0.0 0.0 Feb 247,557 -174 77
Mar 224.4 0.1 0.1 Mar 242,850 612 547
Apr 223.9 0.0 0.0 Apr 236,492 461 -38
May 223.1 0.0 0.0 May 228,462 50 -335
Jun 224.0 -0.1 -0.1 Jun 238,246 -843 -665
Jul 225.0 -0.1 -0.1 Jul 249,732 -659 -737
Aug 225.2 -0.1 -0.1 Aug 251,135 -1,153 -905
Sep 225.2 -0.1 -0.1 Sep 251,345 -1,605 -1,063
Oct 225.1 -0.2 -0.1 Oct 250,834 -2,024 -1,203
Nov 225.0 -0.2 -0.1 Nov 249,488 -2,466 -1,302
Dec 224.8 -0.2 -0.1 Dec 246,849 -2,613 -1,353

Total - -11,690 -7,412

Average Storage 
(acre-feet)

Base (1929-
2010)

Alt6 UC2050 
2012

Alt7 UC2050 
2012

Jan 1,927,029 -1,666 -2,526
Feb 1,923,607 -531 -2,547
Mar 1,974,815 -327 -2,289
Apr 2,016,175 -145 -2,411
May 2,048,283 -611 -3,054
Jun 2,055,417 -1,410 -3,267
Jul 2,060,753 -1,223 -4,283
Aug 2,048,407 -1,426 -4,517
Sep 2,047,389 -1,673 -2,462
Oct 2,039,968 -2,095 -2,787
Nov 1,989,043 -2,466 -3,147
Dec 1,931,867 -2,685 -3,304

Total - -16,259 -36,594

Month

Total System Difference (acre-feet) 
from BASE (1929-2010)

Month

Rocky Creek - Cedar Creek 
Difference (feet) from BASE 

(Drought 2 (2006-2009)) Month

Rocky Creek - Cedar Creek 
Difference (acre-feet) from BASE 

(Drought 2 (2006-2009))

Month

Wateree Difference (feet) from 
BASE (Drought 2 (2006-2009))

Month

Wateree Difference (acre-feet) from 
BASE (Drought 2 (2006-2009))

Month

Great Falls - Dearborn Difference 
(feet) from BASE (Drought 2 (2006-

2009)) Month

Great Falls - Dearborn Difference 
(acre-feet) from BASE (Drought 2 

(2006-2009))
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Reservoir 

Catawba-Wateree Reservoirs - Average Storage Comparison 
for years 2006-2009 

BLY 2012

Alt6 UC2050 2012

Alt7 UC2050 2012
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Alternative 

Bridgewater - Average Storage Comparison 
for years 2006-2009 

Bridgewater
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Alternative 

Rhodhiss - Average Storage Comparison 
for years 2006-2009 

Rhodhiss
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Alternative 

Oxford - Average Storage Comparison 
for years 2006-2009 
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Alternative 

Lookout Shoals - Average Storage Comparison 
for years 2006-2009 

Lookout Shoals
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Alternative 

Cowans Ford - Average Storage Comparison 
for years 2006-2009 

Cowans Ford
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Alternative 

Mountain Island - Average Storage Comparison 
for years 2006-2009 

Mountain Island
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Alternative 

Wylie - Average Storage Comparison 
for years 2006-2009 

Wylie
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Alternative 

Fishing Creek - Average Storage Comparison 
for years 2006-2009 

Fishing Creek
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Alternative 

Great Falls - Average Storage Comparison 
for years 2006-2009 

Great Falls - Dearborn
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Alternative 

Rocky Creek - Average Storage Comparison 
for years 2006-2009 

Rocky Creek - Cedar Creek
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Alternative 

Wateree - Average Storage Comparison 
for years 2006-2009 

Wateree
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Alternative 

Total System - Average Storage Comparison 
for years 2006-2009 
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G-4 
Storage Comparisons 

2050 Basin-Wide Water 
Demand 

Period of Record 

 

 
 

  

 

 



Annual Averages

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Bridgewater 1196.5 1196.5 1196.5 Bridgewater 258,769 258,717 258,874
Rhodhiss 993.3 993.3 993.3 Rhodhiss 41,395 41,386 41,421

Oxford 933.1 933.1 933.1 Oxford 118,851 118,824 118,902
Lookout Shoals 836.6 836.6 836.6 Lookout Shoals 23,414 23,406 23,413
Cowans Ford 757.7 757.7 757.7 Cowans Ford 992,656 992,449 993,531

Mountain Island 644.7 644.7 644.7 Mountain Island 52,011 52,031 52,012
Wylie 566.9 566.9 566.8 Wylie 204,872 204,793 204,665

Fishing Creek 416.2 416.2 416.2 Fishing Creek 32,387 32,380 32,423
Great Falls - Dearborn 355.0 355.0 355.1 Great Falls - Dearborn 4,612 4,610 4,616

Rocky Creek - Cedar Creek 283.4 283.4 283.4 Rocky Creek - Cedar Creek 16,472 16,471 16,481
Wateree 224.8 224.8 224.8 Wateree 246,892 246,771 247,288

Total 1,992,331 1,991,838 1,993,628

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Bridgewater 1196.5 0.0 0.0 Bridgewater 258,769 -52 105
Rhodhiss 993.3 0.0 0.0 Rhodhiss 41,395 -9 27

Oxford 933.1 0.0 0.0 Oxford 118,851 -27 51
Lookout Shoals 836.6 0.0 0.0 Lookout Shoals 23,414 -9 -1
Cowans Ford 757.7 0.0 0.0 Cowans Ford 992,656 -207 875

Mountain Island 644.7 0.0 0.0 Mountain Island 52,011 19 1
Wylie 566.9 0.0 -0.1 Wylie 204,872 -79 -207

Fishing Creek 416.2 0.0 0.0 Fishing Creek 32,387 -7 36
Great Falls - Dearborn 355.0 0.0 0.1 Great Falls - Dearborn 4,612 -1 4

Rocky Creek - Cedar Creek 283.4 0.0 0.0 Rocky Creek - Cedar Creek 16,472 -1 9
Wateree 224.8 0.0 0.0 Wateree 246,892 -121 397

Total 1,992,331 -493 1,296

Average 
Elevation (feet)

Average Storage 
(million gallons)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Bridgewater 1196.5 0 0 Bridgewater 84,320 -17 34
Rhodhiss 993.3 0 0 Rhodhiss 13,489 -3 9

Oxford 933.1 0 0 Oxford 38,728 -9 17
Lookout Shoals 836.6 0 0 Lookout Shoals 7,630 -3 0
Cowans Ford 757.7 0 0 Cowans Ford 323,458 -67 285

Mountain Island 644.7 0 0 Mountain Island 16,948 6 0
Wylie 566.9 0 -1 Wylie 66,758 -26 -67

Fishing Creek 416.2 0 0 Fishing Creek 10,553 -2 12
Great Falls - Dearborn 355.0 0 1 Great Falls - Dearborn 1,503 0 1

Rocky Creek - Cedar Creek 283.4 0 0 Rocky Creek - Cedar Creek 5,367 0 3
Wateree 224.8 0 0 Wateree 80,450 -39 129

Total 649,204 -161 422

Reservoir

Average Elevation (feet)

Reservoir

Average Storage (acre-feet)

Reservoir

Difference (feet) from BASE (1929-
2010)

Reservoir

Difference (acre-feet) from BASE 
(1929-2010)

Reservoir

Difference (in) from BASE (1929-
2010)

Reservoir

Difference (million gallons) from 
BASE (1929-2010)



Plant‐specific Tables

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 1196.0 0.0 0.0 Jan 255,933 -61 -166
Feb 1195.9 0.0 0.0 Feb 255,412 -39 -47
Mar 1195.9 0.0 0.1 Mar 255,058 -89 404
Apr 1196.7 0.0 0.1 Apr 259,636 -38 613
May 1197.1 0.0 0.1 May 262,317 -81 619
Jun 1197.3 0.0 0.0 Jun 263,360 -41 218
Jul 1196.9 0.0 0.0 Jul 260,867 -44 -124
Aug 1197.0 0.0 0.0 Aug 261,915 -73 36
Sep 1197.0 0.0 0.0 Sep 261,830 -73 149
Oct 1196.5 0.0 0.0 Oct 258,576 -104 -72
Nov 1195.6 0.0 0.0 Nov 253,675 45 -161
Dec 1196.1 0.0 0.0 Dec 256,473 -24 -211

Total - -622 1,259

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 993.5 0.0 0.0 Jan 41,812 4 46
Feb 993.6 0.0 0.0 Feb 41,966 -2 -15
Mar 993.5 0.0 0.0 Mar 41,689 -9 40
Apr 993.7 0.0 0.1 Apr 42,167 -38 120
May 993.3 0.0 0.1 May 41,355 -3 103
Jun 993.6 0.0 0.0 Jun 41,988 13 36
Jul 992.8 0.0 0.0 Jul 40,569 -30 -17
Aug 993.1 0.0 0.0 Aug 41,130 -5 51
Sep 992.7 0.0 0.0 Sep 40,403 -22 36
Oct 992.9 0.0 0.0 Oct 40,806 -2 -76
Nov 993.1 0.0 0.0 Nov 41,139 -9 -11
Dec 993.5 0.0 0.0 Dec 41,762 -6 7

Total - -109 319

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 932.8 0.0 0.0 Jan 117,817 10 -9
Feb 933.2 0.0 0.0 Feb 119,201 -1 15
Mar 933.4 0.0 0.0 Mar 119,911 -19 107
Apr 933.6 0.0 0.0 Apr 120,873 -129 151
May 933.1 0.0 0.1 May 119,033 -107 318
Jun 933.5 0.0 0.0 Jun 120,471 -144 170
Jul 933.0 0.0 0.0 Jul 118,391 52 2
Aug 933.0 0.0 0.0 Aug 118,726 -13 -34
Sep 932.8 0.0 0.0 Sep 117,577 -36 -1
Oct 932.8 0.0 0.0 Oct 117,562 31 -125
Nov 933.0 0.0 0.0 Nov 118,405 20 -16
Dec 933.0 0.0 0.0 Dec 118,336 10 33

Total - -324 613

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 836.8 0.0 -0.1 Jan 23,615 -4 -46
Feb 836.8 0.0 0.0 Feb 23,612 1 5
Mar 836.9 0.0 0.0 Mar 23,645 1 24
Apr 837.1 0.0 0.0 Apr 23,827 -27 1
May 836.6 0.0 0.1 May 23,386 13 61
Jun 836.8 0.0 0.0 Jun 23,617 -3 28
Jul 836.4 0.0 0.0 Jul 23,283 0 -1
Aug 836.5 -0.1 0.0 Aug 23,380 -57 -26
Sep 836.1 0.0 0.0 Sep 23,001 -10 9
Oct 836.1 0.0 0.0 Oct 23,028 -12 -17
Nov 836.3 0.0 0.0 Nov 23,202 -7 -30
Dec 836.6 0.0 0.0 Dec 23,394 -2 -23

Total - -106 -16

Month

Bridgewater Difference (feet) from 
BASE (1929-2010)

Month

Bridgewater Difference (acre-feet) 
from BASE (1929-2010)

Month

Rhodhiss Difference (feet) from 
BASE (1929-2010)

Month

Rhodhiss Difference (acre-feet) 
from BASE (1929-2010)

Month

Oxford Difference (feet) from BASE 
(1929-2010)

Month

Oxford Difference (acre-feet) from 
BASE (1929-2010)

Month

Lookout Shoals Difference (feet) 
from BASE (1929-2010)

Month

Lookout Shoals Difference (acre-
feet) from BASE (1929-2010)



Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 756.5 0.0 0.0 Jan 956,887 -119 594
Feb 756.1 0.0 0.0 Feb 943,137 -125 211
Mar 756.9 0.0 0.0 Mar 969,327 -49 368
Apr 758.0 0.0 0.0 Apr 1,003,547 -251 1,408
May 758.5 0.0 0.1 May 1,017,143 -234 1,933
Jun 758.6 0.0 0.1 Jun 1,021,970 -212 1,940
Jul 758.5 0.0 0.0 Jul 1,018,111 -519 1,445
Aug 758.5 0.0 0.0 Aug 1,019,590 -610 723
Sep 758.4 0.0 0.0 Sep 1,014,201 -79 701
Oct 757.9 0.0 0.0 Oct 999,156 -46 160
Nov 757.1 0.0 0.0 Nov 975,571 -78 475
Dec 757.0 0.0 0.0 Dec 970,363 -141 510

Total - -2,463 10,467

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 645.2 0.0 0.0 Jan 53,176 -7 -38
Feb 644.9 0.0 0.0 Feb 52,609 20 -81
Mar 644.7 0.0 0.0 Mar 52,028 61 16
Apr 644.7 0.0 0.0 Apr 52,006 -5 57
May 644.7 0.0 0.0 May 51,950 -43 27
Jun 644.6 0.0 0.1 Jun 51,616 30 152
Jul 644.5 0.1 0.1 Jul 51,560 166 281
Aug 644.5 0.0 0.0 Aug 51,449 20 16
Sep 644.7 0.0 0.0 Sep 51,941 -21 -10
Oct 644.7 0.0 0.0 Oct 51,942 -21 -123
Nov 644.6 0.0 0.0 Nov 51,839 9 -138
Dec 644.7 0.0 -0.1 Dec 52,052 18 -153

Total - 228 6

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 567.2 0.0 0.0 Jan 208,033 -38 16
Feb 567.5 0.0 0.0 Feb 211,152 58 -85
Mar 567.5 0.0 0.0 Mar 210,741 44 166
Apr 567.8 0.0 0.0 Apr 213,769 -102 -225
May 567.4 0.0 -0.1 May 209,748 -170 -666
Jun 566.9 0.0 -0.1 Jun 205,206 -258 -547
Jul 566.2 0.0 0.0 Jul 198,771 -246 -247
Aug 566.3 0.0 0.0 Aug 199,252 54 214
Sep 566.1 0.0 0.0 Sep 197,095 -97 27
Oct 566.3 0.0 0.0 Oct 199,072 -211 -501
Nov 566.5 0.0 -0.1 Nov 200,897 14 -469
Dec 566.9 0.0 0.0 Dec 205,207 13 -164

Total - -938 -2,482

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 416.3 0.0 0.0 Jan 32,697 5 -53
Feb 416.2 0.0 0.0 Feb 32,574 -14 -7
Mar 416.1 0.0 0.0 Mar 32,230 2 51
Apr 416.3 0.0 0.0 Apr 32,669 -52 58
May 416.1 0.0 0.0 May 32,144 -43 81
Jun 416.2 0.0 0.0 Jun 32,550 93 87
Jul 416.0 0.0 0.0 Jul 31,956 18 72
Aug 416.3 0.0 0.0 Aug 32,861 -33 67
Sep 416.1 0.0 0.0 Sep 32,271 -35 62
Oct 416.1 0.0 0.0 Oct 32,146 1 27
Nov 416.1 0.0 0.0 Nov 32,298 -21 -7
Dec 416.1 0.0 0.0 Dec 32,278 -4 -11

Total - -84 427

Month

Cowans Ford Difference (feet) from 
BASE (1929-2010)

Month

Cowans Ford Difference (acre-feet) 
from BASE (1929-2010)

Month

Mountain Island Difference (feet) 
from BASE (1929-2010)

Month

Mountain Island Difference (acre-
feet) from BASE (1929-2010)

Month

Wylie Difference (feet) from BASE 
(1929-2010)

Month

Wylie Difference (acre-feet) from 
BASE (1929-2010)

Month

Fishing Creek Difference (feet) from 
BASE (1929-2010)

Month

Fishing Creek Difference (acre-feet) 
from BASE (1929-2010)



Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 355.2 0.0 0.0 Jan 4,674 1 -7
Feb 355.1 0.0 0.0 Feb 4,641 9 -11
Mar 354.9 0.0 0.0 Mar 4,581 -9 3
Apr 355.0 0.0 0.0 Apr 4,607 3 15
May 355.0 0.0 0.0 May 4,590 -11 7
Jun 355.1 0.0 0.0 Jun 4,635 7 10
Jul 354.9 0.0 0.0 Jul 4,556 3 8
Aug 355.1 0.0 0.0 Aug 4,640 -10 8
Sep 354.9 0.0 0.0 Sep 4,571 -8 9
Oct 355.0 0.0 0.0 Oct 4,599 -13 -2
Nov 355.0 0.0 0.0 Nov 4,590 7 4
Dec 355.2 0.0 0.0 Dec 4,659 6 4

Total - -16 48

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 283.4 0.0 0.0 Jan 16,483 -1 -1
Feb 283.4 0.0 0.0 Feb 16,486 -1 -4
Mar 283.3 0.0 0.0 Mar 16,372 -6 17
Apr 283.5 0.0 0.0 Apr 16,546 -5 13
May 283.3 0.0 0.0 May 16,404 -2 16
Jun 283.5 0.0 0.0 Jun 16,562 13 12
Jul 283.3 0.0 0.0 Jul 16,406 -2 18
Aug 283.6 0.0 0.0 Aug 16,627 0 15
Sep 283.4 0.0 0.0 Sep 16,463 3 22
Oct 283.3 0.0 0.0 Oct 16,424 -4 4
Nov 283.3 0.0 0.0 Nov 16,427 1 0
Dec 283.4 0.0 0.0 Dec 16,465 -1 -3

Total - -6 110

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 224.8 0.0 0.0 Jan 247,180 -95 33
Feb 225.0 0.0 0.0 Feb 248,850 -153 15
Mar 224.7 0.0 0.1 Mar 245,481 -38 610
Apr 224.3 0.0 0.1 Apr 241,229 141 1,077
May 224.1 0.0 0.1 May 238,748 -121 888
Jun 224.8 0.0 0.1 Jun 246,900 -249 608
Jul 225.0 0.0 0.1 Jul 249,274 -164 638
Aug 225.1 0.0 0.0 Aug 250,508 -121 579
Sep 225.1 0.0 0.0 Sep 250,060 -198 287
Oct 225.1 0.0 0.0 Oct 249,985 -147 -4
Nov 224.9 0.0 0.0 Nov 248,255 -180 -24
Dec 224.8 0.0 0.0 Dec 246,374 -127 28

Total - -1,452 4,735

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050

Jan 1,958,307 -305 368
Feb 1,949,640 -247 -5
Mar 1,971,064 -110 1,806
Apr 2,010,875 -504 3,287
May 2,016,820 -802 3,387
Jun 2,028,874 -750 2,712
Jul 2,013,745 -767 2,075
Aug 2,020,077 -850 1,649
Sep 2,009,413 -575 1,291
Oct 1,993,296 -528 -728
Nov 1,966,297 -197 -376
Dec 1,967,363 -257 18

Total - -5,892 15,485

Month

Great Falls - Dearborn Difference 
(feet) from BASE (1929-2010)

Month

Great Falls - Dearborn Difference 
(acre-feet) from BASE (1929-2010)

Month

Total System Difference (acre-feet) 
from BASE (1929-2010)

Month

Rocky Creek - Cedar Creek 
Difference (feet) from BASE (1929-

2010) Month

Rocky Creek - Cedar Creek 
Difference (acre-feet) from BASE 

(1929-2010)

Month

Wateree Difference (feet) from 
BASE (1929-2010)

Month

Wateree Difference (acre-feet) from 
BASE (1929-2010)
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Reservoir 

Catawba-Wateree Reservoirs - Average Storage Comparison 
for years 1929-2010 

BLY 2050

Alt6 2050

Alt7 2050
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Alternative 

Bridgewater - Average Storage Comparison 
for years 1929 to 2010 

Bridgewater
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Alternative 

Rhodhiss - Average Storage Comparison 
for years 1929 to 2010 
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Alternative 

Oxford - Average Storage Comparison 
for years 1929 to 2010 

Oxford
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Alternative 

Lookout Shoals - Average Storage Comparison 
for years 1929 to 2010 

Lookout Shoals
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Alternative 

Cowans Ford - Average Storage Comparison 
for years 1929 to 2010 

Cowans Ford
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Alternative 

Mountain Island - Average Storage Comparison 
for years 1929 to 2010 

Mountain Island
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Alternative 

Wylie - Average Storage Comparison 
for years 1929 to 2010 

Wylie
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Alternative 

Fishing Creek - Average Storage Comparison 
for years 1929 to 2010 
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Alternative 

Great Falls - Average Storage Comparison 
for years 1929 to 2010 

Great Falls - Dearborn
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Alternative 

Rocky Creek - Average Storage Comparison 
for years 1929 to 2010 

Rocky Creek - Cedar Creek
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Alternative 

Wateree - Average Storage Comparison 
for years 1929 to 2010 

Wateree
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Alternative 

Total System - Average Storage Comparison 
for years 1929 to 2010 

Total
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Total System - Difference in Average Monthly Storage from Base (2050) 
for years 1929 to 2010 

Alt6 2050

Alt7 2050



  

  

G-5 
2050 Basin-Wide Water 
Demand 

 

Drought 1 (1999-2003) 

 

 
 

  

 

 



Annual Averages

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Bridgewater 1195.2 1195.1 1195.4 Bridgewater 251,161 250,839 252,611
Rhodhiss 992.9 992.9 993.1 Rhodhiss 40,853 40,789 41,066

Oxford 932.8 932.7 932.9 Oxford 117,745 117,332 118,087
Lookout Shoals 836.3 836.1 836.2 Lookout Shoals 23,186 23,019 23,128
Cowans Ford 757.0 757.0 757.5 Cowans Ford 971,844 971,696 985,506

Mountain Island 643.3 643.3 643.3 Mountain Island 48,366 48,329 48,383
Wylie 565.7 565.7 565.6 Wylie 193,803 193,731 192,142

Fishing Creek 417.0 417.0 417.0 Fishing Creek 34,659 34,659 34,698
Great Falls - Dearborn 355.5 355.5 355.5 Great Falls - Dearborn 4,789 4,785 4,799

Rocky Creek - Cedar Creek 284.2 284.2 284.2 Rocky Creek - Cedar Creek 17,049 17,040 17,046
Wateree 224.5 224.5 224.9 Wateree 243,658 243,152 248,570

Total 1,947,114 1,945,372 1,966,037

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Bridgewater 1195.2 -0.1 0.2 Bridgewater 251,161 -323 1,450
Rhodhiss 992.9 0.0 0.2 Rhodhiss 40,853 -64 213

Oxford 932.8 -0.1 0.1 Oxford 117,745 -413 341
Lookout Shoals 836.3 -0.2 -0.1 Lookout Shoals 23,186 -167 -58
Cowans Ford 757.0 0.0 0.5 Cowans Ford 971,844 -147 13,663

Mountain Island 643.3 0.0 0.0 Mountain Island 48,366 -36 17
Wylie 565.7 0.0 -0.1 Wylie 193,803 -72 -1,660

Fishing Creek 417.0 0.0 0.0 Fishing Creek 34,659 0 39
Great Falls - Dearborn 355.5 0.0 0.0 Great Falls - Dearborn 4,789 -5 9

Rocky Creek - Cedar Creek 284.2 0.0 0.0 Rocky Creek - Cedar Creek 17,049 -9 -3
Wateree 224.5 0.0 0.4 Wateree 243,658 -506 4,912

Total 1,947,114 -1,742 18,923

Average 
Elevation (feet)

Average Storage 
(million gallons)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Bridgewater 1195.2 -1 2 Bridgewater 81,841 -105 472
Rhodhiss 992.9 0 2 Rhodhiss 13,312 -21 69

Oxford 932.8 -1 1 Oxford 38,367 -135 111
Lookout Shoals 836.3 -2 -1 Lookout Shoals 7,555 -54 -19
Cowans Ford 757.0 0 6 Cowans Ford 316,677 -48 4,452

Mountain Island 643.3 0 0 Mountain Island 15,760 -12 6
Wylie 565.7 0 -1 Wylie 63,151 -23 -541

Fishing Creek 417.0 0 0 Fishing Creek 11,294 0 13
Great Falls - Dearborn 355.5 0 0 Great Falls - Dearborn 1,561 -2 3

Rocky Creek - Cedar Creek 284.2 0 0 Rocky Creek - Cedar Creek 5,556 -3 -1
Wateree 224.5 0 5 Wateree 79,396 -165 1,600

Total 634,470 -568 6,166

Reservoir

Drought 1 (1999-2003) Average Elevation (feet)

Reservoir

Drought 1 (1999-2003) Average Storage (acre-feet)

Reservoir

Difference (feet) from BASE 
(Drought 1 (1999-2003))

Reservoir

Difference (acre-feet) from BASE 
(Drought 1 (1999-2003))

Reservoir

Difference (in) from BASE (Drought 
1 (1999-2003))

Reservoir

Difference (million gallons) from 
BASE (Drought 1 (1999-2003))



Plant‐specific Tables

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 1194.3 0.0 -0.4 Jan 246,244 -7 -2,416
Feb 1194.8 0.0 0.3 Feb 249,240 -7 1,772
Mar 1194.7 0.0 0.9 Mar 248,602 -9 5,266
Apr 1196.3 0.0 1.3 Apr 257,730 91 7,505
May 1196.6 -0.2 1.1 May 259,271 -1,330 6,237
Jun 1196.4 -0.3 0.7 Jun 258,063 -1,496 4,074
Jul 1195.2 0.0 0.1 Jul 251,045 -75 566
Aug 1195.1 0.0 0.1 Aug 250,614 -23 552
Sep 1194.4 0.0 0.1 Sep 246,378 -48 290
Oct 1194.4 -0.1 0.1 Oct 246,397 -773 475
Nov 1194.2 0.0 -0.6 Nov 245,511 -174 -3,481
Dec 1195.8 0.0 -0.6 Dec 254,661 -2 -3,319

Total - -3,851 17,522

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 992.7 0.0 0.6 Jan 40,354 0 1,052
Feb 994.5 0.0 0.0 Feb 43,494 1 -8
Mar 994.0 0.0 0.0 Mar 42,636 -2 15
Apr 993.4 -0.1 0.9 Apr 41,685 -99 1,606
May 994.3 0.0 0.1 May 43,269 -39 241
Jun 994.7 -0.1 -0.1 Jun 43,863 -181 -265
Jul 992.8 -0.3 -0.2 Jul 40,633 -470 -365
Aug 990.9 0.0 0.1 Aug 37,439 0 149
Sep 990.0 0.0 0.1 Sep 35,700 -2 117
Oct 992.3 0.0 -0.3 Oct 39,740 18 -479
Nov 992.3 0.0 0.2 Nov 39,701 9 350
Dec 993.5 0.0 0.1 Dec 41,879 0 150

Total - -765 2,563

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 931.7 0.0 0.4 Jan 113,656 0 1,542
Feb 934.0 0.0 -0.1 Feb 122,330 2 -217
Mar 933.9 0.0 0.0 Mar 122,015 96 36
Apr 933.5 0.0 0.6 Apr 120,429 48 2,394
May 933.4 -0.1 0.8 May 120,157 -302 3,193
Jun 934.8 -0.5 0.1 Jun 125,729 -1,919 279
Jul 934.1 -0.6 -0.5 Jul 122,915 -2,478 -1,709
Aug 932.1 -0.1 -0.2 Aug 115,128 -261 -851
Sep 929.8 0.0 0.0 Sep 106,377 -3 -26
Oct 931.3 0.0 -0.4 Oct 111,964 11 -1,351
Nov 932.1 0.0 0.0 Nov 115,290 -123 181
Dec 932.6 0.0 0.2 Dec 117,245 -3 619

Total - -4,931 4,089

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 836.8 0.0 -0.2 Jan 23,535 0 -175
Feb 837.3 0.0 0.0 Feb 23,984 -12 10
Mar 837.1 0.0 0.0 Mar 23,887 -10 -14
Apr 837.0 -0.1 0.2 Apr 23,758 -116 191
May 837.0 -0.4 0.5 May 23,727 -328 441
Jun 838.0 -0.6 0.1 Jun 24,619 -543 70
Jul 837.7 -0.6 -0.3 Jul 24,356 -524 -247
Aug 836.5 -0.6 -0.6 Aug 23,352 -446 -461
Sep 833.2 0.0 -0.2 Sep 20,607 1 -185
Oct 833.5 0.0 -0.1 Oct 20,870 -9 -129
Nov 835.4 0.0 -0.1 Nov 22,434 3 -84
Dec 836.2 0.0 -0.1 Dec 23,127 0 -94

Total - -1,984 -679

Month

Bridgewater Difference (feet) from 
BASE (Drought 1 (1999-2003))

Month

Bridgewater Difference (acre-feet) 
from BASE (Drought 1 (1999-2003))

Month

Rhodhiss Difference (feet) from 
BASE (Drought 1 (1999-2003))

Month

Rhodhiss Difference (acre-feet) 
from BASE (Drought 1 (1999-2003))

Month

Oxford Difference (feet) from BASE 
(Drought 1 (1999-2003))

Month

Oxford Difference (acre-feet) from 
BASE (Drought 1 (1999-2003))

Month

Lookout Shoals Difference (feet) 
from BASE (Drought 1 (1999-2003))

Month

Lookout Shoals Difference (acre-
feet) from BASE (Drought 1 (1999-

2003))



Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 755.9 0.0 0.1 Jan 936,885 -1,483 2,793
Feb 756.2 0.0 0.1 Feb 947,785 -182 3,900
Mar 757.5 0.0 0.1 Mar 987,219 -162 3,798
Apr 758.5 0.0 0.3 Apr 1,020,094 -1,126 9,181
May 757.9 0.0 0.7 May 1,001,054 821 21,386
Jun 758.0 0.1 0.8 Jun 1,002,157 2,859 24,558
Jul 757.6 0.1 0.8 Jul 991,476 2,287 24,276
Aug 757.7 0.0 0.6 Aug 992,975 -497 18,737
Sep 756.7 0.0 0.5 Sep 962,742 -1,267 13,596
Oct 756.1 0.0 0.4 Oct 943,233 -616 11,745
Nov 755.5 0.0 0.5 Nov 925,151 -1,195 14,390
Dec 756.3 0.0 0.5 Dec 949,799 -1,208 14,903

Total - -1,768 163,263

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 643.6 0.0 0.0 Jan 48,977 7 -60
Feb 643.2 0.0 0.1 Feb 48,056 -7 154
Mar 643.8 0.0 0.4 Mar 49,693 88 874
Apr 645.1 -0.1 0.4 Apr 53,211 -172 988
May 644.4 -0.1 0.4 May 51,268 -214 917
Jun 643.3 0.0 0.1 Jun 48,400 -43 258
Jul 642.5 0.0 0.0 Jul 46,349 8 -4
Aug 642.9 0.0 0.0 Aug 47,261 0 5
Sep 642.4 0.0 0.0 Sep 46,116 -1 25
Oct 642.3 -0.1 -0.1 Oct 45,686 -131 -311
Nov 642.8 0.0 -0.5 Nov 47,123 31 -1,171
Dec 643.3 0.0 -0.5 Dec 48,232 1 -1,442

Total - -435 233

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 565.1 0.0 -0.2 Jan 187,479 -251 -1,845
Feb 566.4 0.0 -0.1 Feb 199,840 205 -1,275
Mar 567.4 0.0 -0.1 Mar 209,750 -40 -610
Apr 569.0 0.1 -0.4 Apr 226,610 838 -3,783
May 568.7 0.0 -0.6 May 222,884 121 -5,798
Jun 567.0 0.0 -0.4 Jun 206,456 104 -3,486
Jul 564.7 0.0 0.0 Jul 183,613 23 311
Aug 564.2 0.0 0.1 Aug 179,158 0 550
Sep 563.6 0.0 0.0 Sep 173,252 -214 477
Oct 563.7 -0.1 0.0 Oct 173,455 -1,357 35
Nov 564.0 0.0 -0.2 Nov 177,065 -212 -2,100
Dec 565.0 0.0 -0.3 Dec 186,794 -27 -2,433

Total - -811 -19,957

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 416.7 0.0 0.0 Jan 33,850 25 -54
Feb 416.9 0.0 0.0 Feb 34,542 20 1
Mar 416.7 0.0 0.0 Mar 33,848 -9 -99
Apr 416.8 0.0 0.2 Apr 34,245 18 665
May 417.1 0.0 0.0 May 34,962 -6 -20
Jun 417.2 0.0 0.0 Jun 35,348 -1 0
Jul 416.9 0.0 0.0 Jul 34,563 -7 -13
Aug 417.2 0.0 0.0 Aug 35,318 -2 -2
Sep 416.8 0.0 0.0 Sep 34,292 10 17
Oct 417.2 0.0 0.0 Oct 35,286 1 5
Nov 416.9 0.0 0.0 Nov 34,348 -41 -14
Dec 417.2 0.0 0.0 Dec 35,283 -2 -1

Total - 5 484

Month

Cowans Ford Difference (feet) from 
BASE (Drought 1 (1999-2003))

Month

Cowans Ford Difference (acre-feet) 
from BASE (Drought 1 (1999-2003))

Month

Mountain Island Difference (feet) 
from BASE (Drought 1 (1999-2003))

Month

Mountain Island Difference (acre-
feet) from BASE (Drought 1 (1999-

2003))

Month

Wylie Difference (feet) from BASE 
(Drought 1 (1999-2003))

Month

Wylie Difference (acre-feet) from 
BASE (Drought 1 (1999-2003))

Month

Fishing Creek Difference (feet) from 
BASE (Drought 1 (1999-2003))

Month

Fishing Creek Difference (acre-feet) 
from BASE (Drought 1 (1999-2003))



Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 355.4 0.0 0.0 Jan 4,745 -11 14
Feb 355.5 0.1 0.0 Feb 4,796 22 17
Mar 355.2 0.0 0.1 Mar 4,686 3 21
Apr 355.3 0.0 0.2 Apr 4,717 -17 64
May 355.6 0.0 0.0 May 4,821 4 5
Jun 355.6 0.0 0.0 Jun 4,842 -3 -2
Jul 355.4 -0.1 -0.1 Jul 4,736 -21 -34
Aug 355.6 0.0 0.0 Aug 4,832 -3 -1
Sep 355.3 -0.1 0.0 Sep 4,731 -28 -8
Oct 355.7 0.0 0.0 Oct 4,882 -8 3
Nov 355.5 0.0 0.1 Nov 4,779 8 33
Dec 355.8 0.0 0.0 Dec 4,900 -1 1

Total - -55 113

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 283.9 0.0 0.0 Jan 16,830 -7 9
Feb 284.3 0.0 0.0 Feb 17,166 -26 -6
Mar 284.0 0.0 0.0 Mar 16,940 -2 1
Apr 284.2 -0.1 -0.1 Apr 17,063 -70 -46
May 284.1 0.0 0.0 May 16,975 -1 11
Jun 284.4 0.0 0.0 Jun 17,210 0 0
Jul 284.1 0.0 0.0 Jul 16,974 -4 7
Aug 284.4 0.0 0.0 Aug 17,196 0 0
Sep 284.1 0.0 0.0 Sep 16,995 -5 -18
Oct 284.4 0.0 0.0 Oct 17,180 0 6
Nov 283.9 0.0 0.0 Nov 16,864 1 -5
Dec 284.4 0.0 0.0 Dec 17,207 0 0

Total - -114 -42

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 225.1 0.0 0.0 Jan 250,199 176 -11
Feb 225.0 0.0 0.1 Feb 249,479 29 992
Mar 223.7 0.0 0.7 Mar 234,603 -253 8,293
Apr 223.1 0.0 1.0 Apr 228,126 -92 11,170
May 222.7 0.0 0.8 May 223,661 -393 9,004
Jun 223.7 -0.1 0.8 Jun 235,081 -1,397 8,747
Jul 224.6 -0.1 0.8 Jul 244,598 -1,192 9,056
Aug 224.8 -0.1 0.7 Aug 247,258 -883 7,571
Sep 225.1 -0.1 0.3 Sep 250,366 -1,541 3,238
Oct 225.4 -0.1 0.0 Oct 253,877 -542 564
Nov 225.3 0.0 0.0 Nov 252,769 56 55
Dec 225.4 0.0 0.0 Dec 254,176 -21 -3

Total - -6,053 58,676

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050

Jan 1,902,754 -1,551 849
Feb 1,940,710 44 5,341
Mar 1,973,880 -301 17,580
Apr 2,027,669 -695 29,934
May 2,002,049 -1,667 35,617
Jun 2,001,770 -2,620 34,233
Jul 1,961,257 -2,452 31,844
Aug 1,950,532 -2,115 26,248
Sep 1,897,557 -3,097 17,522
Oct 1,892,570 -3,407 10,563
Nov 1,881,033 -1,638 8,153
Dec 1,933,303 -1,261 8,381

Total - -20,760 226,267

Month

Great Falls - Dearborn Difference 
(feet) from BASE (Drought 1 (1999-

2003)) Month

Great Falls - Dearborn Difference 
(acre-feet) from BASE (Drought 1 

(1999-2003))

Month

Total System Difference (acre-feet) 
from BASE (1929-2010)

Month

Rocky Creek - Cedar Creek 
Difference (feet) from BASE 

(Drought 1 (1999-2003)) Month

Rocky Creek - Cedar Creek 
Difference (acre-feet) from BASE 

(Drought 1 (1999-2003))

Month

Wateree Difference (feet) from 
BASE (Drought 1 (1999-2003))

Month

Wateree Difference (acre-feet) from 
BASE (Drought 1 (1999-2003))
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Reservoir 

Catawba-Wateree Reservoirs - Average Storage Comparison 
for years 1999-2003 

BLY 2050

Alt6 2050

Alt7 2050
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Alternative 

Bridgewater - Average Storage Comparison 
for years 1999-2003 

Bridgewater
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Alternative 

Rhodhiss - Average Storage Comparison 
for years 1999-2003 

Rhodhiss
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Alternative 

Oxford - Average Storage Comparison 
for years 1999-2003 

Oxford
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Alternative 

Lookout Shoals - Average Storage Comparison 
for years 1999-2003 

Lookout Shoals
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Alternative 

Cowans Ford - Average Storage Comparison 
for years 1999-2003 

Cowans Ford
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Alternative 

Mountain Island - Average Storage Comparison 
for years 1999-2003 

Mountain Island
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Alternative 

Wylie - Average Storage Comparison 
for years 1999-2003 

Wylie
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Alternative 

Fishing Creek - Average Storage Comparison 
for years 1999-2003 

Fishing Creek
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Alternative 

Great Falls - Average Storage Comparison 
for years 1999-2003 

Great Falls - Dearborn
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Alternative 

Rocky Creek - Average Storage Comparison 
for years 1999-2003 

Rocky Creek - Cedar Creek
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Alternative 

Wateree - Average Storage Comparison 
for years 1999-2003 

Wateree
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Alternative 

Total System - Average Storage Comparison 
for years 1999-2003 

Total
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Total System - Difference in Average Monthly Storage from Base (2050) 
for years 1999-2003 
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Annual Averages

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Bridgewater 1195.6 1195.5 1195.2 Bridgewater 254,051 253,623 252,224
Rhodhiss 993.7 993.6 993.6 Rhodhiss 42,208 42,054 42,022

Oxford 933.6 933.5 933.5 Oxford 120,999 120,539 120,528
Lookout Shoals 836.8 836.7 836.7 Lookout Shoals 23,639 23,553 23,532
Cowans Ford 756.9 756.7 756.6 Cowans Ford 968,353 963,188 961,823

Mountain Island 645.7 645.6 645.6 Mountain Island 54,701 54,345 54,274
Wylie 567.2 567.1 567.0 Wylie 208,388 207,430 206,660

Fishing Creek 416.9 416.9 416.9 Fishing Creek 34,429 34,447 34,441
Great Falls - Dearborn 355.5 355.5 355.5 Great Falls - Dearborn 4,795 4,793 4,796

Rocky Creek - Cedar Creek 284.1 284.1 284.1 Rocky Creek - Cedar Creek 16,980 16,985 16,976
Wateree 224.0 223.9 224.0 Wateree 238,212 237,301 238,419

Total 1,966,754 1,958,258 1,955,697

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Bridgewater 1195.6 -0.1 -0.4 Bridgewater 254,051 -428 -1,826
Rhodhiss 993.7 -0.1 -0.1 Rhodhiss 42,208 -154 -186

Oxford 933.6 -0.1 -0.1 Oxford 120,999 -461 -471
Lookout Shoals 836.8 -0.1 -0.1 Lookout Shoals 23,639 -86 -106
Cowans Ford 756.9 -0.2 -0.3 Cowans Ford 968,353 -5,165 -6,530

Mountain Island 645.7 -0.1 -0.1 Mountain Island 54,701 -357 -427
Wylie 567.2 -0.1 -0.2 Wylie 208,388 -957 -1,727

Fishing Creek 416.9 0.0 0.0 Fishing Creek 34,429 18 12
Great Falls - Dearborn 355.5 0.0 0.0 Great Falls - Dearborn 4,795 -2 1

Rocky Creek - Cedar Creek 284.1 0.0 0.0 Rocky Creek - Cedar Creek 16,980 5 -4
Wateree 224.0 -0.1 0.0 Wateree 238,212 -910 207

Total 1,966,754 -8,496 -11,056

Average 
Elevation (feet)

Average Storage 
(million gallons)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Bridgewater 1195.6 -1 -5 Bridgewater 82,783 -139 -595
Rhodhiss 993.7 -1 -1 Rhodhiss 13,753 -50 -60

Oxford 933.6 -1 -1 Oxford 39,428 -150 -153
Lookout Shoals 836.8 -1 -1 Lookout Shoals 7,703 -28 -35
Cowans Ford 756.9 -2 -4 Cowans Ford 315,539 -1,683 -2,128

Mountain Island 645.7 -1 -1 Mountain Island 17,824 -116 -139
Wylie 567.2 -1 -2 Wylie 67,903 -312 -563

Fishing Creek 416.9 0 0 Fishing Creek 11,219 6 4
Great Falls - Dearborn 355.5 0 0 Great Falls - Dearborn 1,562 -1 0

Rocky Creek - Cedar Creek 284.1 0 0 Rocky Creek - Cedar Creek 5,533 2 -1
Wateree 224.0 -1 0 Wateree 77,622 -297 68

Total 640,869 -2,768 -3,603

Reservoir

Drought 2 (2006-2009) Average Elevation (feet)

Reservoir

Drought 2 (2006-2009) Average Storage (acre-feet)

Reservoir

Difference (feet) from BASE 
(Drought 2 (2006-2009))

Reservoir

Difference (acre-feet) from BASE 
(Drought 2 (2006-2009))

Reservoir

Difference (in) from BASE (Drought 
2 (2006-2009))

Reservoir

Difference (million gallons) from 
BASE (Drought 2 (2006-2009))



Plant‐specific Tables

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 1192.5 0.0 -0.5 Jan 238,023 0 -2,032
Feb 1192.8 0.0 -0.5 Feb 238,903 0 -2,116
Mar 1194.4 0.0 -0.4 Mar 246,901 -37 -2,118
Apr 1195.7 -0.1 -0.5 Apr 254,196 -428 -2,552
May 1197.4 -0.3 -0.6 May 263,665 -1,497 -3,560
Jun 1197.4 -0.3 -0.6 Jun 263,854 -1,487 -3,537
Jul 1197.2 -0.2 -0.6 Jul 262,921 -1,325 -3,370
Aug 1196.8 0.0 -0.4 Aug 260,710 -325 -2,244
Sep 1197.6 0.0 0.0 Sep 265,380 0 -28
Oct 1196.8 0.0 0.0 Oct 261,230 0 -213
Nov 1194.8 0.0 0.0 Nov 250,697 0 -32
Dec 1193.2 0.0 0.0 Dec 241,760 0 -78

Total - -5,098 -21,880

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 993.9 0.0 0.0 Jan 42,445 0 0
Feb 993.7 0.0 0.0 Feb 42,024 0 0
Mar 993.9 0.0 0.0 Mar 42,407 27 -15
Apr 994.2 -1.1 -0.9 Apr 42,937 -1,901 -1,578
May 993.9 0.0 0.0 May 42,454 -51 -33
Jun 994.8 0.0 -0.1 Jun 44,034 -1 -137
Jul 993.9 0.0 -0.2 Jul 42,500 55 -285
Aug 993.3 0.0 0.0 Aug 41,606 0 0
Sep 993.1 0.0 0.0 Sep 41,297 -1 -19
Oct 994.1 0.0 0.0 Oct 42,819 0 -2
Nov 993.1 0.0 -0.1 Nov 41,155 0 -171
Dec 992.9 0.0 0.0 Dec 40,816 0 -5

Total - -1,871 -2,246

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 933.3 0.0 0.0 Jan 119,675 0 -21
Feb 933.2 0.0 0.0 Feb 119,360 0 0
Mar 934.0 0.1 0.0 Mar 122,432 254 -34
Apr 934.1 -1.0 -1.2 Apr 122,867 -3,853 -4,498
May 934.2 -0.4 -0.1 May 123,369 -1,529 -605
Jun 934.3 -0.1 0.1 Jun 123,770 -259 218
Jul 934.2 0.0 -0.1 Jul 123,418 -163 -536
Aug 933.5 0.0 0.0 Aug 120,665 0 0
Sep 933.5 0.0 0.0 Sep 120,668 4 2
Oct 933.5 0.0 0.0 Oct 120,755 -9 -7
Nov 933.1 0.0 -0.1 Nov 118,864 0 -193
Dec 932.4 0.0 0.0 Dec 116,061 0 -14

Total - -5,556 -5,689

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 836.8 0.0 0.0 Jan 23,585 0 -28
Feb 836.7 0.0 0.0 Feb 23,525 0 0
Mar 837.4 -0.1 0.0 Mar 24,086 -70 -35
Apr 837.3 -0.8 -0.9 Apr 24,050 -715 -738
May 837.6 -0.3 -0.2 May 24,249 -224 -183
Jun 838.1 0.0 0.0 Jun 24,716 -3 -15
Jul 837.9 0.0 -0.3 Jul 24,531 -23 -235
Aug 836.4 0.0 0.0 Aug 23,278 -4 -4
Sep 836.2 0.0 0.0 Sep 23,124 0 -9
Oct 836.2 0.0 0.0 Oct 23,160 8 10
Nov 836.0 0.0 -0.1 Nov 22,928 0 -39
Dec 835.3 0.0 0.0 Dec 22,430 0 -3

Total - -1,031 -1,280

Month

Bridgewater Difference (feet) from 
BASE (Drought 2 (2006-2009))

Month

Bridgewater Difference (acre-feet) 
from BASE (Drought 2 (2006-2009))

Month

Rhodhiss Difference (feet) from 
BASE (Drought 2 (2006-2009))

Month

Rhodhiss Difference (acre-feet) 
from BASE (Drought 2 (2006-2009))

Month

Oxford Difference (feet) from BASE 
(Drought 2 (2006-2009))

Month

Oxford Difference (acre-feet) from 
BASE (Drought 2 (2006-2009))

Month

Lookout Shoals Difference (feet) 
from BASE (Drought 2 (2006-2009))

Month

Lookout Shoals Difference (acre-
feet) from BASE (Drought 2 (2006-

2009))



Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 755.1 0.0 0.0 Jan 916,702 -6 -196
Feb 755.3 0.0 0.0 Feb 920,716 -6 -191
Mar 756.4 0.0 0.0 Mar 952,415 -349 -190
Apr 757.3 -0.1 0.0 Apr 981,079 -2,121 -1,820
May 757.9 -0.4 -0.4 May 999,935 -12,256 -12,704
Jun 757.9 -0.4 -0.4 Jun 998,363 -13,794 -13,742
Jul 757.8 -0.4 -0.4 Jul 995,999 -13,859 -14,007
Aug 757.5 -0.5 -0.5 Aug 985,922 -14,893 -16,510
Sep 757.5 -0.1 -0.3 Sep 989,586 -4,143 -7,866
Oct 757.4 0.0 -0.1 Oct 985,623 -12 -3,817
Nov 756.5 0.0 -0.1 Nov 959,297 -13 -3,780
Dec 755.7 0.0 -0.1 Dec 932,770 -8 -2,977

Total - -61,460 -77,800

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 645.2 0.0 0.0 Jan 53,340 -5 -25
Feb 645.4 0.0 0.0 Feb 53,923 3 -2
Mar 645.5 0.0 0.0 Mar 54,086 60 -89
Apr 645.7 -0.6 -0.6 Apr 54,543 -1,442 -1,440
May 646.1 -0.9 -1.0 May 55,848 -2,334 -2,607
Jun 646.1 -0.2 -0.3 Jun 55,669 -515 -893
Jul 646.1 0.0 0.0 Jul 55,764 -23 -37
Aug 646.1 0.0 0.0 Aug 55,813 0 -1
Sep 646.1 0.0 0.0 Sep 55,833 -4 -7
Oct 646.1 0.0 0.0 Oct 55,855 -1 -7
Nov 645.3 0.0 0.0 Nov 53,679 0 -1
Dec 644.7 0.0 0.0 Dec 52,012 0 8

Total - -4,261 -5,101

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 566.4 0.0 0.0 Jan 200,186 -36 53
Feb 566.7 0.0 0.0 Feb 202,893 -4 -141
Mar 568.1 0.0 0.0 Mar 217,615 -180 -162
Apr 568.6 0.0 0.0 Apr 222,889 165 159
May 568.7 -0.1 -0.2 May 223,031 -866 -2,021
Jun 567.7 -0.3 -0.4 Jun 213,186 -2,654 -4,308
Jul 566.6 -0.3 -0.5 Jul 202,545 -3,239 -4,867
Aug 565.9 -0.3 -0.6 Aug 195,746 -3,228 -5,442
Sep 566.7 -0.1 -0.3 Sep 203,631 -1,333 -2,719
Oct 567.4 0.0 -0.1 Oct 210,552 -1 -1,000
Nov 567.0 0.0 0.0 Nov 206,755 3 -127
Dec 566.5 0.0 0.0 Dec 201,786 -23 0

Total - -11,395 -20,575

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 416.4 0.0 0.1 Jan 33,102 65 222
Feb 416.2 0.0 0.0 Feb 32,518 -6 -16
Mar 416.5 0.1 0.0 Mar 33,435 153 8
Apr 416.7 0.0 0.0 Apr 33,921 -38 -94
May 417.2 0.0 0.0 May 35,211 15 56
Jun 417.2 0.0 0.0 Jun 35,353 0 0
Jul 417.2 0.0 0.0 Jul 35,353 -1 -1
Aug 417.2 0.0 0.0 Aug 35,351 -1 0
Sep 417.2 0.0 0.0 Sep 35,351 0 0
Oct 417.2 0.0 0.0 Oct 35,352 -1 0
Nov 416.9 0.0 0.0 Nov 34,505 -7 -6
Dec 416.6 0.0 0.0 Dec 33,556 36 -32

Total - 215 137

Month

Cowans Ford Difference (feet) from 
BASE (Drought 2 (2006-2009))

Month

Cowans Ford Difference (acre-feet) 
from BASE (Drought 2 (2006-2009))

Month

Mountain Island Difference (feet) 
from BASE (Drought 2 (2006-2009))

Month

Mountain Island Difference (acre-
feet) from BASE (Drought 2 (2006-

2009))

Month

Wylie Difference (feet) from BASE 
(Drought 2 (2006-2009))

Month

Wylie Difference (acre-feet) from 
BASE (Drought 2 (2006-2009))

Month

Fishing Creek Difference (feet) from 
BASE (Drought 2 (2006-2009))

Month

Fishing Creek Difference (acre-feet) 
from BASE (Drought 2 (2006-2009))



Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 355.4 0.0 0.0 Jan 4,735 -6 -3
Feb 355.1 0.0 0.0 Feb 4,638 16 -9
Mar 355.0 0.0 0.0 Mar 4,598 -18 10
Apr 355.3 -0.1 -0.1 Apr 4,704 -27 -43
May 355.4 0.0 0.1 May 4,764 -9 32
Jun 355.8 0.0 0.0 Jun 4,921 0 1
Jul 355.7 0.0 0.0 Jul 4,889 -1 0
Aug 355.7 0.0 0.0 Aug 4,889 0 0
Sep 355.7 0.0 0.0 Sep 4,892 0 0
Oct 355.8 0.0 0.0 Oct 4,908 -1 0
Nov 355.6 0.0 0.0 Nov 4,820 9 10
Dec 355.4 0.0 0.0 Dec 4,771 10 11

Total - -26 10

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 283.6 0.0 0.0 Jan 16,642 2 -16
Feb 283.5 0.0 0.0 Feb 16,529 15 -2
Mar 284.0 0.0 0.0 Mar 16,892 -3 -13
Apr 283.9 0.0 -0.1 Apr 16,871 -13 -43
May 284.4 0.0 0.0 May 17,178 0 0
Jun 284.4 0.0 0.0 Jun 17,210 0 0
Jul 284.4 0.0 0.0 Jul 17,210 0 0
Aug 284.4 0.0 0.0 Aug 17,210 0 0
Sep 284.4 0.0 0.0 Sep 17,210 0 0
Oct 284.4 0.0 0.0 Oct 17,210 0 0
Nov 284.0 0.0 0.0 Nov 16,880 32 11
Dec 283.7 0.0 0.0 Dec 16,681 29 19

Total - 61 -45

Average 
Elevation (feet)

Average Storage 
(acre-feet)

BLY 2050 Alt6 2050 Alt7 2050 BLY 2050 Alt6 2050 Alt7 2050

Jan 224.1 -0.3 0.0 Jan 239,517 -2,750 -501
Feb 224.9 0.0 0.0 Feb 248,423 -250 -9
Mar 224.1 0.0 0.0 Mar 239,592 -55 -33
Apr 223.6 0.1 0.1 Apr 233,886 1,479 1,222
May 222.8 0.1 0.2 May 224,775 1,192 1,558
Jun 223.4 0.0 0.1 Jun 231,341 92 1,239
Jul 224.4 -0.1 0.0 Jul 242,610 -836 29
Aug 224.4 -0.1 0.0 Aug 242,965 -1,315 -121
Sep 224.4 -0.1 0.0 Sep 242,337 -1,559 -192
Oct 224.2 -0.2 0.0 Oct 240,792 -1,960 -303
Nov 224.0 -0.2 0.0 Nov 238,374 -2,304 96
Dec 223.7 -0.3 -0.1 Dec 234,669 -2,553 -473

Total - -10,820 2,513

Average 
Elevation (feet)

BLY 2050 Alt6 2050 Alt7 2050

Jan 1,887,950 -2,736 -2,546
Feb 1,903,453 -232 -2,485
Mar 1,954,457 -218 -2,672
Apr 1,991,944 -8,894 -11,424
May 2,014,479 -17,558 -20,067
Jun 2,012,418 -18,622 -21,173
Jul 2,007,740 -19,414 -23,309
Aug 1,984,156 -19,767 -24,324
Sep 1,999,309 -7,038 -10,838
Oct 1,998,256 -1,976 -5,339
Nov 1,947,952 -2,279 -4,234
Dec 1,897,312 -2,509 -3,544

Total - -101,242 -131,955

Month

Great Falls - Dearborn Difference 
(feet) from BASE (Drought 2 (2006-

2009)) Month

Great Falls - Dearborn Difference 
(acre-feet) from BASE (Drought 2 

(2006-2009))

Month

Total System Difference (acre-feet) 
from BASE (1929-2010)

Month

Rocky Creek - Cedar Creek 
Difference (feet) from BASE 

(Drought 2 (2006-2009)) Month

Rocky Creek - Cedar Creek 
Difference (acre-feet) from BASE 

(Drought 2 (2006-2009))

Month

Wateree Difference (feet) from 
BASE (Drought 2 (2006-2009))

Month

Wateree Difference (acre-feet) from 
BASE (Drought 2 (2006-2009))
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Mountain Island - Average Storage Comparison 
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Wylie - Average Storage Comparison 
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Fishing Creek - Average Storage Comparison 
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Great Falls - Average Storage Comparison 
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Alternative 

Wateree - Average Storage Comparison 
for years 2006-2009 

Wateree



1,992,331 

1,991,838 

1,993,628 

1,990,500

1,991,000

1,991,500

1,992,000

1,992,500

1,993,000

1,993,500

1,994,000

BLY 2050 Alt6 2050 Alt7 2050

St
o

ra
ge

 (
A

cr
e

-f
e

e
t)

 

Alternative 

Total System - Average Storage Comparison 
for years 2006-2009 
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Outflow Exceedance Curves 
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Outflow Exceedance Curves 
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Outflow Exceedance Curves 

 

Drought 2 (2006-2009) 
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I-1 
Hydro Generation 
Comparison 

Baseline – 2012 Water Use 

To 

Baseline – 2050 Water Use 
 

 
 

  

  



'UC‐Base_2050' less 'UC‐Base_2012' Difference (MWh) 'UC‐Base_2050' less 'UC‐Base_2012' Difference (%)

Year Bridgewater Rhodhiss Oxford Lookout Shoals Cowans Ford

Mountain 

Island Wylie Fishing Creek

Great Falls ‐ 

Dearborn

Rocky Creek ‐ 

Cedar Creek Wateree System Total Year Bridgewater Rhodhiss Oxford Lookout Shoals Cowans Ford

Mountain 

Island Wylie Fishing Creek

Great Falls ‐ 

Dearborn

Rocky Creek ‐ 

Cedar Creek Wateree System Total

1929 ‐307 ‐352 ‐1,340 ‐1,165 ‐8,292 ‐10,203 ‐9,315 ‐7,505 ‐8,801 ‐6,864 ‐13,209 ‐67,352 1929 ‐0.4% ‐0.4% ‐0.8% ‐0.8% ‐3.2% ‐6.4% ‐3.9% ‐3.1% ‐3.4% ‐2.8% ‐3.4% ‐3.0%

1930 ‐250 962 ‐145 ‐1,419 ‐2,163 ‐7,903 ‐9,796 ‐8,103 ‐8,793 ‐7,261 ‐15,609 ‐60,481 1930 ‐1.1% 2.7% ‐0.2% ‐1.9% ‐2.0% ‐10.7% ‐8.0% ‐6.2% ‐7.0% ‐5.1% ‐7.1% ‐5.4%

1931 ‐57 55 ‐1,012 ‐1,006 ‐1,900 ‐8,847 ‐9,651 ‐7,275 ‐9,238 ‐7,181 ‐14,537 ‐60,649 1931 ‐0.3% 0.2% ‐1.7% ‐1.4% ‐2.5% ‐13.7% ‐7.6% ‐5.4% ‐6.7% ‐4.7% ‐6.3% ‐5.5%

1932 ‐467 577 359 ‐1,324 ‐2,333 ‐8,654 ‐10,108 ‐8,276 ‐9,432 ‐7,503 ‐13,458 ‐60,619 1932 ‐1.0% 1.0% 0.3% ‐1.3% ‐1.5% ‐7.8% ‐5.2% ‐4.2% ‐4.2% ‐3.3% ‐3.8% ‐3.4%

1933 ‐145 ‐450 ‐1,560 ‐1,860 ‐7,860 ‐10,998 ‐9,393 ‐7,999 ‐8,895 ‐7,026 ‐15,151 ‐71,340 1933 ‐0.4% ‐0.8% ‐1.4% ‐1.8% ‐4.8% ‐10.6% ‐6.5% ‐5.2% ‐5.5% ‐4.2% ‐5.4% ‐4.8%

1934 4,080 8,625 17,555 6,038 51,638 4,665 ‐5,654 ‐4,229 ‐9,268 ‐8,023 ‐10,906 54,522 1934 11.3% 16.8% 19.1% 6.6% 49.4% 5.3% ‐3.8% ‐2.8% ‐5.9% ‐5.0% ‐4.3% 4.1%

1935 2,661 1,580 1,920 921 1,023 ‐7,749 ‐4,207 ‐1,901 ‐5,100 ‐3,715 ‐7,421 ‐21,987 1935 5.5% 2.1% 1.4% 0.7% 0.5% ‐5.8% ‐2.3% ‐1.1% ‐2.6% ‐1.9% ‐2.3% ‐1.2%

1936 ‐308 1,849 1,552 ‐509 ‐5,452 ‐10,475 ‐9,449 ‐5,756 ‐8,016 ‐4,974 ‐9,828 ‐51,365 1936 ‐0.5% 2.4% 1.2% ‐0.5% ‐2.6% ‐7.9% ‐4.8% ‐2.8% ‐3.6% ‐2.3% ‐3.0% ‐2.7%

1937 ‐200 403 ‐814 ‐1,205 ‐3,038 ‐10,211 ‐9,194 ‐6,988 ‐8,043 ‐6,245 ‐11,931 ‐57,466 1937 ‐0.3% 0.5% ‐0.7% ‐1.1% ‐1.6% ‐8.2% ‐5.2% ‐3.9% ‐4.2% ‐3.3% ‐4.0% ‐3.4%

1938 692 1,014 562 ‐54 ‐1,888 ‐7,815 ‐8,401 ‐6,836 ‐8,091 ‐6,435 ‐13,663 ‐50,914 1938 2.2% 2.5% 0.9% ‐0.1% ‐2.2% ‐11.3% ‐7.6% ‐6.0% ‐7.6% ‐5.3% ‐7.4% ‐5.1%

1939 ‐1,319 714 126 ‐1,055 ‐6,743 ‐9,993 ‐9,582 ‐6,703 ‐7,677 ‐6,149 ‐11,436 ‐59,818 1939 ‐3.3% 1.5% 0.2% ‐1.4% ‐5.3% ‐12.3% ‐7.5% ‐5.0% ‐5.6% ‐4.3% ‐5.3% ‐4.9%

1940 28 911 1,068 1,198 ‐6,970 ‐8,326 ‐7,478 ‐6,147 ‐6,498 ‐5,031 ‐10,375 ‐47,619 1940 0.1% 2.4% 1.7% 2.0% ‐6.7% ‐13.0% ‐7.6% ‐5.9% ‐6.5% ‐4.4% ‐6.1% ‐5.0%

1941 ‐1,804 ‐1,651 ‐3,184 ‐1,401 ‐7,731 ‐11,760 ‐8,345 ‐9,742 ‐7,374 ‐4,953 ‐13,815 ‐71,762 1941 ‐7.1% ‐5.2% ‐5.4% ‐2.3% ‐8.5% ‐19.9% ‐8.8% ‐9.3% ‐7.8% ‐4.4% ‐8.0% ‐7.9%

1942 ‐511 ‐3,481 ‐6,228 ‐3,018 ‐8,578 ‐11,689 ‐10,304 ‐8,852 ‐9,089 ‐7,349 ‐16,837 ‐85,936 1942 ‐0.9% ‐5.2% ‐5.6% ‐3.2% ‐5.6% ‐12.1% ‐7.2% ‐5.8% ‐6.3% ‐4.8% ‐6.8% ‐6.1%

1943 ‐258 ‐382 ‐1,659 ‐1,612 ‐8,330 ‐11,194 ‐10,017 ‐8,051 ‐8,948 ‐7,195 ‐14,852 ‐72,500 1943 ‐0.6% ‐0.6% ‐1.6% ‐1.8% ‐5.6% ‐11.9% ‐6.7% ‐5.1% ‐5.9% ‐4.6% ‐5.9% ‐5.1%

1944 ‐382 ‐596 ‐1,938 ‐1,815 ‐8,767 ‐10,852 ‐10,250 ‐8,119 ‐9,006 ‐7,684 ‐15,396 ‐74,805 1944 ‐1.2% ‐1.2% ‐2.3% ‐2.4% ‐7.1% ‐14.1% ‐7.0% ‐5.1% ‐5.9% ‐4.9% ‐6.1% ‐5.7%

1945 291 3,040 5,001 1,633 465 ‐9,209 ‐6,782 ‐4,576 ‐5,077 ‐3,763 ‐8,414 ‐27,392 1945 0.7% 6.1% 6.0% 2.1% 0.4% ‐11.3% ‐5.1% ‐3.3% ‐3.8% ‐2.7% ‐3.9% ‐2.2%

1946 182 4,342 4,012 24 ‐8,195 ‐10,265 ‐8,923 ‐5,672 ‐6,835 ‐5,940 ‐9,502 ‐46,771 1946 0.4% 8.7% 4.5% 0.0% ‐6.4% ‐12.8% ‐6.6% ‐4.0% ‐4.9% ‐4.2% ‐4.3% ‐3.7%

1947 ‐2,610 ‐3,392 ‐8,631 ‐5,465 ‐15,799 ‐15,305 ‐19,114 ‐18,219 ‐18,731 ‐15,174 ‐31,029 ‐153,468 1947 ‐7.1% ‐6.7% ‐9.8% ‐7.2% ‐12.1% ‐19.2% ‐13.7% ‐12.3% ‐12.8% ‐10.1% ‐13.0% ‐11.9%

1948 ‐3,580 ‐6,830 ‐11,725 ‐2,894 ‐27,775 ‐22,013 ‐20,230 ‐15,217 ‐13,984 ‐11,119 ‐24,513 ‐159,879 1948 ‐6.1% ‐9.3% ‐9.2% ‐2.7% ‐15.3% ‐19.1% ‐10.8% ‐7.8% ‐7.0% ‐5.7% ‐7.9% ‐9.1%

1949 ‐4,356 ‐8,772 ‐15,651 ‐10,502 ‐16,468 ‐18,218 ‐29,726 ‐28,746 ‐22,891 ‐20,645 ‐46,157 ‐222,132 1949 ‐4.9% ‐9.2% ‐9.7% ‐7.7% ‐7.1% ‐12.4% ‐13.1% ‐12.6% ‐9.6% ‐9.0% ‐12.8% ‐10.4%

1950 2,462 ‐2,356 ‐1,930 632 2,322 ‐1,935 ‐1,819 ‐2,084 ‐2,994 ‐2,049 ‐5,906 ‐15,656 1950 5.2% ‐4.4% ‐2.2% 0.7% 2.3% ‐2.5% ‐1.6% ‐1.7% ‐2.6% ‐1.6% ‐3.0% ‐1.4%

1951 63 ‐219 ‐1,206 ‐763 ‐135 ‐6,650 ‐9,371 ‐7,643 ‐8,775 ‐6,989 ‐13,541 ‐55,230 1951 0.3% ‐0.7% ‐2.4% ‐1.2% ‐0.4% ‐12.2% ‐9.1% ‐6.5% ‐8.2% ‐5.8% ‐7.6% ‐6.3%

1952 ‐85 746 ‐30 ‐1,227 ‐8,841 ‐10,587 ‐8,767 ‐6,959 ‐8,260 ‐6,448 ‐12,127 ‐62,583 1952 ‐0.2% 1.5% 0.0% ‐1.5% ‐5.7% ‐11.1% ‐6.0% ‐4.4% ‐5.4% ‐4.1% ‐5.0% ‐4.6%

1953 ‐265 ‐54 ‐1,157 ‐1,637 ‐179 ‐5,806 ‐4,644 ‐3,757 ‐4,389 ‐3,590 ‐10,529 ‐36,008 1953 ‐0.8% ‐0.1% ‐1.5% ‐2.3% ‐0.2% ‐9.0% ‐4.2% ‐2.9% ‐3.7% ‐2.8% ‐5.2% ‐3.3%

1954 ‐316 ‐13 ‐521 ‐994 ‐3,813 ‐5,608 ‐6,918 ‐3,927 ‐6,712 ‐4,788 ‐9,110 ‐42,719 1954 ‐2.0% 0.0% ‐1.1% ‐1.9% ‐4.8% ‐12.8% ‐9.7% ‐4.2% ‐7.5% ‐4.2% ‐5.3% ‐5.3%

1955 ‐425 ‐379 ‐922 ‐1,474 ‐489 ‐10,203 ‐15,648 ‐15,133 ‐15,509 ‐12,242 ‐22,496 ‐94,923 1955 ‐1.6% ‐1.6% ‐2.4% ‐2.9% ‐0.9% ‐21.9% ‐17.7% ‐16.7% ‐18.5% ‐12.5% ‐15.3% ‐12.7%

1956 ‐1,094 ‐890 ‐2,171 ‐2,071 ‐4,185 ‐9,178 ‐7,598 ‐8,278 ‐6,997 ‐5,380 ‐12,201 ‐60,044 1956 ‐5.4% ‐3.1% ‐4.7% ‐4.3% ‐5.9% ‐21.5% ‐8.8% ‐8.7% ‐8.6% ‐5.5% ‐8.0% ‐7.8%

1957 ‐872 ‐478 ‐2,567 ‐2,085 ‐7,859 ‐12,690 ‐10,033 ‐9,031 ‐8,768 ‐7,005 ‐13,227 ‐74,615 1957 ‐1.4% ‐0.7% ‐2.2% ‐2.0% ‐5.1% ‐10.9% ‐6.2% ‐5.6% ‐5.3% ‐4.2% ‐5.2% ‐4.9%

1958 478 3,102 3,396 1,281 ‐235 ‐4,768 ‐4,508 ‐3,451 ‐3,964 ‐3,446 ‐6,168 ‐18,284 1958 1.0% 5.0% 3.2% 1.3% ‐0.1% ‐4.4% ‐2.8% ‐2.1% ‐2.4% ‐2.1% ‐2.4% ‐1.2%

1959 3,324 9,110 13,137 4,254 11,577 ‐1,988 2,015 4,062 558 46 844 46,939 1959 6.6% 14.8% 12.4% 4.3% 7.2% ‐1.9% 1.3% 2.3% 0.3% 0.0% 0.3% 3.0%

1960 ‐508 5,322 7,530 899 6,585 ‐9,209 ‐11,779 ‐9,559 ‐16,647 ‐12,371 ‐18,409 ‐58,145 1960 ‐0.8% 6.8% 5.6% 0.8% 3.3% ‐6.7% ‐5.5% ‐4.5% ‐7.0% ‐5.5% ‐5.4% ‐3.0%

1961 3,371 6,837 8,538 3,831 17,785 399 1,429 1,333 ‐2,435 ‐2,467 ‐3,674 34,947 1961 6.2% 10.3% 7.4% 3.7% 11.0% 0.4% 0.8% 0.7% ‐1.3% ‐1.3% ‐1.3% 2.1%

1962 ‐257 7,484 6,935 1,744 ‐5,741 ‐12,895 ‐9,606 ‐4,500 ‐10,124 ‐7,274 ‐6,227 ‐40,461 1962 ‐0.5% 11.6% 6.2% 1.7% ‐3.5% ‐12.0% ‐6.1% ‐2.7% ‐5.9% ‐4.2% ‐2.4% ‐2.7%

1963 ‐2,027 3,990 2,387 ‐1,270 ‐15,249 ‐14,345 ‐12,784 ‐9,537 ‐10,485 ‐8,871 ‐17,593 ‐85,785 1963 ‐5.7% 9.0% 3.1% ‐1.8% ‐12.2% ‐18.5% ‐10.5% ‐7.3% ‐8.4% ‐6.7% ‐8.5% ‐7.5%

1964 ‐465 ‐501 ‐1,842 ‐1,527 ‐8,735 ‐10,806 ‐9,683 ‐8,151 ‐9,125 ‐7,788 ‐14,715 ‐73,338 1964 ‐0.7% ‐0.6% ‐1.4% ‐1.4% ‐4.0% ‐7.5% ‐4.7% ‐3.8% ‐4.0% ‐3.6% ‐4.3% ‐3.7%

1965 ‐1,452 ‐1,079 ‐2,784 ‐2,434 ‐9,442 ‐11,478 ‐10,412 ‐8,497 ‐9,124 ‐7,503 ‐16,085 ‐80,290 1965 ‐2.8% ‐1.5% ‐2.3% ‐2.4% ‐5.2% ‐9.5% ‐6.0% ‐4.6% ‐4.7% ‐3.9% ‐5.4% ‐4.8%

1966 1,580 1,132 1,735 ‐1,125 ‐2,829 ‐8,126 ‐9,325 ‐7,389 ‐8,805 ‐6,820 ‐14,737 ‐54,709 1966 3.5% 2.1% 2.1% ‐1.4% ‐2.6% ‐9.6% ‐7.6% ‐5.6% ‐6.8% ‐5.0% ‐6.9% ‐4.6%

1967 ‐400 ‐35 ‐681 ‐1,559 ‐2,360 ‐8,251 ‐9,819 ‐8,055 ‐9,011 ‐7,207 ‐14,232 ‐61,610 1967 ‐1.2% ‐0.1% ‐1.0% ‐1.9% ‐3.5% ‐11.0% ‐7.3% ‐5.7% ‐6.4% ‐4.9% ‐6.4% ‐5.3%

1968 1,677 2,571 2,898 1,053 ‐7,361 ‐9,778 ‐9,302 ‐6,575 ‐7,301 ‐5,820 ‐11,967 ‐49,905 1968 3.9% 5.1% 3.3% 1.3% ‐4.5% ‐9.7% ‐6.4% ‐4.3% ‐4.9% ‐3.8% ‐5.2% ‐3.7%

1969 1,150 218 1,277 ‐1,194 ‐6,769 ‐10,250 ‐9,002 ‐6,924 ‐8,439 ‐6,886 ‐12,970 ‐59,790 1969 2.1% 0.3% 1.2% ‐1.2% ‐4.4% ‐9.6% ‐5.9% ‐4.3% ‐5.1% ‐4.2% ‐5.2% ‐4.0%

1970 537 1,013 960 ‐158 ‐8,663 ‐8,917 ‐7,794 ‐6,131 ‐7,533 ‐5,890 ‐11,941 ‐54,517 1970 1.2% 1.7% 1.0% ‐0.2% ‐4.8% ‐7.8% ‐5.0% ‐3.8% ‐4.6% ‐3.5% ‐4.6% ‐3.7%

1971 ‐143 1,386 1,326 ‐662 ‐7,934 ‐11,121 ‐9,745 ‐7,056 ‐8,137 ‐6,575 ‐13,404 ‐62,066 1971 ‐0.3% 2.0% 1.2% ‐0.6% ‐4.3% ‐9.3% ‐5.6% ‐3.7% ‐4.1% ‐3.4% ‐4.6% ‐3.7%

1972 ‐290 ‐513 ‐1,755 ‐1,521 ‐2,719 ‐9,473 ‐9,321 ‐7,073 ‐8,267 ‐6,727 ‐13,907 ‐61,567 1972 ‐0.6% ‐0.9% ‐1.9% ‐1.5% ‐2.3% ‐8.6% ‐5.3% ‐3.9% ‐4.4% ‐3.6% ‐5.0% ‐4.0%

1973 ‐606 ‐324 ‐2,357 ‐1,569 ‐3,300 ‐11,628 ‐9,527 ‐7,516 ‐8,813 ‐7,008 ‐13,650 ‐66,299 1973 ‐0.9% ‐0.4% ‐1.7% ‐1.3% ‐3.2% ‐8.0% ‐4.5% ‐3.5% ‐3.7% ‐3.1% ‐4.1% ‐3.5%

1974 ‐157 ‐451 ‐2,238 ‐1,645 ‐908 ‐11,302 ‐10,010 ‐7,892 ‐9,141 ‐7,282 ‐14,266 ‐65,294 1974 ‐0.3% ‐0.6% ‐1.8% ‐1.4% ‐1.7% ‐9.6% ‐5.3% ‐4.0% ‐4.3% ‐3.6% ‐4.7% ‐3.9%

1975 ‐209 ‐411 ‐2,183 ‐1,529 ‐2,134 ‐11,933 ‐9,157 ‐7,059 ‐8,536 ‐6,708 ‐12,704 ‐62,563 1975 ‐0.3% ‐0.5% ‐1.6% ‐1.2% ‐1.9% ‐8.3% ‐4.1% ‐3.1% ‐3.4% ‐2.9% ‐3.7% ‐3.2%

1976 ‐254 ‐534 ‐1,903 ‐1,671 ‐741 ‐10,712 ‐9,914 ‐7,830 ‐8,996 ‐7,218 ‐14,432 ‐64,205 1976 ‐0.5% ‐0.9% ‐2.0% ‐1.7% ‐1.0% ‐10.6% ‐6.0% ‐4.5% ‐4.8% ‐3.8% ‐5.1% ‐4.4%

1977 ‐296 ‐569 ‐1,984 ‐1,410 ‐8 ‐9,710 ‐9,375 ‐7,441 ‐8,721 ‐6,973 ‐13,323 ‐59,808 1977 ‐0.7% ‐1.0% ‐2.3% ‐1.6% 0.0% ‐10.0% ‐6.3% ‐4.6% ‐5.2% ‐4.2% ‐5.4% ‐4.5%

1978 ‐217 ‐244 ‐1,411 ‐1,514 ‐670 ‐8,653 ‐9,609 ‐7,725 ‐8,950 ‐7,193 ‐13,640 ‐59,825 1978 ‐0.5% ‐0.4% ‐1.6% ‐1.7% ‐1.1% ‐9.0% ‐6.0% ‐4.6% ‐5.1% ‐4.2% ‐5.4% ‐4.4%

1979 ‐339 ‐493 ‐1,691 ‐1,304 ‐5,482 ‐12,677 ‐9,323 ‐7,086 ‐8,459 ‐6,673 ‐12,534 ‐66,061 1979 ‐0.4% ‐0.5% ‐1.0% ‐0.9% ‐4.0% ‐6.6% ‐3.4% ‐2.8% ‐2.9% ‐2.4% ‐3.0% ‐2.8%

1980 ‐305 ‐304 ‐2,148 ‐1,749 ‐469 ‐8,294 ‐9,576 ‐7,740 ‐8,875 ‐7,157 ‐13,965 ‐60,581 1980 ‐0.7% ‐0.5% ‐2.5% ‐1.9% ‐0.7% ‐8.6% ‐5.8% ‐4.4% ‐4.9% ‐4.0% ‐5.2% ‐4.3%

1981 ‐26 ‐202 ‐892 ‐1,356 927 ‐7,009 ‐9,645 ‐7,919 ‐9,180 ‐7,324 ‐14,033 ‐56,660 1981 ‐0.1% ‐0.9% ‐2.3% ‐2.5% 2.8% ‐14.2% ‐10.3% ‐7.2% ‐9.5% ‐6.5% ‐8.2% ‐7.0%

1982 ‐379 ‐513 ‐1,829 ‐1,556 ‐344 ‐8,829 ‐9,778 ‐7,925 ‐9,033 ‐7,318 ‐14,345 ‐61,849 1982 ‐1.2% ‐1.1% ‐2.6% ‐2.0% ‐0.6% ‐10.4% ‐6.6% ‐5.1% ‐5.7% ‐4.6% ‐6.0% ‐5.0%

1983 ‐347 ‐263 ‐1,423 ‐1,468 ‐1,542 ‐9,838 ‐9,413 ‐7,535 ‐8,829 ‐7,081 ‐13,404 ‐61,142 1983 ‐0.5% ‐0.3% ‐1.0% ‐1.2% ‐1.5% ‐6.8% ‐4.6% ‐3.8% ‐4.1% ‐3.5% ‐4.4% ‐3.4%

1984 24 ‐219 ‐815 ‐1,350 ‐5,620 ‐9,328 ‐9,227 ‐7,017 ‐8,139 ‐6,618 ‐12,308 ‐60,618 1984 0.0% ‐0.3% ‐0.6% ‐1.2% ‐2.8% ‐6.7% ‐4.5% ‐3.4% ‐3.7% ‐3.1% ‐3.8% ‐3.2%

1985 ‐2,368 ‐4,296 ‐7,305 ‐4,308 ‐4,538 ‐9,906 ‐9,614 ‐9,688 ‐7,103 ‐6,490 ‐13,847 ‐79,463 1985 ‐6.6% ‐9.1% ‐9.5% ‐5.8% ‐4.0% ‐12.3% ‐7.7% ‐7.0% ‐5.4% ‐4.6% ‐6.6% ‐6.8%

1986 ‐642 ‐224 ‐46 ‐964 ‐9,269 ‐12,291 ‐10,065 ‐10,448 ‐8,939 ‐7,291 ‐16,942 ‐77,120 1986 ‐2.4% ‐0.6% ‐0.1% ‐1.6% ‐8.7% ‐18.4% ‐10.6% ‐9.9% ‐10.0% ‐6.9% ‐10.6% ‐8.5%

1987 ‐1,077 ‐4,926 ‐7,380 ‐2,052 ‐18,067 ‐14,945 ‐12,357 ‐9,731 ‐8,433 ‐6,076 ‐14,190 ‐99,236 1987 ‐2.1% ‐7.5% ‐6.9% ‐2.3% ‐10.9% ‐13.7% ‐8.2% ‐6.0% ‐5.3% ‐3.8% ‐5.8% ‐6.8%

1988 ‐899 ‐3,829 ‐7,632 ‐3,716 ‐8,167 ‐9,981 ‐9,847 ‐9,768 ‐7,157 ‐7,543 ‐17,549 ‐86,088 1988 ‐6.3% ‐13.5% ‐15.4% ‐7.7% ‐11.6% ‐24.2% ‐14.6% ‐11.9% ‐10.9% ‐8.8% ‐14.0% ‐12.7%

1989 ‐328 ‐345 ‐1,332 ‐1,257 ‐7,206 ‐9,769 ‐9,948 ‐7,835 ‐8,831 ‐6,860 ‐13,645 ‐67,356 1989 ‐0.6% ‐0.5% ‐1.1% ‐1.2% ‐3.7% ‐7.3% ‐5.3% ‐3.9% ‐4.2% ‐3.4% ‐4.5% ‐3.8%

1990 ‐311 ‐300 ‐1,565 ‐1,366 ‐8,056 ‐10,488 ‐10,918 ‐7,614 ‐8,862 ‐7,411 ‐15,980 ‐72,869 1990 ‐0.5% ‐0.3% ‐1.1% ‐1.2% ‐3.6% ‐7.2% ‐5.4% ‐3.6% ‐4.2% ‐3.6% ‐5.2% ‐3.8%

1991 ‐193 ‐293 ‐1,627 ‐1,360 ‐7,945 ‐10,532 ‐9,363 ‐7,220 ‐7,800 ‐6,311 ‐14,615 ‐67,258 1991 ‐0.4% ‐0.4% ‐1.4% ‐1.4% ‐4.5% ‐9.3% ‐5.8% ‐4.1% ‐4.5% ‐3.5% ‐5.3% ‐4.2%

1992 ‐436 ‐562 ‐1,599 ‐1,505 ‐8,802 ‐11,141 ‐10,116 ‐7,700 ‐8,714 ‐7,077 ‐14,009 ‐71,661 1992 ‐0.6% ‐0.7% ‐1.1% ‐1.3% ‐4.3% ‐8.4% ‐5.3% ‐3.8% ‐4.4% ‐3.5% ‐4.6% ‐3.9%

1993 ‐1,195 ‐2,990 ‐7,180 ‐4,211 ‐14,937 ‐14,941 ‐13,695 ‐9,637 ‐11,110 ‐8,654 ‐16,909 ‐105,458 1993 ‐2.1% ‐4.1% ‐5.8% ‐4.1% ‐8.0% ‐12.4% ‐7.5% ‐5.2% ‐6.0% ‐4.8% ‐6.2% ‐6.3%

1994 518 ‐7,677 ‐10,655 ‐3,690 ‐5,090 ‐13,977 ‐15,036 ‐14,486 ‐11,158 ‐8,525 ‐20,627 ‐110,404 1994 1.0% ‐10.4% ‐8.8% ‐3.6% ‐2.8% ‐12.0% ‐9.3% ‐8.7% ‐6.8% ‐5.3% ‐8.3% ‐7.1%

1995 ‐3,606 ‐2,825 ‐6,842 ‐4,547 ‐14,553 ‐16,923 ‐15,336 ‐10,486 ‐11,469 ‐9,460 ‐17,831 ‐113,877 1995 ‐5.2% ‐3.5% ‐5.2% ‐4.1% ‐7.1% ‐12.7% ‐8.0% ‐5.4% ‐5.9% ‐5.0% ‐6.3% ‐6.4%

1996 ‐313 ‐428 ‐1,556 ‐1,151 ‐8,202 ‐10,869 ‐10,044 ‐7,873 ‐8,267 ‐7,149 ‐15,158 ‐71,009 1996 ‐0.6% ‐0.6% ‐1.3% ‐1.2% ‐4.7% ‐9.8% ‐6.3% ‐4.8% ‐5.0% ‐4.4% ‐6.2% ‐4.7%

1997 1,044 1,019 344 ‐341 ‐7,518 ‐9,748 ‐9,386 ‐7,298 ‐8,269 ‐6,545 ‐14,402 ‐61,101 1997 2.4% 1.7% 0.4% ‐0.4% ‐5.3% ‐10.9% ‐6.5% ‐4.7% ‐5.5% ‐4.3% ‐6.1% ‐4.5%

1998 ‐1,889 227 ‐1,022 ‐1,139 ‐9,403 ‐11,575 ‐9,697 ‐7,115 ‐8,425 ‐6,738 ‐12,932 ‐69,709 1998 ‐3.1% 0.3% ‐0.8% ‐1.1% ‐5.1% ‐9.6% ‐5.3% ‐3.9% ‐4.3% ‐3.6% ‐4.6% ‐4.1%

1999 1,911 2,082 1,453 406 340 ‐4,185 ‐3,194 ‐2,511 ‐2,506 ‐1,862 ‐7,850 ‐15,915 1999 10.8% 6.5% 2.7% 0.8% 0.5% ‐10.7% ‐4.2% ‐3.4% ‐4.1% ‐2.4% ‐6.5% ‐2.4%

2000 ‐2,342 846 ‐846 ‐1,902 7,357 ‐8,586 ‐10,113 ‐8,552 ‐9,627 ‐7,566 ‐14,338 ‐55,668 2000 ‐11.5% 3.7% ‐2.4% ‐3.9% 20.1% ‐23.3% ‐12.5% ‐10.6% ‐13.1% ‐9.0% ‐11.2% ‐8.6%

2001 ‐505 4,152 6,242 1,281 15,771 ‐4,970 ‐7,150 ‐4,973 ‐6,174 ‐4,475 ‐8,763 ‐9,564 2001 ‐3.3% 20.2% 19.6% 3.4% 37.7% ‐14.9% ‐11.3% ‐8.0% ‐14.9% ‐7.3% ‐9.3% ‐1.9%

2002 ‐413 20 2,228 ‐140 1,549 ‐14,358 ‐28,476 ‐19,779 ‐13,382 ‐10,181 ‐32,438 ‐115,371 2002 ‐2.4% 0.1% 5.9% ‐0.3% 3.5% ‐45.5% ‐48.6% ‐32.2% ‐28.6% ‐15.0% ‐31.3% ‐21.6%

2003 ‐57 ‐256 ‐1,175 ‐1,372 ‐7,561 ‐9,580 ‐7,238 ‐5,662 ‐7,228 ‐5,749 ‐10,330 ‐56,209 2003 ‐0.1% ‐0.3% ‐0.7% ‐1.1% ‐3.5% ‐6.2% ‐2.9% ‐2.4% ‐2.8% ‐2.4% ‐2.9% ‐2.6%

2004 ‐371 ‐329 ‐1,303 ‐1,232 ‐6,364 ‐10,609 ‐9,132 ‐6,524 ‐7,765 ‐6,024 ‐11,655 ‐61,307 2004 ‐0.7% ‐0.5% ‐1.3% ‐1.3% ‐3.4% ‐8.8% ‐5.6% ‐4.1% ‐5.1% ‐4.0% ‐5.2% ‐4.2%

2005 5,148 4,562 9,338 3,449 14,241 3,566 3,873 3,815 3,223 2,531 1,091 54,838 2005 7.9% 6.2% 8.0% 3.2% 7.9% 2.8% 2.2% 2.2% 1.9% 1.5% 0.4% 3.4%

2006 ‐3,193 ‐2,595 ‐6,199 ‐4,867 ‐17,295 ‐18,814 ‐20,540 ‐16,706 ‐20,387 ‐16,045 ‐29,658 ‐156,300 2006 ‐8.1% ‐6.1% ‐8.9% ‐6.8% ‐14.5% ‐21.6% ‐15.4% ‐13.0% ‐16.1% ‐12.2% ‐15.7% ‐13.7%

2007 5,891 2,027 2,561 1,646 ‐323 ‐4,874 ‐4,138 ‐4,762 ‐3,799 ‐2,179 ‐8,221 ‐16,173 2007 22.2% 5.2% 4.0% 2.9% ‐0.3% ‐7.6% ‐4.7% ‐5.6% ‐4.7% ‐2.3% ‐6.5% ‐1.9%

2008 ‐3,921 ‐3,382 ‐3,779 ‐4,568 ‐3,604 ‐6,921 ‐11,780 ‐9,946 ‐9,747 ‐7,703 ‐23,580 ‐88,930 2008 ‐38.3% ‐31.5% ‐29.3% ‐14.9% ‐12.8% ‐34.8% ‐38.4% ‐20.4% ‐20.3% ‐12.1% ‐28.8% ‐23.0%

2009 ‐414 ‐455 ‐1,258 ‐1,108 ‐759 ‐8,092 ‐9,589 ‐7,536 ‐8,913 ‐6,829 ‐13,344 ‐58,297 2009 ‐0.9% ‐0.9% ‐1.5% ‐1.3% ‐0.8% ‐7.7% ‐5.6% ‐4.7% ‐5.2% ‐4.2% ‐5.6% ‐4.3%

2010 ‐777 ‐1,175 ‐2,035 ‐1,810 ‐3,920 ‐8,125 ‐6,726 ‐9,398 ‐7,504 ‐4,304 ‐16,892 ‐62,666 2010 ‐1.8% ‐1.8% ‐2.0% ‐2.0% ‐2.4% ‐6.9% ‐4.3% ‐6.5% ‐5.3% ‐2.9% ‐7.8% ‐4.5%

Average ‐200 99 ‐734 ‐1,152 ‐3,818 ‐9,673 ‐9,689 ‐7,797 ‐8,598 ‐6,846 ‐14,141 ‐62,551 Average ‐0.4% 0.2% ‐0.8% ‐1.3% ‐2.9% ‐9.8% ‐6.4% ‐5.0% ‐5.4% ‐4.2% ‐5.7% ‐4.5%
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I-2 
Hydro Generation 
Comparison 

Baseline – 2012 Water Use 

To 

Alternative 6 – 2012 Water Use with 
Union County 2050 Demand 

 

 
 

  



'UC‐Alt6_UC2050_2012' less 'UC‐Base_2012' Difference (MWh) 'UC‐Alt6_UC2050_2012' less 'UC‐Base_2012' Difference (%)

Year Bridgewater Rhodhiss Oxford Lookout Shoals Cowans Ford

Mountain 

Island Wylie Fishing Creek

Great Falls ‐ 

Dearborn

Rocky Creek ‐ 

Cedar Creek Wateree System Total Year Bridgewater Rhodhiss Oxford Lookout Shoals Cowans Ford

Mountain 

Island Wylie Fishing Creek

Great Falls ‐ 

Dearborn

Rocky Creek ‐ 

Cedar Creek Wateree System Total

1929 17 12 ‐60 0 ‐70 74 ‐108 ‐977 ‐1,071 ‐848 ‐1,151 ‐4,182 1929 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.4% ‐0.3% ‐0.3% ‐0.2%

1930 4 ‐9 ‐1 ‐22 ‐8 ‐53 ‐18 ‐1,093 ‐1,221 ‐980 ‐1,222 ‐4,624 1930 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0% ‐0.8% ‐1.0% ‐0.7% ‐0.6% ‐0.4%

1931 118 68 96 20 ‐274 ‐110 4 ‐1,031 ‐1,519 ‐1,154 ‐1,623 ‐5,406 1931 0.5% 0.2% 0.2% 0.0% ‐0.4% ‐0.2% 0.0% ‐0.8% ‐1.1% ‐0.8% ‐0.7% ‐0.5%

1932 40 172 395 15 ‐202 91 ‐42 ‐1,048 ‐1,025 ‐970 ‐1,134 ‐3,709 1932 0.1% 0.3% 0.3% 0.0% ‐0.1% 0.1% 0.0% ‐0.5% ‐0.5% ‐0.4% ‐0.3% ‐0.2%

1933 67 1,399 1,823 400 ‐102 247 87 ‐942 ‐778 ‐1,094 ‐747 360 1933 0.2% 2.4% 1.7% 0.4% ‐0.1% 0.2% 0.1% ‐0.6% ‐0.5% ‐0.6% ‐0.3% 0.0%

1934 ‐118 ‐39 ‐3 50 84 ‐32 ‐52 ‐1,014 ‐1,141 ‐993 ‐1,519 ‐4,777 1934 ‐0.3% ‐0.1% 0.0% 0.1% 0.1% 0.0% 0.0% ‐0.7% ‐0.7% ‐0.6% ‐0.6% ‐0.4%

1935 ‐111 ‐75 ‐72 ‐69 ‐166 ‐53 ‐33 ‐1,109 ‐988 ‐1,105 ‐1,688 ‐5,469 1935 ‐0.2% ‐0.1% ‐0.1% ‐0.1% ‐0.1% 0.0% 0.0% ‐0.6% ‐0.5% ‐0.6% ‐0.5% ‐0.3%

1936 37 101 44 ‐244 ‐266 ‐119 ‐247 ‐880 ‐1,054 ‐710 ‐1,097 ‐4,434 1936 0.1% 0.1% 0.0% ‐0.2% ‐0.1% ‐0.1% ‐0.1% ‐0.4% ‐0.5% ‐0.3% ‐0.3% ‐0.2%

1937 ‐43 139 817 297 1,182 135 173 ‐605 ‐492 ‐394 ‐614 595 1937 ‐0.1% 0.2% 0.7% 0.3% 0.6% 0.1% 0.1% ‐0.3% ‐0.3% ‐0.2% ‐0.2% 0.0%

1938 9 39 13 ‐4 180 126 81 ‐845 ‐1,166 ‐922 ‐1,173 ‐3,662 1938 0.0% 0.1% 0.0% 0.0% 0.2% 0.2% 0.1% ‐0.7% ‐1.1% ‐0.8% ‐0.6% ‐0.4%

1939 ‐2 ‐20 31 ‐32 ‐168 113 28 ‐1,111 ‐1,110 ‐980 ‐1,058 ‐4,311 1939 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.1% 0.0% ‐0.8% ‐0.8% ‐0.7% ‐0.5% ‐0.4%

1940 15 13 102 18 ‐46 30 67 ‐1,099 ‐871 ‐821 ‐1,006 ‐3,599 1940 0.0% 0.0% 0.2% 0.0% 0.0% 0.0% 0.1% ‐1.1% ‐0.9% ‐0.7% ‐0.6% ‐0.4%

1941 60 ‐853 ‐1,222 ‐404 508 ‐101 ‐82 ‐1,266 ‐1,379 ‐891 ‐1,886 ‐7,516 1941 0.2% ‐2.7% ‐2.1% ‐0.7% 0.6% ‐0.2% ‐0.1% ‐1.2% ‐1.4% ‐0.8% ‐1.1% ‐0.8%

1942 ‐914 ‐3,180 ‐5,369 ‐1,769 ‐396 ‐1,183 ‐776 ‐2,121 ‐1,727 ‐1,155 ‐3,877 ‐22,468 1942 ‐1.6% ‐4.7% ‐4.9% ‐1.9% ‐0.3% ‐1.2% ‐0.5% ‐1.4% ‐1.2% ‐0.8% ‐1.6% ‐1.6%

1943 216 158 163 114 47 146 205 ‐946 ‐1,116 ‐648 ‐525 ‐2,186 1943 0.5% 0.3% 0.2% 0.1% 0.0% 0.2% 0.1% ‐0.6% ‐0.7% ‐0.4% ‐0.2% ‐0.2%

1944 94 78 ‐9 113 112 ‐5 ‐765 ‐2,209 ‐2,336 ‐2,096 ‐3,014 ‐10,037 1944 0.3% 0.2% 0.0% 0.2% 0.1% 0.0% ‐0.5% ‐1.4% ‐1.5% ‐1.3% ‐1.2% ‐0.8%

1945 ‐13 ‐48 6 ‐93 ‐89 ‐14 532 ‐732 ‐508 ‐427 ‐784 ‐2,171 1945 0.0% ‐0.1% 0.0% ‐0.1% ‐0.1% 0.0% 0.4% ‐0.5% ‐0.4% ‐0.3% ‐0.4% ‐0.2%

1946 ‐161 510 764 488 ‐379 157 274 ‐715 ‐794 ‐550 ‐681 ‐1,085 1946 ‐0.3% 1.0% 0.9% 0.6% ‐0.3% 0.2% 0.2% ‐0.5% ‐0.6% ‐0.4% ‐0.3% ‐0.1%

1947 ‐2,861 ‐5,339 ‐9,895 ‐5,710 ‐9,393 ‐7,621 ‐14,222 ‐15,127 ‐13,315 ‐11,130 ‐21,404 ‐116,017 1947 ‐7.8% ‐10.6% ‐11.2% ‐7.5% ‐7.2% ‐9.5% ‐10.2% ‐10.2% ‐9.1% ‐7.4% ‐9.0% ‐9.0%

1948 ‐3,800 ‐7,463 ‐11,868 ‐2,140 ‐20,827 ‐11,585 ‐9,840 ‐8,085 ‐5,898 ‐4,516 ‐10,678 ‐96,700 1948 ‐6.5% ‐10.2% ‐9.3% ‐2.0% ‐11.5% ‐10.0% ‐5.2% ‐4.1% ‐3.0% ‐2.3% ‐3.4% ‐5.5%

1949 ‐4,357 ‐8,689 ‐13,740 ‐9,012 ‐11,701 ‐9,048 ‐21,874 ‐24,265 ‐17,428 ‐16,195 ‐36,175 ‐172,483 1949 ‐4.9% ‐9.1% ‐8.5% ‐6.6% ‐5.1% ‐6.2% ‐9.6% ‐10.6% ‐7.3% ‐7.1% ‐10.1% ‐8.1%

1950 2,288 ‐2,676 ‐1,932 2,463 5,539 6,473 8,418 5,829 5,924 5,283 9,668 47,278 1950 4.8% ‐5.0% ‐2.2% 2.9% 5.5% 8.4% 7.3% 4.7% 5.1% 4.2% 5.0% 4.2%

1951 0 0 0 12 0 ‐7 0 ‐1,118 ‐1,112 ‐969 ‐1,073 ‐4,268 1951 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐1.0% ‐1.0% ‐0.8% ‐0.6% ‐0.5%

1952 46 ‐152 ‐150 ‐121 ‐183 114 88 ‐1,003 ‐1,151 ‐901 ‐1,159 ‐4,572 1952 0.1% ‐0.3% ‐0.2% ‐0.1% ‐0.1% 0.1% 0.1% ‐0.6% ‐0.7% ‐0.6% ‐0.5% ‐0.3%

1953 44 25 ‐326 ‐54 211 ‐261 63 ‐1,272 ‐1,690 ‐1,144 ‐1,774 ‐6,176 1953 0.1% 0.1% ‐0.4% ‐0.1% 0.2% ‐0.4% 0.1% ‐1.0% ‐1.4% ‐0.9% ‐0.9% ‐0.6%

1954 ‐2 ‐24 59 46 ‐214 ‐70 ‐112 ‐1,472 ‐1,232 ‐899 ‐1,754 ‐5,672 1954 0.0% ‐0.1% 0.1% 0.1% ‐0.3% ‐0.2% ‐0.2% ‐1.6% ‐1.4% ‐0.8% ‐1.0% ‐0.7%

1955 5 2 80 237 ‐183 ‐72 ‐571 ‐1,553 ‐1,670 ‐1,272 ‐1,959 ‐6,956 1955 0.0% 0.0% 0.2% 0.5% ‐0.3% ‐0.2% ‐0.6% ‐1.7% ‐2.0% ‐1.3% ‐1.3% ‐0.9%

1956 ‐30 34 ‐104 ‐220 418 186 678 ‐501 ‐404 ‐404 ‐630 ‐977 1956 ‐0.1% 0.1% ‐0.2% ‐0.5% 0.6% 0.4% 0.8% ‐0.5% ‐0.5% ‐0.4% ‐0.4% ‐0.1%

1957 ‐11 26 80 58 47 ‐26 103 ‐851 ‐841 ‐675 ‐1,373 ‐3,462 1957 0.0% 0.0% 0.1% 0.1% 0.0% 0.0% 0.1% ‐0.5% ‐0.5% ‐0.4% ‐0.5% ‐0.2%

1958 ‐62 ‐108 ‐175 ‐95 ‐96 ‐127 ‐132 ‐421 ‐775 ‐426 ‐607 ‐3,024 1958 ‐0.1% ‐0.2% ‐0.2% ‐0.1% ‐0.1% ‐0.1% ‐0.1% ‐0.3% ‐0.5% ‐0.3% ‐0.2% ‐0.2%

1959 105 85 105 30 ‐146 140 ‐73 ‐1,089 ‐927 ‐771 ‐1,183 ‐3,723 1959 0.2% 0.1% 0.1% 0.0% ‐0.1% 0.1% 0.0% ‐0.6% ‐0.5% ‐0.4% ‐0.4% ‐0.2%

1960 61 4 28 35 ‐92 ‐22 38 ‐494 ‐424 ‐412 ‐161 ‐1,440 1960 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% ‐0.2% ‐0.2% 0.0% ‐0.1%

1961 ‐59 ‐1 8 ‐5 68 52 ‐102 ‐1,104 ‐1,165 ‐1,081 ‐1,466 ‐4,856 1961 ‐0.1% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% ‐0.6% ‐0.6% ‐0.6% ‐0.5% ‐0.3%

1962 24 64 ‐95 ‐64 60 ‐161 44 ‐1,033 ‐1,286 ‐911 ‐1,557 ‐4,915 1962 0.0% 0.1% ‐0.1% ‐0.1% 0.0% ‐0.1% 0.0% ‐0.6% ‐0.8% ‐0.5% ‐0.6% ‐0.3%

1963 113 293 234 43 ‐233 ‐144 ‐49 ‐972 ‐1,023 ‐957 ‐1,307 ‐4,003 1963 0.3% 0.7% 0.3% 0.1% ‐0.2% ‐0.2% 0.0% ‐0.7% ‐0.8% ‐0.7% ‐0.6% ‐0.3%

1964 ‐119 ‐65 46 2 152 ‐29 121 ‐726 ‐860 ‐552 ‐601 ‐2,632 1964 ‐0.2% ‐0.1% 0.0% 0.0% 0.1% 0.0% 0.1% ‐0.3% ‐0.4% ‐0.3% ‐0.2% ‐0.1%

1965 ‐1,282 ‐629 ‐921 ‐714 ‐1,255 ‐726 ‐765 ‐2,207 ‐2,415 ‐1,959 ‐2,776 ‐15,649 1965 ‐2.4% ‐0.9% ‐0.8% ‐0.7% ‐0.7% ‐0.6% ‐0.4% ‐1.2% ‐1.3% ‐1.0% ‐0.9% ‐0.9%

1966 1,299 573 925 636 1,461 621 739 ‐338 ‐493 ‐253 ‐500 4,669 1966 2.9% 1.1% 1.1% 0.8% 1.3% 0.7% 0.6% ‐0.3% ‐0.4% ‐0.2% ‐0.2% 0.4%

1967 69 86 ‐13 ‐106 56 ‐33 42 ‐981 ‐1,181 ‐945 ‐1,336 ‐4,343 1967 0.2% 0.2% 0.0% ‐0.1% 0.1% 0.0% 0.0% ‐0.7% ‐0.8% ‐0.6% ‐0.6% ‐0.4%

1968 ‐5 73 ‐31 16 ‐179 13 20 ‐631 ‐580 ‐345 ‐172 ‐1,821 1968 0.0% 0.1% 0.0% 0.0% ‐0.1% 0.0% 0.0% ‐0.4% ‐0.4% ‐0.2% ‐0.1% ‐0.1%

1969 ‐26 ‐8 13 ‐56 36 ‐28 ‐98 ‐1,230 ‐1,693 ‐1,337 ‐1,730 ‐6,157 1969 0.0% 0.0% 0.0% ‐0.1% 0.0% 0.0% ‐0.1% ‐0.8% ‐1.0% ‐0.8% ‐0.7% ‐0.4%

1970 ‐74 ‐146 ‐197 ‐101 ‐137 ‐191 ‐27 ‐1,210 ‐1,328 ‐881 ‐807 ‐5,100 1970 ‐0.2% ‐0.2% ‐0.2% ‐0.1% ‐0.1% ‐0.2% 0.0% ‐0.7% ‐0.8% ‐0.5% ‐0.3% ‐0.3%

1971 123 154 230 271 26 63 158 ‐888 ‐1,058 ‐766 ‐1,155 ‐2,844 1971 0.2% 0.2% 0.2% 0.3% 0.0% 0.1% 0.1% ‐0.5% ‐0.5% ‐0.4% ‐0.4% ‐0.2%

1972 0 0 0 0 0 ‐1 0 ‐992 ‐1,124 ‐1,006 ‐1,575 ‐4,698 1972 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.6% ‐0.5% ‐0.6% ‐0.3%

1973 0 0 0 0 0 0 0 ‐955 ‐1,101 ‐853 ‐1,138 ‐4,047 1973 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.5% ‐0.4% ‐0.3% ‐0.2%

1974 0 0 0 0 0 0 0 ‐1,010 ‐1,142 ‐926 ‐1,249 ‐4,327 1974 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.4% ‐0.3%

1975 0 0 0 0 ‐22 0 1 ‐881 ‐1,116 ‐876 ‐1,295 ‐4,190 1975 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.4% ‐0.4% ‐0.4% ‐0.2%

1976 0 0 0 0 0 0 0 ‐1,012 ‐1,176 ‐924 ‐1,264 ‐4,376 1976 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.6% ‐0.5% ‐0.4% ‐0.3%

1977 0 0 0 22 22 17 0 ‐1,019 ‐1,215 ‐889 ‐1,127 ‐4,188 1977 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.7% ‐0.5% ‐0.5% ‐0.3%

1978 0 0 0 0 0 0 0 ‐1,003 ‐1,107 ‐882 ‐1,228 ‐4,220 1978 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.6% ‐0.5% ‐0.5% ‐0.3%

1979 0 0 0 0 0 0 0 ‐881 ‐1,010 ‐815 ‐1,097 ‐3,803 1979 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐0.3% ‐0.3% ‐0.3% ‐0.2%

1980 0 0 0 0 ‐2 ‐1 0 ‐996 ‐1,139 ‐905 ‐1,202 ‐4,245 1980 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.6% ‐0.5% ‐0.4% ‐0.3%

1981 0 36 46 17 ‐6 11 1 ‐1,091 ‐1,133 ‐911 ‐1,329 ‐4,358 1981 0.0% 0.2% 0.1% 0.0% 0.0% 0.0% 0.0% ‐1.0% ‐1.2% ‐0.8% ‐0.8% ‐0.5%

1982 0 0 0 0 0 12 0 ‐1,051 ‐1,079 ‐900 ‐1,156 ‐4,174 1982 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐0.7% ‐0.6% ‐0.5% ‐0.3%

1983 0 0 0 0 0 ‐3 0 ‐989 ‐1,074 ‐840 ‐1,128 ‐4,034 1983 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.5% ‐0.4% ‐0.4% ‐0.2%

1984 ‐85 ‐26 ‐49 ‐33 49 99 ‐45 ‐660 ‐620 ‐547 ‐743 ‐2,662 1984 ‐0.1% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% ‐0.3% ‐0.3% ‐0.3% ‐0.2% ‐0.1%

1985 76 ‐213 ‐251 ‐82 ‐352 71 ‐103 ‐1,558 ‐1,511 ‐1,203 ‐1,535 ‐6,661 1985 0.2% ‐0.5% ‐0.3% ‐0.1% ‐0.3% 0.1% ‐0.1% ‐1.1% ‐1.1% ‐0.9% ‐0.7% ‐0.6%

1986 ‐50 35 ‐2 ‐224 167 ‐11 ‐39 ‐1,102 ‐1,135 ‐925 ‐964 ‐4,250 1986 ‐0.2% 0.1% 0.0% ‐0.4% 0.2% 0.0% 0.0% ‐1.0% ‐1.3% ‐0.9% ‐0.6% ‐0.5%

1987 18 ‐45 ‐98 ‐181 128 ‐75 ‐76 ‐798 ‐921 ‐630 ‐922 ‐3,600 1987 0.0% ‐0.1% ‐0.1% ‐0.2% 0.1% ‐0.1% ‐0.1% ‐0.5% ‐0.6% ‐0.4% ‐0.4% ‐0.2%

1988 ‐22 9 ‐355 ‐24 48 ‐5 124 ‐1,208 ‐1,109 ‐959 ‐1,520 ‐5,018 1988 ‐0.2% 0.0% ‐0.7% 0.0% 0.1% 0.0% 0.2% ‐1.5% ‐1.7% ‐1.1% ‐1.2% ‐0.7%

1989 ‐69 35 92 83 ‐217 ‐113 ‐100 ‐702 ‐650 ‐571 ‐750 ‐2,961 1989 ‐0.1% 0.0% 0.1% 0.1% ‐0.1% ‐0.1% ‐0.1% ‐0.4% ‐0.3% ‐0.3% ‐0.2% ‐0.2%

1990 ‐18 36 51 101 82 98 ‐1,043 ‐1,226 ‐1,469 ‐1,333 ‐1,986 ‐6,709 1990 0.0% 0.0% 0.0% 0.1% 0.0% 0.1% ‐0.5% ‐0.6% ‐0.7% ‐0.7% ‐0.6% ‐0.3%

1991 15 ‐1 ‐40 9 ‐268 18 329 ‐543 ‐248 ‐610 ‐1,692 ‐3,029 1991 0.0% 0.0% 0.0% 0.0% ‐0.2% 0.0% 0.2% ‐0.3% ‐0.1% ‐0.3% ‐0.6% ‐0.2%

1992 17 39 237 95 ‐9 ‐56 66 ‐832 ‐1,124 ‐880 ‐1,300 ‐3,746 1992 0.0% 0.0% 0.2% 0.1% 0.0% 0.0% 0.0% ‐0.4% ‐0.6% ‐0.4% ‐0.4% ‐0.2%

1993 85 82 138 127 240 51 263 ‐341 ‐516 68 1,278 1,474 1993 0.1% 0.1% 0.1% 0.1% 0.1% 0.0% 0.1% ‐0.2% ‐0.3% 0.0% 0.5% 0.1%

1994 ‐57 ‐18 ‐146 ‐155 ‐172 ‐100 ‐106 ‐875 ‐1,005 ‐697 ‐1,510 ‐4,841 1994 ‐0.1% 0.0% ‐0.1% ‐0.2% ‐0.1% ‐0.1% ‐0.1% ‐0.5% ‐0.6% ‐0.4% ‐0.6% ‐0.3%

1995 ‐78 ‐62 ‐70 ‐61 ‐55 ‐88 ‐35 ‐1,071 ‐1,257 ‐1,151 ‐1,248 ‐5,176 1995 ‐0.1% ‐0.1% ‐0.1% ‐0.1% 0.0% ‐0.1% 0.0% ‐0.6% ‐0.6% ‐0.6% ‐0.4% ‐0.3%

1996 1 ‐20 ‐34 ‐56 280 ‐80 22 ‐561 ‐537 ‐592 ‐625 ‐2,200 1996 0.0% 0.0% 0.0% ‐0.1% 0.2% ‐0.1% 0.0% ‐0.3% ‐0.3% ‐0.4% ‐0.3% ‐0.1%

1997 22 22 35 ‐37 11 ‐62 ‐56 ‐1,516 ‐1,293 ‐1,108 ‐1,517 ‐5,501 1997 0.1% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0% ‐1.0% ‐0.9% ‐0.7% ‐0.6% ‐0.4%

1998 ‐181 ‐87 ‐42 ‐81 ‐202 30 194 ‐1,083 ‐1,431 ‐1,074 ‐1,032 ‐4,988 1998 ‐0.3% ‐0.1% 0.0% ‐0.1% ‐0.1% 0.0% 0.1% ‐0.6% ‐0.7% ‐0.6% ‐0.4% ‐0.3%

1999 138 21 342 166 368 355 315 ‐1,299 ‐1,351 ‐447 ‐1,251 ‐2,643 1999 0.8% 0.1% 0.6% 0.3% 0.5% 0.9% 0.4% ‐1.8% ‐2.2% ‐0.6% ‐1.0% ‐0.4%

2000 0 0 0 0 ‐10 ‐66 ‐156 ‐1,390 ‐1,671 ‐984 ‐1,473 ‐5,750 2000 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.2% ‐0.2% ‐1.7% ‐2.3% ‐1.2% ‐1.1% ‐0.9%

2001 0 0 62 ‐2 254 ‐9 2 ‐1,288 ‐1,456 ‐776 ‐1,028 ‐4,241 2001 0.0% 0.0% 0.2% 0.0% 0.6% 0.0% 0.0% ‐2.1% ‐3.5% ‐1.3% ‐1.1% ‐0.8%

2002 ‐27 113 265 54 1,045 182 23 ‐1,139 ‐1,670 ‐892 ‐1,553 ‐3,599 2002 ‐0.2% 0.5% 0.7% 0.1% 2.4% 0.6% 0.0% ‐1.9% ‐3.6% ‐1.3% ‐1.5% ‐0.7%

2003 ‐13 ‐109 6 ‐35 ‐174 ‐19 ‐163 ‐1,022 ‐1,329 ‐951 ‐1,383 ‐5,192 2003 0.0% ‐0.1% 0.0% 0.0% ‐0.1% 0.0% ‐0.1% ‐0.4% ‐0.5% ‐0.4% ‐0.4% ‐0.2%

2004 ‐2 30 80 21 27 56 5 ‐1,050 ‐1,282 ‐775 ‐1,015 ‐3,904 2004 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐0.8% ‐0.5% ‐0.5% ‐0.3%

2005 187 ‐373 ‐428 76 720 282 307 ‐994 ‐1,672 ‐937 ‐1,035 ‐3,865 2005 0.3% ‐0.5% ‐0.4% 0.1% 0.4% 0.2% 0.2% ‐0.6% ‐1.0% ‐0.6% ‐0.4% ‐0.2%

2006 ‐8 ‐4 ‐9 ‐15 ‐474 ‐306 ‐82 ‐1,673 ‐1,325 ‐1,353 ‐1,878 ‐7,127 2006 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.4% ‐0.1% ‐1.3% ‐1.0% ‐1.0% ‐1.0% ‐0.6%

2007 0 49 22 9 57 33 3 ‐595 ‐1,218 ‐784 ‐534 ‐2,958 2007 0.0% 0.1% 0.0% 0.0% 0.1% 0.1% 0.0% ‐0.7% ‐1.5% ‐0.8% ‐0.4% ‐0.4%

2008 0 0 0 0 85 35 ‐24 ‐1,045 ‐865 ‐916 ‐3,502 ‐6,232 2008 0.0% 0.0% 0.0% 0.0% 0.3% 0.2% ‐0.1% ‐2.1% ‐1.8% ‐1.4% ‐4.3% ‐1.6%

2009 0 15 9 16 0 0 1 ‐1,032 ‐1,442 ‐764 ‐1,118 ‐4,314 2009 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.8% ‐0.5% ‐0.5% ‐0.3%

2010 43 ‐169 ‐96 49 ‐53 ‐286 ‐1 ‐942 ‐1,044 ‐508 ‐1,204 ‐4,211 2010 0.1% ‐0.3% ‐0.1% 0.1% 0.0% ‐0.2% 0.0% ‐0.6% ‐0.7% ‐0.3% ‐0.6% ‐0.3%

Average ‐112 ‐317 ‐492 ‐193 ‐427 ‐280 ‐468 ‐1,487 ‐1,450 ‐1,149 ‐1,906 ‐8,281 Average ‐0.2% ‐0.5% ‐0.5% ‐0.2% ‐0.3% ‐0.3% ‐0.3% ‐0.9% ‐0.9% ‐0.7% ‐0.8% ‐0.6%
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I-3 
Hydro Generation 
Comparison 

Baseline – 2012 Water Use 

To 

Alternative 7 – 2012 Water Use with 
Union County 2050 Demand 

 

 
 

  



'UC‐Alt7_UC2050_2012' less 'UC‐Base_2012' Difference (MWh) 'UC‐Alt7_UC2050_2012' less 'UC‐Base_2012' Difference (%)

Year Bridgewater Rhodhiss Oxford Lookout Shoals Cowans Ford

Mountain 

Island Wylie Fishing Creek

Great Falls ‐ 

Dearborn

Rocky Creek ‐ 

Cedar Creek Wateree System Total Year Bridgewater Rhodhiss Oxford Lookout Shoals Cowans Ford

Mountain 

Island Wylie Fishing Creek

Great Falls ‐ 

Dearborn

Rocky Creek ‐ 

Cedar Creek Wateree System Total

1929 ‐127 ‐30 ‐150 ‐100 ‐200 ‐721 ‐515 ‐1,409 ‐1,226 ‐952 ‐1,409 ‐6,840 1929 ‐0.2% 0.0% ‐0.1% ‐0.1% ‐0.1% ‐0.5% ‐0.2% ‐0.6% ‐0.5% ‐0.4% ‐0.4% ‐0.3%

1930 ‐179 192 226 ‐55 ‐146 ‐653 ‐736 ‐843 ‐967 ‐908 ‐1,115 ‐5,184 1930 ‐0.8% 0.5% 0.3% ‐0.1% ‐0.1% ‐0.9% ‐0.6% ‐0.6% ‐0.8% ‐0.6% ‐0.5% ‐0.5%

1931 208 154 664 136 1,054 ‐384 ‐691 ‐813 ‐1,008 ‐965 ‐1,340 ‐2,985 1931 0.9% 0.5% 1.1% 0.2% 1.4% ‐0.6% ‐0.5% ‐0.6% ‐0.7% ‐0.6% ‐0.6% ‐0.3%

1932 25 21 197 ‐14 ‐364 ‐819 ‐763 ‐827 ‐904 ‐812 ‐882 ‐5,142 1932 0.1% 0.0% 0.2% 0.0% ‐0.2% ‐0.7% ‐0.4% ‐0.4% ‐0.4% ‐0.4% ‐0.3% ‐0.3%

1933 99 1,390 1,899 421 ‐13 ‐528 ‐616 ‐789 ‐785 ‐1,019 ‐846 ‐785 1933 0.2% 2.4% 1.7% 0.4% 0.0% ‐0.5% ‐0.4% ‐0.5% ‐0.5% ‐0.6% ‐0.3% ‐0.1%

1934 ‐118 ‐39 2 1 147 ‐949 ‐1,038 ‐869 ‐1,350 ‐1,137 ‐1,746 ‐7,095 1934 ‐0.3% ‐0.1% 0.0% 0.0% 0.1% ‐1.1% ‐0.7% ‐0.6% ‐0.9% ‐0.7% ‐0.7% ‐0.5%

1935 4 ‐14 3 38 82 ‐810 ‐755 ‐1,083 ‐929 ‐795 ‐1,303 ‐5,562 1935 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.4% ‐0.6% ‐0.5% ‐0.4% ‐0.4% ‐0.3%

1936 ‐35 390 188 200 ‐48 ‐679 ‐846 ‐736 ‐1,133 ‐915 ‐1,013 ‐4,627 1936 ‐0.1% 0.5% 0.1% 0.2% 0.0% ‐0.5% ‐0.4% ‐0.4% ‐0.5% ‐0.4% ‐0.3% ‐0.2%

1937 4 466 797 217 1,479 ‐822 ‐496 ‐545 ‐879 ‐464 ‐736 ‐978 1937 0.0% 0.6% 0.6% 0.2% 0.8% ‐0.7% ‐0.3% ‐0.3% ‐0.5% ‐0.2% ‐0.2% ‐0.1%

1938 ‐15 98 118 ‐16 228 ‐516 ‐711 ‐924 ‐1,149 ‐1,027 ‐1,485 ‐5,398 1938 0.0% 0.2% 0.2% 0.0% 0.3% ‐0.7% ‐0.6% ‐0.8% ‐1.1% ‐0.8% ‐0.8% ‐0.5%

1939 164 245 183 ‐35 34 ‐506 ‐730 ‐880 ‐976 ‐735 ‐1,061 ‐4,297 1939 0.4% 0.5% 0.2% 0.0% 0.0% ‐0.6% ‐0.6% ‐0.7% ‐0.7% ‐0.5% ‐0.5% ‐0.4%

1940 ‐15 141 317 347 ‐70 ‐645 ‐495 ‐820 ‐653 ‐580 ‐686 ‐3,158 1940 0.0% 0.4% 0.5% 0.6% ‐0.1% ‐1.0% ‐0.5% ‐0.8% ‐0.7% ‐0.5% ‐0.4% ‐0.3%

1941 7 276 942 355 631 ‐532 ‐518 ‐803 ‐1,000 ‐856 ‐792 ‐2,288 1941 0.0% 0.9% 1.6% 0.6% 0.7% ‐0.9% ‐0.5% ‐0.8% ‐1.1% ‐0.8% ‐0.5% ‐0.3%

1942 ‐176 ‐14 152 21 ‐196 ‐1,028 ‐861 ‐898 ‐926 ‐753 ‐444 ‐5,123 1942 ‐0.3% 0.0% 0.1% 0.0% ‐0.1% ‐1.1% ‐0.6% ‐0.6% ‐0.6% ‐0.5% ‐0.2% ‐0.4%

1943 271 164 221 11 ‐24 ‐959 ‐639 ‐1,088 ‐1,123 ‐975 ‐879 ‐5,020 1943 0.6% 0.3% 0.2% 0.0% 0.0% ‐1.0% ‐0.4% ‐0.7% ‐0.7% ‐0.6% ‐0.3% ‐0.4%

1944 ‐3 50 ‐29 30 ‐21 ‐692 ‐870 ‐942 ‐901 ‐1,085 ‐1,121 ‐5,584 1944 0.0% 0.1% 0.0% 0.0% 0.0% ‐0.9% ‐0.6% ‐0.6% ‐0.6% ‐0.7% ‐0.4% ‐0.4%

1945 ‐14 718 943 352 267 ‐781 ‐677 ‐598 ‐669 ‐660 ‐41 ‐1,161 1945 0.0% 1.4% 1.1% 0.5% 0.2% ‐1.0% ‐0.5% ‐0.4% ‐0.5% ‐0.5% 0.0% ‐0.1%

1946 132 444 289 132 ‐308 ‐697 ‐630 ‐700 ‐923 ‐701 ‐901 ‐3,863 1946 0.3% 0.9% 0.3% 0.2% ‐0.2% ‐0.9% ‐0.5% ‐0.5% ‐0.7% ‐0.5% ‐0.4% ‐0.3%

1947 ‐45 199 638 192 637 ‐635 ‐687 ‐807 ‐918 ‐737 ‐1,717 ‐3,879 1947 ‐0.1% 0.4% 0.7% 0.3% 0.5% ‐0.8% ‐0.5% ‐0.5% ‐0.6% ‐0.5% ‐0.7% ‐0.3%

1948 46 21 23 5 28 ‐820 ‐784 ‐730 ‐1,253 ‐865 ‐2,094 ‐6,424 1948 0.1% 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐0.4% ‐0.4% ‐0.6% ‐0.4% ‐0.7% ‐0.4%

1949 ‐36 27 33 1 ‐258 ‐744 ‐1,199 ‐424 ‐467 ‐801 ‐1,540 ‐5,409 1949 0.0% 0.0% 0.0% 0.0% ‐0.1% ‐0.5% ‐0.5% ‐0.2% ‐0.2% ‐0.4% ‐0.4% ‐0.3%

1950 ‐231 176 113 ‐65 1,087 ‐399 ‐832 ‐924 ‐1,307 ‐891 ‐1,279 ‐4,551 1950 ‐0.5% 0.3% 0.1% ‐0.1% 1.1% ‐0.5% ‐0.7% ‐0.7% ‐1.1% ‐0.7% ‐0.7% ‐0.4%

1951 0 0 0 0 ‐2 ‐506 ‐775 ‐962 ‐1,065 ‐878 ‐1,114 ‐5,301 1951 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.9% ‐0.7% ‐0.8% ‐1.0% ‐0.7% ‐0.6% ‐0.6%

1952 96 46 53 119 ‐25 ‐666 ‐767 ‐833 ‐981 ‐802 ‐946 ‐4,706 1952 0.2% 0.1% 0.1% 0.1% 0.0% ‐0.7% ‐0.5% ‐0.5% ‐0.6% ‐0.5% ‐0.4% ‐0.3%

1953 43 ‐139 ‐121 ‐102 947 ‐416 ‐355 ‐476 ‐513 ‐518 ‐950 ‐2,600 1953 0.1% ‐0.3% ‐0.2% ‐0.1% 0.9% ‐0.6% ‐0.3% ‐0.4% ‐0.4% ‐0.4% ‐0.5% ‐0.2%

1954 41 430 560 249 719 ‐325 ‐262 ‐359 ‐476 ‐378 ‐572 ‐373 1954 0.3% 1.6% 1.2% 0.5% 0.9% ‐0.7% ‐0.4% ‐0.4% ‐0.5% ‐0.3% ‐0.3% 0.0%

1955 ‐54 94 37 170 98 ‐716 ‐1,706 ‐2,049 ‐2,108 ‐1,692 ‐2,415 ‐10,342 1955 ‐0.2% 0.4% 0.1% 0.3% 0.2% ‐1.5% ‐1.9% ‐2.3% ‐2.5% ‐1.7% ‐1.6% ‐1.4%

1956 1,528 1,152 2,162 902 447 ‐474 ‐137 ‐459 ‐557 ‐443 ‐446 3,675 1956 7.5% 4.0% 4.7% 1.9% 0.6% ‐1.1% ‐0.2% ‐0.5% ‐0.7% ‐0.5% ‐0.3% 0.5%

1957 ‐371 89 383 ‐112 ‐853 ‐1,180 ‐368 ‐430 ‐375 ‐302 ‐614 ‐4,133 1957 ‐0.6% 0.1% 0.3% ‐0.1% ‐0.5% ‐1.0% ‐0.2% ‐0.3% ‐0.2% ‐0.2% ‐0.2% ‐0.3%

1958 ‐1 68 139 ‐85 ‐6 ‐792 ‐880 ‐840 ‐936 ‐686 ‐681 ‐4,701 1958 0.0% 0.1% 0.1% ‐0.1% 0.0% ‐0.7% ‐0.6% ‐0.5% ‐0.6% ‐0.4% ‐0.3% ‐0.3%

1959 23 87 99 3 ‐203 ‐1,022 ‐759 ‐1,080 ‐1,336 ‐1,059 ‐1,305 ‐6,553 1959 0.0% 0.1% 0.1% 0.0% ‐0.1% ‐1.0% ‐0.5% ‐0.6% ‐0.7% ‐0.6% ‐0.5% ‐0.4%

1960 292 288 494 174 ‐396 ‐922 ‐705 ‐861 ‐733 ‐571 ‐654 ‐3,595 1960 0.4% 0.4% 0.4% 0.2% ‐0.2% ‐0.7% ‐0.3% ‐0.4% ‐0.3% ‐0.3% ‐0.2% ‐0.2%

1961 ‐254 64 ‐226 ‐82 ‐160 ‐858 ‐815 ‐1,032 ‐1,167 ‐905 ‐1,232 ‐6,668 1961 ‐0.5% 0.1% ‐0.2% ‐0.1% ‐0.1% ‐0.8% ‐0.5% ‐0.6% ‐0.6% ‐0.5% ‐0.4% ‐0.4%

1962 511 19 ‐54 ‐17 771 ‐810 ‐657 ‐799 ‐1,131 ‐838 ‐779 ‐3,785 1962 0.9% 0.0% 0.0% 0.0% 0.5% ‐0.8% ‐0.4% ‐0.5% ‐0.7% ‐0.5% ‐0.3% ‐0.2%

1963 115 240 155 31 ‐259 ‐1,118 ‐918 ‐996 ‐1,226 ‐964 ‐1,377 ‐6,317 1963 0.3% 0.5% 0.2% 0.0% ‐0.2% ‐1.4% ‐0.8% ‐0.8% ‐1.0% ‐0.7% ‐0.7% ‐0.6%

1964 ‐132 ‐50 ‐114 ‐34 34 ‐677 ‐598 ‐965 ‐1,436 ‐1,059 ‐1,776 ‐6,809 1964 ‐0.2% ‐0.1% ‐0.1% 0.0% 0.0% ‐0.5% ‐0.3% ‐0.5% ‐0.6% ‐0.5% ‐0.5% ‐0.3%

1965 ‐1,275 ‐591 ‐958 ‐826 ‐786 ‐1,484 ‐1,328 ‐1,819 ‐1,988 ‐1,553 ‐2,732 ‐15,338 1965 ‐2.4% ‐0.8% ‐0.8% ‐0.8% ‐0.4% ‐1.2% ‐0.8% ‐1.0% ‐1.0% ‐0.8% ‐0.9% ‐0.9%

1966 1,284 595 980 662 1,363 24 ‐315 ‐294 ‐497 ‐197 ‐551 3,054 1966 2.9% 1.1% 1.2% 0.8% 1.2% 0.0% ‐0.3% ‐0.2% ‐0.4% ‐0.1% ‐0.3% 0.3%

1967 68 87 ‐13 ‐106 33 ‐506 ‐754 ‐889 ‐1,134 ‐903 ‐1,211 ‐5,328 1967 0.2% 0.2% 0.0% ‐0.1% 0.0% ‐0.7% ‐0.6% ‐0.6% ‐0.8% ‐0.6% ‐0.5% ‐0.5%

1968 ‐13 68 ‐91 73 101 ‐779 ‐790 ‐235 ‐147 35 54 ‐1,723 1968 0.0% 0.1% ‐0.1% 0.1% 0.1% ‐0.8% ‐0.5% ‐0.2% ‐0.1% 0.0% 0.0% ‐0.1%

1969 473 319 821 103 ‐133 ‐725 ‐875 ‐571 ‐1,255 ‐861 ‐763 ‐3,466 1969 0.9% 0.5% 0.7% 0.1% ‐0.1% ‐0.7% ‐0.6% ‐0.4% ‐0.8% ‐0.5% ‐0.3% ‐0.2%

1970 ‐115 ‐87 ‐134 ‐80 ‐81 ‐653 ‐632 ‐732 ‐833 ‐527 ‐579 ‐4,454 1970 ‐0.3% ‐0.1% ‐0.1% ‐0.1% 0.0% ‐0.6% ‐0.4% ‐0.4% ‐0.5% ‐0.3% ‐0.2% ‐0.3%

1971 247 352 344 379 14 ‐701 ‐714 ‐805 ‐1,147 ‐893 ‐1,098 ‐4,022 1971 0.5% 0.5% 0.3% 0.4% 0.0% ‐0.6% ‐0.4% ‐0.4% ‐0.6% ‐0.5% ‐0.4% ‐0.2%

1972 17 34 ‐24 6 ‐121 ‐606 ‐760 ‐841 ‐975 ‐678 ‐1,203 ‐5,151 1972 0.0% 0.1% 0.0% 0.0% ‐0.1% ‐0.6% ‐0.4% ‐0.5% ‐0.5% ‐0.4% ‐0.4% ‐0.3%

1973 0 0 0 0 1 ‐863 ‐747 ‐874 ‐1,018 ‐800 ‐1,072 ‐5,374 1973 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.4% ‐0.4% ‐0.4% ‐0.4% ‐0.3% ‐0.3%

1974 0 0 0 0 0 ‐759 ‐797 ‐925 ‐1,080 ‐865 ‐1,272 ‐5,697 1974 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.4% ‐0.5% ‐0.5% ‐0.4% ‐0.4% ‐0.3%

1975 0 0 0 0 ‐22 ‐944 ‐736 ‐814 ‐992 ‐788 ‐1,135 ‐5,431 1975 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐0.3% ‐0.4% ‐0.4% ‐0.3% ‐0.3% ‐0.3%

1976 0 0 0 0 0 ‐769 ‐793 ‐914 ‐1,103 ‐865 ‐1,313 ‐5,757 1976 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.8% ‐0.5% ‐0.5% ‐0.6% ‐0.5% ‐0.5% ‐0.4%

1977 0 0 0 0 15 ‐661 ‐758 ‐903 ‐1,016 ‐832 ‐1,137 ‐5,291 1977 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐0.5% ‐0.6% ‐0.6% ‐0.5% ‐0.5% ‐0.4%

1978 0 0 0 0 0 ‐629 ‐758 ‐884 ‐1,054 ‐846 ‐1,163 ‐5,334 1978 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐0.5% ‐0.5% ‐0.6% ‐0.5% ‐0.5% ‐0.4%

1979 0 0 0 0 1 ‐965 ‐744 ‐823 ‐962 ‐771 ‐1,117 ‐5,381 1979 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.3% ‐0.3% ‐0.3% ‐0.3% ‐0.3% ‐0.2%

1980 0 0 0 0 ‐1 ‐480 ‐756 ‐898 ‐1,030 ‐823 ‐1,186 ‐5,173 1980 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.6% ‐0.5% ‐0.4% ‐0.4%

1981 ‐6 27 ‐8 ‐61 407 ‐456 ‐806 ‐959 ‐1,064 ‐852 ‐1,274 ‐5,053 1981 0.0% 0.1% 0.0% ‐0.1% 1.2% ‐0.9% ‐0.9% ‐0.9% ‐1.1% ‐0.8% ‐0.7% ‐0.6%

1982 0 0 0 0 1 ‐730 ‐775 ‐914 ‐1,070 ‐872 ‐1,260 ‐5,621 1982 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.9% ‐0.5% ‐0.6% ‐0.7% ‐0.5% ‐0.5% ‐0.5%

1983 0 0 0 0 1 ‐658 ‐769 ‐892 ‐998 ‐810 ‐1,087 ‐5,214 1983 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.4% ‐0.4% ‐0.5% ‐0.4% ‐0.4% ‐0.3%

1984 ‐118 ‐31 ‐56 ‐135 ‐270 ‐459 ‐825 ‐610 ‐351 ‐459 ‐701 ‐4,016 1984 ‐0.2% 0.0% 0.0% ‐0.1% ‐0.1% ‐0.3% ‐0.4% ‐0.3% ‐0.2% ‐0.2% ‐0.2% ‐0.2%

1985 75 165 246 156 668 ‐653 ‐701 ‐840 ‐1,080 ‐953 ‐1,497 ‐4,415 1985 0.2% 0.4% 0.3% 0.2% 0.6% ‐0.8% ‐0.6% ‐0.6% ‐0.8% ‐0.7% ‐0.7% ‐0.4%

1986 0 95 383 189 166 ‐924 ‐883 ‐1,003 ‐1,054 ‐781 ‐1,220 ‐5,031 1986 0.0% 0.3% 0.6% 0.3% 0.2% ‐1.4% ‐0.9% ‐1.0% ‐1.2% ‐0.7% ‐0.8% ‐0.6%

1987 28 ‐11 45 116 188 ‐710 ‐672 ‐447 ‐515 ‐605 ‐909 ‐3,493 1987 0.1% 0.0% 0.0% 0.1% 0.1% ‐0.7% ‐0.4% ‐0.3% ‐0.3% ‐0.4% ‐0.4% ‐0.2%

1988 ‐484 ‐2,879 ‐7,677 ‐3,236 ‐7,772 ‐4,484 ‐5,666 ‐6,846 ‐4,786 ‐4,564 ‐9,109 ‐57,504 1988 ‐3.4% ‐10.1% ‐15.5% ‐6.7% ‐11.0% ‐10.9% ‐8.4% ‐8.3% ‐7.3% ‐5.3% ‐7.3% ‐8.5%

1989 ‐1 ‐2 3 ‐14 ‐586 208 3,159 3,270 3,100 2,414 3,482 15,034 1989 0.0% 0.0% 0.0% 0.0% ‐0.3% 0.2% 1.7% 1.6% 1.5% 1.2% 1.1% 0.8%

1990 ‐12 34 29 28 0 ‐795 ‐1,100 ‐1,336 ‐1,455 ‐1,371 ‐1,813 ‐7,790 1990 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.5% ‐0.6% ‐0.7% ‐0.7% ‐0.6% ‐0.4%

1991 ‐37 8 2 1 213 ‐622 ‐371 ‐452 ‐279 ‐331 ‐1,241 ‐3,108 1991 ‐0.1% 0.0% 0.0% 0.0% 0.1% ‐0.5% ‐0.2% ‐0.3% ‐0.2% ‐0.2% ‐0.5% ‐0.2%

1992 14 20 209 104 ‐271 ‐1,020 ‐822 ‐999 ‐1,253 ‐1,215 ‐1,648 ‐6,880 1992 0.0% 0.0% 0.1% 0.1% ‐0.1% ‐0.8% ‐0.4% ‐0.5% ‐0.6% ‐0.6% ‐0.5% ‐0.4%

1993 ‐70 11 6 29 89 ‐1,113 ‐743 ‐728 ‐730 ‐412 ‐570 ‐4,231 1993 ‐0.1% 0.0% 0.0% 0.0% 0.0% ‐0.9% ‐0.4% ‐0.4% ‐0.4% ‐0.2% ‐0.2% ‐0.3%

1994 61 46 ‐43 ‐29 105 ‐791 ‐595 ‐723 ‐713 ‐661 ‐1,345 ‐4,686 1994 0.1% 0.1% 0.0% 0.0% 0.1% ‐0.7% ‐0.4% ‐0.4% ‐0.4% ‐0.4% ‐0.5% ‐0.3%

1995 13 ‐75 3 ‐24 42 ‐981 ‐1,190 ‐1,066 ‐1,027 ‐697 ‐610 ‐5,611 1995 0.0% ‐0.1% 0.0% 0.0% 0.0% ‐0.7% ‐0.6% ‐0.6% ‐0.5% ‐0.4% ‐0.2% ‐0.3%

1996 10 ‐17 3 ‐12 ‐54 ‐990 ‐787 ‐477 ‐561 ‐390 ‐571 ‐3,845 1996 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.9% ‐0.5% ‐0.3% ‐0.3% ‐0.2% ‐0.2% ‐0.3%

1997 77 70 129 ‐54 ‐2 ‐633 ‐722 ‐1,148 ‐1,285 ‐1,095 ‐1,569 ‐6,233 1997 0.2% 0.1% 0.1% ‐0.1% 0.0% ‐0.7% ‐0.5% ‐0.7% ‐0.8% ‐0.7% ‐0.7% ‐0.5%

1998 ‐155 282 607 153 ‐439 ‐821 ‐733 ‐1,206 ‐1,395 ‐804 ‐1,539 ‐6,049 1998 ‐0.3% 0.4% 0.5% 0.1% ‐0.2% ‐0.7% ‐0.4% ‐0.7% ‐0.7% ‐0.4% ‐0.5% ‐0.4%

1999 122 256 130 120 223 ‐408 ‐352 ‐471 ‐658 ‐263 ‐980 ‐2,281 1999 0.7% 0.8% 0.2% 0.2% 0.3% ‐1.0% ‐0.5% ‐0.6% ‐1.1% ‐0.3% ‐0.8% ‐0.3%

2000 ‐23 308 269 442 1,190 ‐491 ‐661 ‐948 ‐1,196 ‐877 ‐1,189 ‐3,175 2000 ‐0.1% 1.3% 0.8% 0.9% 3.2% ‐1.3% ‐0.8% ‐1.2% ‐1.6% ‐1.0% ‐0.9% ‐0.5%

2001 ‐10 601 1,054 141 2,316 238 ‐501 ‐757 ‐977 ‐712 ‐564 828 2001 ‐0.1% 2.9% 3.3% 0.4% 5.5% 0.7% ‐0.8% ‐1.2% ‐2.4% ‐1.2% ‐0.6% 0.2%

2002 ‐43 486 450 473 2,584 ‐1,071 ‐1,503 ‐1,571 ‐1,810 ‐1,248 ‐2,245 ‐5,499 2002 ‐0.3% 2.0% 1.2% 1.1% 5.9% ‐3.4% ‐2.6% ‐2.6% ‐3.9% ‐1.8% ‐2.2% ‐1.0%

2003 ‐12 ‐166 9 ‐81 ‐57 ‐797 ‐856 ‐1,643 ‐1,995 ‐1,653 ‐2,040 ‐9,292 2003 0.0% ‐0.2% 0.0% ‐0.1% 0.0% ‐0.5% ‐0.3% ‐0.7% ‐0.8% ‐0.7% ‐0.6% ‐0.4%

2004 0 4 39 16 ‐34 ‐732 ‐694 ‐698 ‐1,163 ‐787 ‐214 ‐4,263 2004 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.4% ‐0.4% ‐0.8% ‐0.5% ‐0.1% ‐0.3%

2005 138 ‐271 ‐344 59 88 ‐379 ‐415 ‐838 ‐1,121 ‐818 ‐1,243 ‐5,145 2005 0.2% ‐0.4% ‐0.3% 0.1% 0.0% ‐0.3% ‐0.2% ‐0.5% ‐0.7% ‐0.5% ‐0.5% ‐0.3%

2006 ‐7 1 ‐6 ‐26 ‐345 ‐908 ‐792 ‐1,099 ‐1,070 ‐1,053 ‐1,391 ‐6,696 2006 0.0% 0.0% 0.0% 0.0% ‐0.3% ‐1.0% ‐0.6% ‐0.9% ‐0.8% ‐0.8% ‐0.7% ‐0.6%

2007 ‐17 285 24 ‐6 984 ‐330 ‐92 ‐92 ‐258 ‐236 ‐222 40 2007 ‐0.1% 0.7% 0.0% 0.0% 1.0% ‐0.5% ‐0.1% ‐0.1% ‐0.3% ‐0.2% ‐0.2% 0.0%

2008 ‐13 ‐7 ‐31 ‐10 ‐297 ‐629 ‐1,291 ‐1,219 ‐1,213 ‐1,070 ‐2,385 ‐8,165 2008 ‐0.1% ‐0.1% ‐0.2% 0.0% ‐1.1% ‐3.2% ‐4.2% ‐2.5% ‐2.5% ‐1.7% ‐2.9% ‐2.1%

2009 0 15 9 16 ‐21 ‐510 ‐755 ‐912 ‐1,293 ‐670 ‐1,036 ‐5,156 2009 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.4% ‐0.6% ‐0.8% ‐0.4% ‐0.4% ‐0.4%

2010 49 20 ‐23 47 ‐143 ‐1,028 ‐465 ‐773 ‐890 ‐660 ‐928 ‐4,794 2010 0.1% 0.0% 0.0% 0.1% ‐0.1% ‐0.9% ‐0.3% ‐0.5% ‐0.6% ‐0.5% ‐0.4% ‐0.3%

Average 25 92 94 24 55 ‐744 ‐749 ‐881 ‐999 ‐810 ‐1,167 ‐5,058 Average 0.1% 0.2% 0.1% 0.0% 0.0% ‐0.8% ‐0.5% ‐0.6% ‐0.6% ‐0.5% ‐0.5% ‐0.4%
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'UC‐Alt6_2050' less 'UC‐Base_2050' Difference (MWh) 'UC‐Alt6_2050' less 'UC‐Base_2050' Difference (%)

Year Bridgewater Rhodhiss Oxford Lookout Shoals Cowans Ford

Mountain 

Island Wylie Fishing Creek

Great Falls ‐ 

Dearborn

Rocky Creek ‐ 

Cedar Creek Wateree System Total Year Bridgewater Rhodhiss Oxford Lookout Shoals Cowans Ford

Mountain 

Island Wylie Fishing Creek

Great Falls ‐ 

Dearborn

Rocky Creek ‐ 

Cedar Creek Wateree System Total

1929 6 ‐10 70 42 ‐192 ‐31 ‐104 ‐907 ‐849 ‐862 ‐1,344 ‐4,180 1929 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0% 0.0% ‐0.4% ‐0.3% ‐0.4% ‐0.4% ‐0.2%

1930 33 ‐1 49 15 ‐11 ‐53 22 ‐1,159 ‐1,247 ‐851 ‐1,240 ‐4,443 1930 0.1% 0.0% 0.1% 0.0% 0.0% ‐0.1% 0.0% ‐0.9% ‐1.1% ‐0.6% ‐0.6% ‐0.4%

1931 47 61 53 9 305 60 45 ‐1,041 ‐491 ‐616 ‐1,121 ‐2,688 1931 0.2% 0.2% 0.1% 0.0% 0.4% 0.1% 0.0% ‐0.8% ‐0.4% ‐0.4% ‐0.5% ‐0.3%

1932 ‐86 4 32 ‐77 172 ‐66 ‐49 ‐1,009 ‐1,026 ‐976 ‐1,353 ‐4,434 1932 ‐0.2% 0.0% 0.0% ‐0.1% 0.1% ‐0.1% 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.4% ‐0.3%

1933 ‐19 ‐8 ‐18 7 ‐47 96 10 ‐958 ‐1,094 ‐975 ‐1,403 ‐4,407 1933 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% ‐0.7% ‐0.7% ‐0.6% ‐0.5% ‐0.3%

1934 ‐30 ‐15 7 62 ‐220 16 220 ‐953 ‐1,374 ‐712 ‐1,341 ‐4,340 1934 ‐0.1% 0.0% 0.0% 0.1% ‐0.1% 0.0% 0.2% ‐0.6% ‐0.9% ‐0.5% ‐0.6% ‐0.3%

1935 6 ‐141 46 ‐223 ‐6 ‐69 31 ‐1,042 ‐1,100 ‐930 ‐1,688 ‐5,116 1935 0.0% ‐0.2% 0.0% ‐0.2% 0.0% ‐0.1% 0.0% ‐0.6% ‐0.6% ‐0.5% ‐0.5% ‐0.3%

1936 ‐42 ‐568 ‐456 ‐249 156 ‐16 20 ‐1,516 ‐1,488 ‐1,421 ‐2,341 ‐7,921 1936 ‐0.1% ‐0.7% ‐0.3% ‐0.2% 0.1% 0.0% 0.0% ‐0.8% ‐0.7% ‐0.7% ‐0.7% ‐0.4%

1937 ‐19 91 94 19 106 25 12 ‐832 ‐828 ‐690 ‐734 ‐2,755 1937 0.0% 0.1% 0.1% 0.0% 0.1% 0.0% 0.0% ‐0.5% ‐0.5% ‐0.4% ‐0.3% ‐0.2%

1938 85 46 2 52 ‐204 ‐29 74 ‐843 ‐1,044 ‐828 ‐1,069 ‐3,757 1938 0.3% 0.1% 0.0% 0.1% ‐0.2% 0.0% 0.1% ‐0.8% ‐1.1% ‐0.7% ‐0.6% ‐0.4%

1939 ‐20 ‐123 ‐130 95 31 58 ‐86 ‐794 ‐833 ‐776 ‐839 ‐3,416 1939 ‐0.1% ‐0.2% ‐0.2% 0.1% 0.0% 0.1% ‐0.1% ‐0.6% ‐0.6% ‐0.6% ‐0.4% ‐0.3%

1940 ‐3 242 466 ‐48 ‐80 287 383 ‐792 ‐785 ‐788 ‐525 ‐1,644 1940 0.0% 0.6% 0.7% ‐0.1% ‐0.1% 0.5% 0.4% ‐0.8% ‐0.8% ‐0.7% ‐0.3% ‐0.2%

1941 964 2,059 4,263 378 779 1,416 1,006 2,683 ‐632 ‐1,016 1,394 13,296 1941 4.1% 6.8% 7.7% 0.6% 0.9% 3.0% 1.2% 2.8% ‐0.7% ‐0.9% 0.9% 1.6%

1942 ‐40 ‐39 ‐38 9 ‐54 ‐18 ‐86 ‐1,098 ‐1,041 ‐827 ‐1,094 ‐4,326 1942 ‐0.1% ‐0.1% 0.0% 0.0% 0.0% 0.0% ‐0.1% ‐0.8% ‐0.8% ‐0.6% ‐0.5% ‐0.3%

1943 9 6 7 148 133 117 71 ‐987 ‐1,356 ‐926 ‐1,118 ‐3,895 1943 0.0% 0.0% 0.0% 0.2% 0.1% 0.1% 0.1% ‐0.7% ‐0.9% ‐0.6% ‐0.5% ‐0.3%

1944 15 75 83 137 ‐254 ‐78 ‐153 ‐1,215 ‐1,317 ‐1,211 ‐2,006 ‐5,925 1944 0.0% 0.2% 0.1% 0.2% ‐0.2% ‐0.1% ‐0.1% ‐0.8% ‐0.9% ‐0.8% ‐0.9% ‐0.5%

1945 ‐19 ‐27 28 ‐5 89 48 172 ‐984 ‐1,011 ‐786 ‐1,240 ‐3,735 1945 0.0% ‐0.1% 0.0% 0.0% 0.1% 0.1% 0.1% ‐0.7% ‐0.8% ‐0.6% ‐0.6% ‐0.3%

1946 ‐3 ‐29 ‐151 ‐142 3 1 ‐92 ‐891 ‐933 ‐871 ‐1,232 ‐4,340 1946 0.0% ‐0.1% ‐0.2% ‐0.2% 0.0% 0.0% ‐0.1% ‐0.7% ‐0.7% ‐0.6% ‐0.6% ‐0.4%

1947 0 ‐40 82 60 122 69 1 ‐1,051 ‐1,087 ‐882 ‐1,029 ‐3,756 1947 0.0% ‐0.1% 0.1% 0.1% 0.1% 0.1% 0.0% ‐0.8% ‐0.9% ‐0.7% ‐0.5% ‐0.3%

1948 ‐69 ‐69 ‐125 26 ‐82 ‐29 41 ‐782 ‐1,085 ‐769 ‐1,049 ‐3,991 1948 ‐0.1% ‐0.1% ‐0.1% 0.0% ‐0.1% 0.0% 0.0% ‐0.4% ‐0.6% ‐0.4% ‐0.4% ‐0.3%

1949 ‐29 125 282 ‐9 32 62 38 ‐1,220 ‐1,466 ‐1,186 ‐1,401 ‐4,774 1949 0.0% 0.1% 0.2% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.7% ‐0.6% ‐0.4% ‐0.2%

1950 0 2 0 ‐7 24 8 ‐5 ‐1,122 ‐1,083 ‐872 ‐1,281 ‐4,336 1950 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.9% ‐1.0% ‐0.7% ‐0.7% ‐0.4%

1951 0 0 0 0 0 0 0 ‐1,139 ‐1,097 ‐971 ‐957 ‐4,167 1951 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐1.0% ‐1.1% ‐0.9% ‐0.6% ‐0.5%

1952 50 26 ‐3 ‐47 81 33 53 ‐594 ‐625 ‐613 ‐894 ‐2,532 1952 0.1% 0.1% 0.0% ‐0.1% 0.1% 0.0% 0.0% ‐0.4% ‐0.4% ‐0.4% ‐0.4% ‐0.2%

1953 2 18 ‐13 34 ‐55 44 ‐16 ‐1,096 ‐935 ‐812 ‐978 ‐3,807 1953 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.1% 0.0% ‐0.9% ‐0.8% ‐0.7% ‐0.5% ‐0.4%

1954 ‐3 ‐33 68 66 289 119 111 ‐1,706 ‐1,551 ‐929 ‐1,719 ‐5,288 1954 0.0% ‐0.1% 0.1% 0.1% 0.4% 0.3% 0.2% ‐1.9% ‐1.9% ‐0.9% ‐1.1% ‐0.7%

1955 ‐89 ‐58 ‐122 ‐128 ‐63 ‐46 ‐89 ‐1,161 ‐1,470 ‐969 ‐1,550 ‐5,744 1955 ‐0.3% ‐0.3% ‐0.3% ‐0.3% ‐0.1% ‐0.1% ‐0.1% ‐1.5% ‐2.1% ‐1.1% ‐1.2% ‐0.9%

1956 112 220 475 172 ‐17 103 ‐58 ‐1,125 ‐958 ‐861 ‐1,275 ‐3,211 1956 0.6% 0.8% 1.1% 0.4% 0.0% 0.3% ‐0.1% ‐1.3% ‐1.3% ‐0.9% ‐0.9% ‐0.5%

1957 152 179 539 285 ‐26 168 267 ‐991 ‐1,217 ‐961 ‐864 ‐2,470 1957 0.2% 0.3% 0.5% 0.3% 0.0% 0.2% 0.2% ‐0.7% ‐0.8% ‐0.6% ‐0.4% ‐0.2%

1958 ‐93 ‐34 ‐186 34 ‐142 ‐15 ‐18 ‐387 ‐551 ‐387 ‐722 ‐2,500 1958 ‐0.2% ‐0.1% ‐0.2% 0.0% ‐0.1% 0.0% 0.0% ‐0.2% ‐0.3% ‐0.2% ‐0.3% ‐0.2%

1959 29 35 82 65 110 ‐29 83 ‐1,132 ‐1,213 ‐1,199 ‐1,642 ‐4,809 1959 0.1% 0.0% 0.1% 0.1% 0.1% 0.0% 0.1% ‐0.6% ‐0.7% ‐0.7% ‐0.6% ‐0.3%

1960 3 ‐8 ‐12 25 12 4 9 ‐832 ‐1,115 ‐992 ‐1,171 ‐4,076 1960 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.5% ‐0.5% ‐0.4% ‐0.2%

1961 ‐34 ‐31 ‐77 129 ‐207 ‐20 ‐183 ‐927 ‐878 ‐840 ‐998 ‐4,065 1961 ‐0.1% 0.0% ‐0.1% 0.1% ‐0.1% 0.0% ‐0.1% ‐0.5% ‐0.5% ‐0.5% ‐0.4% ‐0.2%

1962 ‐12 0 61 1 128 54 13 ‐1,190 ‐1,536 ‐1,327 ‐2,013 ‐5,822 1962 0.0% 0.0% 0.1% 0.0% 0.1% 0.1% 0.0% ‐0.7% ‐1.0% ‐0.8% ‐0.8% ‐0.4%

1963 9 ‐128 ‐148 ‐240 ‐109 ‐36 ‐90 ‐972 ‐1,169 ‐890 ‐1,586 ‐5,358 1963 0.0% ‐0.3% ‐0.2% ‐0.3% ‐0.1% ‐0.1% ‐0.1% ‐0.8% ‐1.0% ‐0.7% ‐0.8% ‐0.5%

1964 ‐24 ‐17 68 ‐25 172 4 53 ‐871 ‐1,120 ‐1,090 ‐1,467 ‐4,318 1964 0.0% 0.0% 0.1% 0.0% 0.1% 0.0% 0.0% ‐0.4% ‐0.5% ‐0.5% ‐0.4% ‐0.2%

1965 1,079 651 1,048 960 603 581 247 ‐1,033 ‐915 ‐898 ‐658 1,665 1965 2.1% 0.9% 0.9% 1.0% 0.4% 0.5% 0.2% ‐0.6% ‐0.5% ‐0.5% ‐0.2% 0.1%

1966 ‐1,134 ‐729 ‐874 ‐616 ‐188 ‐553 ‐333 ‐1,441 ‐1,527 ‐1,181 ‐1,878 ‐10,454 1966 ‐2.5% ‐1.4% ‐1.0% ‐0.8% ‐0.2% ‐0.7% ‐0.3% ‐1.2% ‐1.3% ‐0.9% ‐0.9% ‐0.9%

1967 56 92 120 ‐59 ‐46 85 ‐1 ‐1,092 ‐1,137 ‐958 ‐1,457 ‐4,397 1967 0.2% 0.2% 0.2% ‐0.1% ‐0.1% 0.1% 0.0% ‐0.8% ‐0.9% ‐0.7% ‐0.7% ‐0.4%

1968 ‐39 ‐27 ‐82 10 ‐67 14 45 ‐1,602 ‐1,411 ‐1,231 ‐2,295 ‐6,686 1968 ‐0.1% ‐0.1% ‐0.1% 0.0% 0.0% 0.0% 0.0% ‐1.1% ‐1.0% ‐0.8% ‐1.1% ‐0.5%

1969 ‐462 149 84 ‐47 ‐56 ‐38 ‐53 ‐1,104 ‐1,198 ‐774 ‐1,506 ‐5,006 1969 ‐0.8% 0.2% 0.1% 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐0.8% ‐0.5% ‐0.6% ‐0.3%

1970 ‐468 ‐483 ‐520 ‐272 ‐1 ‐16 ‐87 ‐1,575 ‐1,500 ‐1,376 ‐1,738 ‐8,037 1970 ‐1.0% ‐0.8% ‐0.5% ‐0.3% 0.0% 0.0% ‐0.1% ‐1.0% ‐1.0% ‐0.8% ‐0.7% ‐0.6%

1971 497 137 297 289 ‐57 83 281 ‐979 ‐1,021 ‐814 ‐1,500 ‐2,787 1971 1.0% 0.2% 0.3% 0.3% 0.0% 0.1% 0.2% ‐0.5% ‐0.5% ‐0.4% ‐0.5% ‐0.2%

1972 13 24 0 ‐26 131 ‐18 ‐15 ‐1,015 ‐1,214 ‐994 ‐1,427 ‐4,543 1972 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% ‐0.6% ‐0.7% ‐0.6% ‐0.5% ‐0.3%

1973 0 0 0 0 0 0 0 ‐977 ‐1,126 ‐877 ‐1,230 ‐4,210 1973 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.5% ‐0.4% ‐0.4% ‐0.2%

1974 0 0 0 0 0 0 0 ‐999 ‐1,101 ‐895 ‐1,217 ‐4,211 1974 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.4% ‐0.3%

1975 0 0 0 0 0 0 0 ‐901 ‐1,041 ‐830 ‐1,172 ‐3,945 1975 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.4% ‐0.4% ‐0.4% ‐0.2%

1976 0 0 0 0 0 0 0 ‐1,022 ‐1,187 ‐912 ‐1,316 ‐4,437 1976 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.7% ‐0.5% ‐0.5% ‐0.3%

1977 0 22 ‐29 ‐2 0 ‐14 0 ‐1,022 ‐1,176 ‐877 ‐1,206 ‐4,303 1977 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐0.7% ‐0.6% ‐0.5% ‐0.3%

1978 0 20 ‐20 8 14 34 0 ‐1,002 ‐1,086 ‐868 ‐1,173 ‐4,074 1978 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.7% ‐0.5% ‐0.5% ‐0.3%

1979 0 0 0 0 0 0 0 ‐887 ‐1,044 ‐822 ‐1,261 ‐4,014 1979 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.4% ‐0.3% ‐0.3% ‐0.2%

1980 0 0 0 0 0 0 0 ‐1,010 ‐1,148 ‐911 ‐1,176 ‐4,246 1980 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.7% ‐0.5% ‐0.5% ‐0.3%

1981 0 36 0 0 11 9 0 ‐1,121 ‐1,074 ‐931 ‐1,187 ‐4,257 1981 0.0% 0.2% 0.0% 0.0% 0.0% 0.0% 0.0% ‐1.1% ‐1.2% ‐0.9% ‐0.8% ‐0.6%

1982 0 0 0 0 0 0 0 ‐1,052 ‐1,124 ‐914 ‐1,176 ‐4,266 1982 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐0.8% ‐0.6% ‐0.5% ‐0.4%

1983 0 0 0 0 0 0 0 ‐978 ‐1,087 ‐824 ‐1,125 ‐4,015 1983 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.5% ‐0.4% ‐0.4% ‐0.2%

1984 ‐127 ‐137 ‐411 76 236 54 ‐99 ‐749 ‐853 ‐690 ‐893 ‐3,593 1984 ‐0.2% ‐0.2% ‐0.3% 0.1% 0.1% 0.0% ‐0.1% ‐0.4% ‐0.4% ‐0.3% ‐0.3% ‐0.2%

1985 ‐151 ‐2,265 ‐3,449 ‐466 ‐6,732 ‐1,517 ‐1,082 ‐3,356 ‐1,325 ‐2,475 ‐3,736 ‐26,553 1985 ‐0.5% ‐5.3% ‐4.9% ‐0.7% ‐6.2% ‐2.2% ‐0.9% ‐2.6% ‐1.1% ‐1.8% ‐1.9% ‐2.4%

1986 0 286 92 28 210 ‐58 ‐50 ‐1,320 ‐1,142 ‐808 ‐1,251 ‐4,013 1986 0.0% 0.8% 0.2% 0.0% 0.2% ‐0.1% ‐0.1% ‐1.4% ‐1.4% ‐0.8% ‐0.9% ‐0.5%

1987 109 ‐10 137 68 185 63 76 ‐1,030 ‐879 ‐805 ‐639 ‐2,725 1987 0.2% 0.0% 0.1% 0.1% 0.1% 0.1% 0.1% ‐0.7% ‐0.6% ‐0.5% ‐0.3% ‐0.2%

1988 ‐89 ‐50 ‐168 ‐79 ‐43 ‐41 ‐80 ‐1,782 ‐1,071 ‐1,011 ‐1,476 ‐5,891 1988 ‐0.7% ‐0.2% ‐0.4% ‐0.2% ‐0.1% ‐0.1% ‐0.1% ‐2.5% ‐1.8% ‐1.3% ‐1.4% ‐1.0%

1989 1 ‐32 ‐82 ‐140 ‐4 45 ‐9 ‐914 ‐1,355 ‐975 ‐1,333 ‐4,799 1989 0.0% 0.0% ‐0.1% ‐0.1% 0.0% 0.0% 0.0% ‐0.5% ‐0.7% ‐0.5% ‐0.5% ‐0.3%

1990 34 72 100 196 ‐4 ‐7 164 ‐1,095 ‐939 ‐757 ‐818 ‐3,055 1990 0.1% 0.1% 0.1% 0.2% 0.0% 0.0% 0.1% ‐0.5% ‐0.5% ‐0.4% ‐0.3% ‐0.2%

1991 ‐110 ‐48 ‐93 ‐93 ‐433 ‐117 ‐230 ‐1,366 ‐1,697 ‐1,288 ‐1,499 ‐6,974 1991 ‐0.2% ‐0.1% ‐0.1% ‐0.1% ‐0.3% ‐0.1% ‐0.2% ‐0.8% ‐1.0% ‐0.7% ‐0.6% ‐0.5%

1992 113 232 119 222 390 455 548 ‐772 ‐773 ‐716 ‐959 ‐1,141 1992 0.2% 0.3% 0.1% 0.2% 0.2% 0.4% 0.3% ‐0.4% ‐0.4% ‐0.4% ‐0.3% ‐0.1%

1993 3 38 ‐156 ‐93 72 ‐22 59 ‐796 ‐959 ‐883 ‐1,371 ‐4,108 1993 0.0% 0.1% ‐0.1% ‐0.1% 0.0% 0.0% 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.5% ‐0.3%

1994 8 ‐15 191 58 ‐74 ‐21 ‐112 ‐1,364 ‐1,253 ‐1,282 ‐1,779 ‐5,641 1994 0.0% 0.0% 0.2% 0.1% 0.0% 0.0% ‐0.1% ‐0.9% ‐0.8% ‐0.8% ‐0.8% ‐0.4%

1995 96 25 33 17 ‐57 ‐30 17 ‐845 ‐1,123 ‐775 ‐1,170 ‐3,813 1995 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.6% ‐0.4% ‐0.4% ‐0.2%

1996 ‐11 ‐35 ‐293 ‐291 ‐77 ‐4 ‐26 ‐670 ‐830 ‐592 ‐613 ‐3,441 1996 0.0% 0.0% ‐0.3% ‐0.3% 0.0% 0.0% 0.0% ‐0.4% ‐0.5% ‐0.4% ‐0.3% ‐0.2%

1997 2 ‐18 ‐43 ‐21 ‐55 ‐116 ‐28 ‐1,637 ‐1,593 ‐1,446 ‐2,206 ‐7,161 1997 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% 0.0% ‐1.1% ‐1.1% ‐1.0% ‐1.0% ‐0.6%

1998 25 ‐23 17 0 337 129 381 ‐893 ‐1,219 ‐892 ‐1,178 ‐3,318 1998 0.0% 0.0% 0.0% 0.0% 0.2% 0.1% 0.2% ‐0.5% ‐0.7% ‐0.5% ‐0.4% ‐0.2%

1999 ‐17 91 74 ‐49 ‐121 51 33 ‐1,302 ‐1,342 ‐707 ‐1,323 ‐4,613 1999 ‐0.1% 0.3% 0.1% ‐0.1% ‐0.2% 0.1% 0.0% ‐1.8% ‐2.3% ‐0.9% ‐1.2% ‐0.7%

2000 0 ‐1 ‐1 ‐3 ‐2 ‐38 ‐71 ‐1,468 ‐1,391 ‐1,024 ‐1,160 ‐5,160 2000 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.1% ‐0.1% ‐2.0% ‐2.2% ‐1.3% ‐1.0% ‐0.9%

2001 0 2 ‐50 ‐51 66 0 0 ‐1,227 ‐1,402 ‐907 ‐1,078 ‐4,645 2001 0.0% 0.0% ‐0.1% ‐0.1% 0.1% 0.0% 0.0% ‐2.1% ‐4.0% ‐1.6% ‐1.3% ‐0.9%

2002 8 1,245 702 ‐100 418 321 332 ‐645 ‐260 ‐749 ‐1,058 213 2002 0.1% 5.1% 1.8% ‐0.2% 0.9% 1.9% 1.1% ‐1.6% ‐0.8% ‐1.3% ‐1.5% 0.1%

2003 ‐60 190 64 16 ‐323 ‐1,543 ‐1,725 ‐1,567 ‐1,709 ‐1,352 ‐2,753 ‐10,765 2003 ‐0.1% 0.2% 0.0% 0.0% ‐0.2% ‐1.1% ‐0.7% ‐0.7% ‐0.7% ‐0.6% ‐0.8% ‐0.5%

2004 158 ‐19 0 ‐6 ‐29 39 7 ‐1,233 ‐1,583 ‐1,133 ‐1,220 ‐5,020 2004 0.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.8% ‐1.1% ‐0.8% ‐0.6% ‐0.4%

2005 18 ‐14 50 ‐17 ‐81 ‐31 ‐10 ‐738 ‐1,480 ‐693 ‐1,077 ‐4,073 2005 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.4% ‐0.9% ‐0.4% ‐0.4% ‐0.2%

2006 51 2,253 5,333 1,764 5,547 463 347 159 ‐1,588 ‐450 ‐81 13,800 2006 0.1% 5.6% 8.4% 2.7% 5.4% 0.7% 0.3% 0.1% ‐1.5% ‐0.4% ‐0.1% 1.4%

2007 ‐2 4 ‐17 ‐18 26 98 ‐7 ‐421 ‐765 ‐951 ‐323 ‐2,376 2007 0.0% 0.0% 0.0% 0.0% 0.0% 0.2% 0.0% ‐0.5% ‐1.0% ‐1.0% ‐0.3% ‐0.3%

2008 0 0 0 0 ‐3 ‐2 0 ‐975 ‐593 ‐818 ‐2,642 ‐5,033 2008 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% ‐2.5% ‐1.6% ‐1.5% ‐4.5% ‐1.7%

2009 0 36 ‐8 ‐1 0 4 5 ‐1,119 ‐1,539 ‐873 ‐1,265 ‐4,760 2009 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐1.0% ‐0.6% ‐0.6% ‐0.4%

2010 ‐51 ‐53 ‐171 ‐100 ‐33 ‐105 ‐84 ‐782 ‐1,001 ‐1,051 ‐1,142 ‐4,572 2010 ‐0.1% ‐0.1% ‐0.2% ‐0.1% 0.0% ‐0.1% ‐0.1% ‐0.6% ‐0.8% ‐0.7% ‐0.6% ‐0.3%

Average 5 42 90 22 9 6 2 ‐1,017 ‐1,127 ‐934 ‐1,276 ‐4,177 Average 0.0% 0.1% 0.1% 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐0.8% ‐0.6% ‐0.5% ‐0.3%
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I-5 
Hydro Generation 
Comparison 

Baseline – 2050 Water Use 

To 

Alternative 7 – 2050 Water Use with 
Union County 2050 Demand 

 

 
 

  



'UC‐Alt7_2050' less 'UC‐Base_2050' Difference (MWh) 'UC‐Alt7_2050' less 'UC‐Base_2050' Difference (%)

Year Bridgewater Rhodhiss Oxford Lookout Shoals Cowans Ford

Mountain 

Island Wylie Fishing Creek

Great Falls ‐ 

Dearborn

Rocky Creek ‐ 

Cedar Creek Wateree System Total Year Bridgewater Rhodhiss Oxford Lookout Shoals Cowans Ford

Mountain 

Island Wylie Fishing Creek

Great Falls ‐ 

Dearborn

Rocky Creek ‐ 

Cedar Creek Wateree System Total

1929 50 ‐24 ‐90 ‐10 ‐84 ‐850 ‐913 ‐1,048 ‐1,295 ‐1,014 ‐1,366 ‐6,645 1929 0.1% 0.0% ‐0.1% 0.0% 0.0% ‐0.6% ‐0.4% ‐0.5% ‐0.5% ‐0.4% ‐0.4% ‐0.3%

1930 290 542 1,098 336 426 ‐449 ‐585 ‐690 ‐827 ‐529 ‐778 ‐1,166 1930 1.3% 1.5% 1.7% 0.4% 0.4% ‐0.7% ‐0.5% ‐0.6% ‐0.7% ‐0.4% ‐0.4% ‐0.1%

1931 ‐187 130 150 ‐92 360 ‐839 ‐751 ‐946 ‐641 ‐591 ‐1,533 ‐4,940 1931 ‐0.8% 0.4% 0.3% ‐0.1% 0.5% ‐1.5% ‐0.6% ‐0.7% ‐0.5% ‐0.4% ‐0.7% ‐0.5%

1932 ‐72 188 150 29 157 ‐910 ‐212 ‐533 ‐729 ‐627 ‐795 ‐3,354 1932 ‐0.2% 0.3% 0.1% 0.0% 0.1% ‐0.9% ‐0.1% ‐0.3% ‐0.3% ‐0.3% ‐0.2% ‐0.2%

1933 ‐108 544 304 238 46 ‐666 ‐1,262 ‐842 ‐770 ‐773 ‐407 ‐3,695 1933 ‐0.3% 1.0% 0.3% 0.2% 0.0% ‐0.7% ‐0.9% ‐0.6% ‐0.5% ‐0.5% ‐0.2% ‐0.3%

1934 ‐4,076 ‐8,684 ‐18,147 ‐7,122 ‐53,805 ‐14,828 ‐4,535 ‐3,737 ‐644 255 ‐4,701 ‐120,025 1934 ‐10.1% ‐14.5% ‐16.6% ‐7.3% ‐34.4% ‐16.0% ‐3.2% ‐2.5% ‐0.4% 0.2% ‐2.0% ‐8.6%

1935 ‐2,956 ‐1,965 ‐3,534 ‐2,357 ‐8,607 ‐3,876 ‐6,449 ‐6,652 ‐4,261 ‐4,083 ‐8,101 ‐52,840 1935 ‐5.8% ‐2.5% ‐2.6% ‐1.9% ‐4.1% ‐3.1% ‐3.7% ‐3.8% ‐2.3% ‐2.2% ‐2.6% ‐3.0%

1936 ‐13 280 434 104 ‐165 ‐856 ‐744 ‐632 ‐677 ‐895 ‐1,471 ‐4,634 1936 0.0% 0.4% 0.3% 0.1% ‐0.1% ‐0.7% ‐0.4% ‐0.3% ‐0.3% ‐0.4% ‐0.5% ‐0.3%

1937 65 38 224 120 366 ‐486 ‐817 ‐846 ‐1,110 ‐758 ‐905 ‐4,110 1937 0.1% 0.1% 0.2% 0.1% 0.2% ‐0.4% ‐0.5% ‐0.5% ‐0.6% ‐0.4% ‐0.3% ‐0.2%

1938 29 170 185 130 265 ‐515 ‐792 ‐925 ‐910 ‐571 ‐1,073 ‐4,007 1938 0.1% 0.4% 0.3% 0.2% 0.3% ‐0.8% ‐0.8% ‐0.9% ‐0.9% ‐0.5% ‐0.6% ‐0.4%

1939 ‐31 46 238 100 126 ‐880 ‐889 ‐1,497 ‐1,635 ‐1,502 ‐1,984 ‐7,907 1939 ‐0.1% 0.1% 0.3% 0.1% 0.1% ‐1.2% ‐0.8% ‐1.2% ‐1.3% ‐1.1% ‐1.0% ‐0.7%

1940 ‐10 250 557 152 92 ‐292 ‐104 ‐247 ‐484 ‐255 ‐199 ‐539 1940 0.0% 0.6% 0.9% 0.3% 0.1% ‐0.5% ‐0.1% ‐0.3% ‐0.5% ‐0.2% ‐0.1% ‐0.1%

1941 16 332 413 100 ‐43 ‐736 ‐538 ‐897 ‐1,005 ‐810 ‐1,312 ‐4,480 1941 0.1% 1.1% 0.7% 0.2% ‐0.1% ‐1.6% ‐0.6% ‐0.9% ‐1.1% ‐0.8% ‐0.8% ‐0.5%

1942 ‐265 207 225 88 ‐218 ‐870 ‐909 ‐848 ‐892 ‐734 ‐1,125 ‐5,344 1942 ‐0.5% 0.3% 0.2% 0.1% ‐0.2% ‐1.0% ‐0.7% ‐0.6% ‐0.7% ‐0.5% ‐0.5% ‐0.4%

1943 ‐50 29 ‐49 166 ‐88 ‐694 ‐749 ‐862 ‐921 ‐755 ‐867 ‐4,841 1943 ‐0.1% 0.0% 0.0% 0.2% ‐0.1% ‐0.8% ‐0.5% ‐0.6% ‐0.6% ‐0.5% ‐0.4% ‐0.4%

1944 139 11 41 242 ‐71 ‐1,122 ‐1,386 ‐1,471 ‐1,670 ‐1,373 ‐2,166 ‐8,825 1944 0.4% 0.0% 0.0% 0.3% ‐0.1% ‐1.7% ‐1.0% ‐1.0% ‐1.2% ‐0.9% ‐0.9% ‐0.7%

1945 ‐167 91 148 14 ‐84 ‐331 355 19 11 29 ‐269 ‐183 1945 ‐0.4% 0.2% 0.2% 0.0% ‐0.1% ‐0.5% 0.3% 0.0% 0.0% 0.0% ‐0.1% 0.0%

1946 11 ‐18 118 17 ‐164 ‐780 ‐941 ‐967 ‐1,128 ‐908 ‐1,306 ‐6,067 1946 0.0% 0.0% 0.1% 0.0% ‐0.1% ‐1.1% ‐0.7% ‐0.7% ‐0.9% ‐0.7% ‐0.6% ‐0.5%

1947 ‐1 309 570 287 61 ‐803 ‐789 ‐951 ‐1,076 ‐894 ‐1,116 ‐4,403 1947 0.0% 0.7% 0.7% 0.4% 0.1% ‐1.2% ‐0.7% ‐0.7% ‐0.8% ‐0.7% ‐0.5% ‐0.4%

1948 108 312 568 219 76 ‐748 ‐792 ‐923 ‐1,095 ‐951 ‐1,330 ‐4,555 1948 0.2% 0.5% 0.5% 0.2% 0.0% ‐0.8% ‐0.5% ‐0.5% ‐0.6% ‐0.5% ‐0.5% ‐0.3%

1949 52 137 47 59 68 ‐751 ‐649 ‐928 ‐927 ‐778 ‐1,170 ‐4,840 1949 0.1% 0.2% 0.0% 0.0% 0.0% ‐0.6% ‐0.3% ‐0.5% ‐0.4% ‐0.4% ‐0.4% ‐0.3%

1950 390 368 780 470 176 ‐648 ‐860 ‐1,034 ‐1,105 ‐779 ‐1,316 ‐3,559 1950 0.8% 0.7% 0.9% 0.5% 0.2% ‐0.9% ‐0.8% ‐0.8% ‐1.0% ‐0.6% ‐0.7% ‐0.3%

1951 410 295 458 84 118 ‐193 ‐647 ‐817 ‐910 ‐735 ‐913 ‐2,850 1951 1.7% 0.9% 0.9% 0.1% 0.4% ‐0.4% ‐0.7% ‐0.7% ‐0.9% ‐0.7% ‐0.6% ‐0.3%

1952 143 82 ‐42 63 245 ‐893 ‐836 ‐430 ‐391 ‐506 ‐731 ‐3,295 1952 0.4% 0.2% 0.0% 0.1% 0.2% ‐1.0% ‐0.6% ‐0.3% ‐0.3% ‐0.3% ‐0.3% ‐0.3%

1953 ‐20 ‐116 ‐198 ‐29 507 ‐288 ‐322 ‐773 ‐471 ‐362 ‐383 ‐2,455 1953 ‐0.1% ‐0.2% ‐0.3% 0.0% 0.5% ‐0.5% ‐0.3% ‐0.6% ‐0.4% ‐0.3% ‐0.2% ‐0.2%

1954 259 386 1,160 235 ‐363 ‐688 ‐772 ‐1,002 ‐1,001 ‐695 ‐1,129 ‐3,611 1954 1.6% 1.4% 2.5% 0.5% ‐0.5% ‐1.8% ‐1.2% ‐1.1% ‐1.2% ‐0.6% ‐0.7% ‐0.5%

1955 ‐89 231 215 ‐247 439 ‐286 ‐1,101 ‐1,255 ‐1,417 ‐1,115 ‐1,568 ‐6,192 1955 ‐0.3% 1.0% 0.6% ‐0.5% 0.8% ‐0.8% ‐1.5% ‐1.7% ‐2.1% ‐1.3% ‐1.3% ‐0.9%

1956 ‐12 ‐23 144 ‐127 ‐277 ‐858 ‐607 ‐726 ‐709 ‐655 ‐1,051 ‐4,901 1956 ‐0.1% ‐0.1% 0.3% ‐0.3% ‐0.4% ‐2.6% ‐0.8% ‐0.8% ‐1.0% ‐0.7% ‐0.8% ‐0.7%

1957 223 199 381 112 113 ‐1,095 ‐944 ‐1,220 ‐1,665 ‐1,199 ‐1,250 ‐6,345 1957 0.4% 0.3% 0.3% 0.1% 0.1% ‐1.1% ‐0.6% ‐0.8% ‐1.1% ‐0.8% ‐0.5% ‐0.4%

1958 ‐48 140 485 215 ‐400 ‐919 ‐643 ‐176 ‐497 ‐291 ‐597 ‐2,732 1958 ‐0.1% 0.2% 0.4% 0.2% ‐0.2% ‐0.9% ‐0.4% ‐0.1% ‐0.3% ‐0.2% ‐0.2% ‐0.2%

1959 28 36 81 62 31 ‐849 ‐754 ‐934 ‐952 ‐864 ‐1,780 ‐5,895 1959 0.1% 0.1% 0.1% 0.1% 0.0% ‐0.8% ‐0.5% ‐0.5% ‐0.5% ‐0.5% ‐0.6% ‐0.4%

1960 ‐61 ‐14 44 31 ‐143 ‐863 ‐842 ‐550 ‐283 ‐596 ‐575 ‐3,851 1960 ‐0.1% 0.0% 0.0% 0.0% ‐0.1% ‐0.7% ‐0.4% ‐0.3% ‐0.1% ‐0.3% ‐0.2% ‐0.2%

1961 56 83 79 0 156 ‐659 ‐782 ‐1,031 ‐960 ‐560 ‐1,025 ‐4,643 1961 0.1% 0.1% 0.1% 0.0% 0.1% ‐0.6% ‐0.4% ‐0.6% ‐0.5% ‐0.3% ‐0.4% ‐0.3%

1962 ‐30 ‐16 ‐35 ‐46 35 ‐906 ‐722 ‐969 ‐1,009 ‐898 ‐934 ‐5,530 1962 ‐0.1% 0.0% 0.0% 0.0% 0.0% ‐1.0% ‐0.5% ‐0.6% ‐0.6% ‐0.5% ‐0.4% ‐0.4%

1963 152 ‐66 ‐1 ‐155 97 ‐888 ‐900 ‐982 ‐1,067 ‐829 ‐1,259 ‐5,898 1963 0.5% ‐0.1% 0.0% ‐0.2% 0.1% ‐1.4% ‐0.8% ‐0.8% ‐0.9% ‐0.7% ‐0.7% ‐0.6%

1964 ‐168 ‐119 ‐67 ‐75 ‐65 ‐628 ‐846 ‐612 ‐1,163 ‐749 ‐1,894 ‐6,386 1964 ‐0.3% ‐0.2% ‐0.1% ‐0.1% 0.0% ‐0.5% ‐0.4% ‐0.3% ‐0.5% ‐0.4% ‐0.6% ‐0.3%

1965 335 167 210 175 239 ‐458 ‐568 ‐882 ‐1,085 ‐873 ‐1,005 ‐3,746 1965 0.7% 0.2% 0.2% 0.2% 0.1% ‐0.4% ‐0.3% ‐0.5% ‐0.6% ‐0.5% ‐0.4% ‐0.2%

1966 ‐310 ‐81 154 ‐36 335 ‐1,084 ‐950 ‐1,086 ‐1,105 ‐906 ‐1,609 ‐6,678 1966 ‐0.7% ‐0.2% 0.2% 0.0% 0.3% ‐1.4% ‐0.8% ‐0.9% ‐0.9% ‐0.7% ‐0.8% ‐0.6%

1967 130 290 246 ‐107 ‐385 ‐541 ‐799 ‐1,016 ‐983 ‐745 ‐1,231 ‐5,141 1967 0.4% 0.7% 0.4% ‐0.1% ‐0.6% ‐0.8% ‐0.6% ‐0.8% ‐0.7% ‐0.5% ‐0.6% ‐0.5%

1968 60 ‐114 202 73 ‐80 ‐818 ‐658 ‐1,580 ‐1,725 ‐1,363 ‐1,955 ‐7,959 1968 0.1% ‐0.2% 0.2% 0.1% ‐0.1% ‐0.9% ‐0.5% ‐1.1% ‐1.2% ‐0.9% ‐0.9% ‐0.6%

1969 ‐553 ‐62 ‐89 ‐217 94 ‐860 ‐736 ‐919 ‐947 ‐678 ‐1,316 ‐6,282 1969 ‐1.0% ‐0.1% ‐0.1% ‐0.2% 0.1% ‐0.9% ‐0.5% ‐0.6% ‐0.6% ‐0.4% ‐0.6% ‐0.4%

1970 131 332 1,167 229 ‐6 ‐728 ‐695 ‐1,074 ‐1,009 ‐774 ‐1,341 ‐3,767 1970 0.3% 0.6% 1.2% 0.3% 0.0% ‐0.7% ‐0.5% ‐0.7% ‐0.6% ‐0.5% ‐0.5% ‐0.3%

1971 ‐156 ‐195 ‐535 ‐110 ‐367 ‐935 ‐702 ‐1,175 ‐1,251 ‐1,239 ‐1,889 ‐8,554 1971 ‐0.3% ‐0.3% ‐0.5% ‐0.1% ‐0.2% ‐0.9% ‐0.4% ‐0.6% ‐0.7% ‐0.7% ‐0.7% ‐0.5%

1972 ‐10 111 198 23 394 ‐752 ‐766 ‐904 ‐1,009 ‐770 ‐1,332 ‐4,816 1972 0.0% 0.2% 0.2% 0.0% 0.3% ‐0.8% ‐0.5% ‐0.5% ‐0.6% ‐0.4% ‐0.5% ‐0.3%

1973 0 0 0 0 1 ‐820 ‐747 ‐881 ‐1,049 ‐831 ‐1,212 ‐5,539 1973 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.4% ‐0.4% ‐0.5% ‐0.4% ‐0.4% ‐0.3%

1974 0 0 0 0 0 ‐1,161 ‐798 ‐918 ‐1,044 ‐845 ‐1,272 ‐6,036 1974 0.0% 0.0% 0.0% 0.0% 0.0% ‐1.1% ‐0.4% ‐0.5% ‐0.5% ‐0.4% ‐0.4% ‐0.4%

1975 0 0 0 0 1 ‐813 ‐712 ‐813 ‐955 ‐767 ‐1,100 ‐5,159 1975 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.6% ‐0.3% ‐0.4% ‐0.4% ‐0.3% ‐0.3% ‐0.3%

1976 0 0 0 0 0 ‐624 ‐787 ‐903 ‐1,044 ‐836 ‐1,220 ‐5,413 1976 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐0.5% ‐0.5% ‐0.6% ‐0.5% ‐0.5% ‐0.4%

1977 0 22 ‐32 ‐2 2 ‐879 ‐732 ‐829 ‐955 ‐782 ‐1,114 ‐5,300 1977 0.0% 0.0% 0.0% 0.0% 0.0% ‐1.0% ‐0.5% ‐0.5% ‐0.6% ‐0.5% ‐0.5% ‐0.4%

1978 0 20 ‐20 8 14 ‐765 ‐773 ‐901 ‐990 ‐813 ‐1,176 ‐5,398 1978 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.9% ‐0.5% ‐0.6% ‐0.6% ‐0.5% ‐0.5% ‐0.4%

1979 0 0 0 0 1 ‐952 ‐771 ‐823 ‐927 ‐745 ‐1,079 ‐5,296 1979 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.3% ‐0.3% ‐0.3% ‐0.3% ‐0.3% ‐0.2%

1980 0 0 0 0 1 ‐449 ‐730 ‐908 ‐1,108 ‐863 ‐1,288 ‐5,345 1980 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.5% ‐0.5% ‐0.5% ‐0.6% ‐0.5% ‐0.5% ‐0.4%

1981 0 36 0 0 18 ‐610 ‐780 ‐963 ‐1,037 ‐841 ‐1,252 ‐5,430 1981 0.0% 0.2% 0.0% 0.0% 0.1% ‐1.4% ‐0.9% ‐0.9% ‐1.2% ‐0.8% ‐0.8% ‐0.7%

1982 0 0 0 0 2 ‐620 ‐764 ‐927 ‐1,049 ‐861 ‐1,172 ‐5,390 1982 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.8% ‐0.6% ‐0.6% ‐0.7% ‐0.6% ‐0.5% ‐0.5%

1983 ‐63 64 117 ‐47 14 ‐839 ‐774 ‐900 ‐1,050 ‐819 ‐1,200 ‐5,497 1983 ‐0.1% 0.1% 0.1% 0.0% 0.0% ‐0.6% ‐0.4% ‐0.5% ‐0.5% ‐0.4% ‐0.4% ‐0.3%

1984 ‐88 ‐159 ‐337 21 120 ‐573 ‐660 ‐696 ‐767 ‐597 ‐860 ‐4,596 1984 ‐0.1% ‐0.2% ‐0.3% 0.0% 0.1% ‐0.4% ‐0.3% ‐0.3% ‐0.4% ‐0.3% ‐0.3% ‐0.3%

1985 353 ‐1,845 ‐2,892 ‐211 ‐6,448 ‐1,772 ‐1,915 ‐3,236 ‐1,319 ‐2,386 ‐3,708 ‐25,378 1985 1.1% ‐4.3% ‐4.1% ‐0.3% ‐6.0% ‐2.5% ‐1.7% ‐2.5% ‐1.1% ‐1.8% ‐1.9% ‐2.3%

1986 5 235 ‐381 ‐94 198 ‐793 ‐835 ‐1,090 ‐1,145 ‐777 ‐1,461 ‐6,139 1986 0.0% 0.7% ‐0.6% ‐0.2% 0.2% ‐1.5% ‐1.0% ‐1.1% ‐1.4% ‐0.8% ‐1.0% ‐0.7%

1987 ‐66 44 276 41 ‐286 ‐805 ‐647 ‐631 ‐601 ‐541 ‐637 ‐3,853 1987 ‐0.1% 0.1% 0.3% 0.0% ‐0.2% ‐0.9% ‐0.5% ‐0.4% ‐0.4% ‐0.4% ‐0.3% ‐0.3%

1988 50 155 218 160 1,036 ‐50 ‐115 ‐619 ‐393 ‐398 ‐735 ‐690 1988 0.4% 0.6% 0.5% 0.4% 1.7% ‐0.2% ‐0.2% ‐0.9% ‐0.7% ‐0.5% ‐0.7% ‐0.1%

1989 2 19 3 ‐2 420 ‐882 ‐1,286 ‐1,055 ‐1,118 ‐781 ‐1,297 ‐5,977 1989 0.0% 0.0% 0.0% 0.0% 0.2% ‐0.7% ‐0.7% ‐0.6% ‐0.6% ‐0.4% ‐0.4% ‐0.3%

1990 89 55 16 127 ‐423 ‐1,076 ‐741 ‐828 ‐841 ‐441 ‐624 ‐4,688 1990 0.1% 0.1% 0.0% 0.1% ‐0.2% ‐0.8% ‐0.4% ‐0.4% ‐0.4% ‐0.2% ‐0.2% ‐0.3%

1991 ‐136 ‐69 ‐62 ‐53 ‐432 ‐1,039 ‐996 ‐1,009 ‐1,307 ‐1,107 ‐1,175 ‐7,384 1991 ‐0.3% ‐0.1% ‐0.1% ‐0.1% ‐0.3% ‐1.0% ‐0.6% ‐0.6% ‐0.8% ‐0.6% ‐0.5% ‐0.5%

1992 125 181 70 223 234 ‐454 ‐300 ‐532 ‐743 ‐473 ‐637 ‐2,305 1992 0.2% 0.2% 0.0% 0.2% 0.1% ‐0.4% ‐0.2% ‐0.3% ‐0.4% ‐0.2% ‐0.2% ‐0.1%

1993 ‐41 ‐28 ‐115 ‐243 472 ‐359 ‐461 ‐681 ‐471 ‐541 ‐752 ‐3,220 1993 ‐0.1% 0.0% ‐0.1% ‐0.2% 0.3% ‐0.3% ‐0.3% ‐0.4% ‐0.3% ‐0.3% ‐0.3% ‐0.2%

1994 40 192 334 221 ‐877 ‐1,257 ‐1,328 ‐1,363 ‐1,348 ‐1,446 ‐1,933 ‐8,764 1994 0.1% 0.3% 0.3% 0.2% ‐0.5% ‐1.2% ‐0.9% ‐0.9% ‐0.9% ‐0.9% ‐0.8% ‐0.6%

1995 86 73 6 ‐1 ‐154 ‐991 ‐853 ‐706 ‐772 ‐485 ‐1,122 ‐4,919 1995 0.1% 0.1% 0.0% 0.0% ‐0.1% ‐0.9% ‐0.5% ‐0.4% ‐0.4% ‐0.3% ‐0.4% ‐0.3%

1996 ‐86 1 ‐228 ‐349 ‐160 ‐845 ‐802 ‐1,362 ‐1,493 ‐1,155 ‐1,726 ‐8,205 1996 ‐0.2% 0.0% ‐0.2% ‐0.4% ‐0.1% ‐0.8% ‐0.5% ‐0.9% ‐1.0% ‐0.7% ‐0.7% ‐0.6%

1997 15 55 71 59 ‐50 ‐900 ‐778 ‐1,219 ‐1,401 ‐1,026 ‐1,552 ‐6,727 1997 0.0% 0.1% 0.1% 0.1% 0.0% ‐1.1% ‐0.6% ‐0.8% ‐1.0% ‐0.7% ‐0.7% ‐0.5%

1998 ‐175 11 326 ‐10 ‐114 ‐975 ‐795 ‐881 ‐1,206 ‐899 ‐1,571 ‐6,288 1998 ‐0.3% 0.0% 0.3% 0.0% ‐0.1% ‐0.9% ‐0.5% ‐0.5% ‐0.7% ‐0.5% ‐0.6% ‐0.4%

1999 568 951 1,411 542 943 ‐4 3 ‐331 ‐179 ‐225 ‐530 3,148 1999 2.9% 2.8% 2.6% 1.0% 1.3% 0.0% 0.0% ‐0.5% ‐0.3% ‐0.3% ‐0.5% 0.5%

2000 ‐123 ‐407 ‐676 ‐384 887 ‐408 ‐918 ‐1,334 ‐1,324 ‐1,063 ‐1,513 ‐7,261 2000 ‐0.7% ‐1.7% ‐1.9% ‐0.8% 2.0% ‐1.4% ‐1.3% ‐1.8% ‐2.1% ‐1.4% ‐1.3% ‐1.2%

2001 855 391 656 157 ‐3,772 ‐3,214 ‐2,755 ‐5,861 ‐4,318 ‐1,792 ‐3,411 ‐23,064 2001 5.7% 1.6% 1.7% 0.4% ‐6.6% ‐11.4% ‐4.9% ‐10.2% ‐12.2% ‐3.2% ‐4.0% ‐4.7%

2002 ‐3,818 ‐5,297 ‐9,978 ‐4,275 ‐3,228 ‐258 10,542 ‐4,719 ‐1,174 ‐3,226 957 ‐24,474 2002 ‐23.0% ‐21.9% ‐25.1% ‐10.4% ‐7.1% ‐1.5% 35.0% ‐11.3% ‐3.5% ‐5.6% 1.3% ‐5.8%

2003 11 173 110 211 1,234 ‐1,737 ‐2,285 ‐1,425 ‐944 ‐1,177 ‐2,085 ‐7,913 2003 0.0% 0.2% 0.1% 0.2% 0.6% ‐1.2% ‐1.0% ‐0.6% ‐0.4% ‐0.5% ‐0.6% ‐0.4%

2004 264 190 249 302 315 ‐1,172 ‐854 ‐1,196 ‐1,065 ‐968 ‐801 ‐4,734 2004 0.5% 0.3% 0.2% 0.3% 0.2% ‐1.1% ‐0.5% ‐0.8% ‐0.7% ‐0.7% ‐0.4% ‐0.3%

2005 ‐2 5 ‐102 ‐150 216 ‐906 ‐798 ‐784 ‐1,013 ‐713 ‐991 ‐5,239 2005 0.0% 0.0% ‐0.1% ‐0.1% 0.1% ‐0.7% ‐0.4% ‐0.4% ‐0.6% ‐0.4% ‐0.4% ‐0.3%

2006 57 2,099 4,758 1,535 5,611 ‐293 ‐463 532 ‐1,735 ‐426 ‐101 11,576 2006 0.2% 5.3% 7.5% 2.3% 5.5% ‐0.4% ‐0.4% 0.5% ‐1.6% ‐0.4% ‐0.1% 1.2%

2007 375 386 341 189 937 ‐150 ‐143 ‐2 ‐141 ‐173 149 1,769 2007 1.2% 0.9% 0.5% 0.3% 0.9% ‐0.3% ‐0.2% 0.0% ‐0.2% ‐0.2% 0.1% 0.2%

2008 ‐333 46 ‐145 ‐292 ‐891 ‐1,124 ‐1,238 ‐1,267 ‐1,330 ‐1,011 ‐1,817 ‐9,403 2008 ‐5.3% 0.6% ‐1.6% ‐1.1% ‐3.6% ‐8.7% ‐6.5% ‐3.3% ‐3.5% ‐1.8% ‐3.1% ‐3.2%

2009 0 0 3 ‐2 ‐37 ‐708 ‐752 ‐968 ‐985 ‐777 ‐1,221 ‐5,447 2009 0.0% 0.0% 0.0% 0.0% 0.0% ‐0.7% ‐0.5% ‐0.6% ‐0.6% ‐0.5% ‐0.5% ‐0.4%

2010 342 193 266 270 352 ‐870 ‐306 ‐434 ‐588 ‐504 ‐504 ‐1,783 2010 0.8% 0.3% 0.3% 0.3% 0.2% ‐0.8% ‐0.2% ‐0.3% ‐0.4% ‐0.4% ‐0.3% ‐0.1%

Average ‐98 ‐90 ‐208 ‐105 ‐783 ‐991 ‐765 ‐1,110 ‐1,053 ‐864 ‐1,302 ‐7,369 Average ‐0.2% ‐0.2% ‐0.2% ‐0.1% ‐0.6% ‐1.1% ‐0.5% ‐0.7% ‐0.7% ‐0.6% ‐0.6% ‐0.6%



0

10,000

20,000

30,000

40,000

50,000

60,000

70,000

80,000

90,000

100,000

1
9
2
9

1
9
3
1

1
9
3
3

1
9
3
5

1
9
3
7

1
9
3
9

1
9
4
1

1
9
4
3

1
9
4
5

1
9
4
7

1
9
4
9

1
9
5
1

1
9
5
3

1
9
5
5

1
9
5
7

1
9
5
9

1
9
6
1

1
9
6
3

1
9
6
5

1
9
6
7

1
9
6
9

1
9
7
1

1
9
7
3

1
9
7
5

1
9
7
7

1
9
7
9

1
9
8
1

1
9
8
3

1
9
8
5

1
9
8
7

1
9
8
9

1
9
9
1

1
9
9
3

1
9
9
5

1
9
9
7

1
9
9
9

2
0
0
1

2
0
0
3

2
0
0
5

2
0
0
7

2
0
0
9

G
e

n
e

ra
ti

o
n

 (
M

W
h

) 

Year 

Bridgewater Annual Generation 

UC-Base_2050 UC-Alt7_2050



0

20,000

40,000

60,000

80,000

100,000

120,000

1
9
2
9

1
9
3
1

1
9
3
3

1
9
3
5

1
9
3
7

1
9
3
9

1
9
4
1

1
9
4
3

1
9
4
5

1
9
4
7

1
9
4
9

1
9
5
1

1
9
5
3

1
9
5
5

1
9
5
7

1
9
5
9

1
9
6
1

1
9
6
3

1
9
6
5

1
9
6
7

1
9
6
9

1
9
7
1

1
9
7
3

1
9
7
5

1
9
7
7

1
9
7
9

1
9
8
1

1
9
8
3

1
9
8
5

1
9
8
7

1
9
8
9

1
9
9
1

1
9
9
3

1
9
9
5

1
9
9
7

1
9
9
9

2
0
0
1

2
0
0
3

2
0
0
5

2
0
0
7

2
0
0
9

G
e

n
e

ra
ti

o
n

 (
M

W
h

) 

Year 

Rhodhiss Annual Generation 

UC-Base_2050 UC-Alt7_2050



0

20,000

40,000

60,000

80,000

100,000

120,000

140,000

160,000

180,000

200,000

1
9
2
9

1
9
3
1

1
9
3
3

1
9
3
5

1
9
3
7

1
9
3
9

1
9
4
1

1
9
4
3

1
9
4
5

1
9
4
7

1
9
4
9

1
9
5
1

1
9
5
3

1
9
5
5

1
9
5
7

1
9
5
9

1
9
6
1

1
9
6
3

1
9
6
5

1
9
6
7

1
9
6
9

1
9
7
1

1
9
7
3

1
9
7
5

1
9
7
7

1
9
7
9

1
9
8
1

1
9
8
3

1
9
8
5

1
9
8
7

1
9
8
9

1
9
9
1

1
9
9
3

1
9
9
5

1
9
9
7

1
9
9
9

2
0
0
1

2
0
0
3

2
0
0
5

2
0
0
7

2
0
0
9

G
e

n
e

ra
ti

o
n

 (
M

W
h

) 

Year 

Oxford Annual Generation 

UC-Base_2050 UC-Alt7_2050



0

20,000

40,000

60,000

80,000

100,000

120,000

140,000

160,000

1
9
2
9

1
9
3
1

1
9
3
3

1
9
3
5

1
9
3
7

1
9
3
9

1
9
4
1

1
9
4
3

1
9
4
5

1
9
4
7

1
9
4
9

1
9
5
1

1
9
5
3

1
9
5
5

1
9
5
7

1
9
5
9

1
9
6
1

1
9
6
3

1
9
6
5

1
9
6
7

1
9
6
9

1
9
7
1

1
9
7
3

1
9
7
5

1
9
7
7

1
9
7
9

1
9
8
1

1
9
8
3

1
9
8
5

1
9
8
7

1
9
8
9

1
9
9
1

1
9
9
3

1
9
9
5

1
9
9
7

1
9
9
9

2
0
0
1

2
0
0
3

2
0
0
5

2
0
0
7

2
0
0
9

G
e

n
e

ra
ti

o
n

 (
M

W
h

) 

Year 

Lookout Shoals Annual Generation 

UC-Base_2050 UC-Alt7_2050



0

50,000

100,000

150,000

200,000

250,000

300,000

1
9
2
9

1
9
3
1

1
9
3
3

1
9
3
5

1
9
3
7

1
9
3
9

1
9
4
1

1
9
4
3

1
9
4
5

1
9
4
7

1
9
4
9

1
9
5
1

1
9
5
3

1
9
5
5

1
9
5
7

1
9
5
9

1
9
6
1

1
9
6
3

1
9
6
5

1
9
6
7

1
9
6
9

1
9
7
1

1
9
7
3

1
9
7
5

1
9
7
7

1
9
7
9

1
9
8
1

1
9
8
3

1
9
8
5

1
9
8
7

1
9
8
9

1
9
9
1

1
9
9
3

1
9
9
5

1
9
9
7

1
9
9
9

2
0
0
1

2
0
0
3

2
0
0
5

2
0
0
7

2
0
0
9

G
e

n
e

ra
ti

o
n

 (
M

W
h

) 

Year 

Cowans Ford Annual Generation 

UC-Base_2050 UC-Alt7_2050



0

20,000

40,000

60,000

80,000

100,000

120,000

140,000

160,000

180,000

200,000

1
9
2
9

1
9
3
1

1
9
3
3

1
9
3
5

1
9
3
7

1
9
3
9

1
9
4
1

1
9
4
3

1
9
4
5

1
9
4
7

1
9
4
9

1
9
5
1

1
9
5
3

1
9
5
5

1
9
5
7

1
9
5
9

1
9
6
1

1
9
6
3

1
9
6
5

1
9
6
7

1
9
6
9

1
9
7
1

1
9
7
3

1
9
7
5

1
9
7
7

1
9
7
9

1
9
8
1

1
9
8
3

1
9
8
5

1
9
8
7

1
9
8
9

1
9
9
1

1
9
9
3

1
9
9
5

1
9
9
7

1
9
9
9

2
0
0
1

2
0
0
3

2
0
0
5

2
0
0
7

2
0
0
9

G
e

n
e

ra
ti

o
n

 (
M

W
h

) 

Year 

Mountain Island Annual Generation 

UC-Base_2050 UC-Alt7_2050



0

50,000

100,000

150,000

200,000

250,000

300,000

1
9
2
9

1
9
3
1

1
9
3
3

1
9
3
5

1
9
3
7

1
9
3
9

1
9
4
1

1
9
4
3

1
9
4
5

1
9
4
7

1
9
4
9

1
9
5
1

1
9
5
3

1
9
5
5

1
9
5
7

1
9
5
9

1
9
6
1

1
9
6
3

1
9
6
5

1
9
6
7

1
9
6
9

1
9
7
1

1
9
7
3

1
9
7
5

1
9
7
7

1
9
7
9

1
9
8
1

1
9
8
3

1
9
8
5

1
9
8
7

1
9
8
9

1
9
9
1

1
9
9
3

1
9
9
5

1
9
9
7

1
9
9
9

2
0
0
1

2
0
0
3

2
0
0
5

2
0
0
7

2
0
0
9

G
e

n
e

ra
ti

o
n

 (
M

W
h

) 

Year 

Wylie Annual Generation 

UC-Base_2050 UC-Alt7_2050



0

50,000

100,000

150,000

200,000

250,000

300,000

1
9
2
9

1
9
3
1

1
9
3
3

1
9
3
5

1
9
3
7

1
9
3
9

1
9
4
1

1
9
4
3

1
9
4
5

1
9
4
7

1
9
4
9

1
9
5
1

1
9
5
3

1
9
5
5

1
9
5
7

1
9
5
9

1
9
6
1

1
9
6
3

1
9
6
5

1
9
6
7

1
9
6
9

1
9
7
1

1
9
7
3

1
9
7
5

1
9
7
7

1
9
7
9

1
9
8
1

1
9
8
3

1
9
8
5

1
9
8
7

1
9
8
9

1
9
9
1

1
9
9
3

1
9
9
5

1
9
9
7

1
9
9
9

2
0
0
1

2
0
0
3

2
0
0
5

2
0
0
7

2
0
0
9

G
e

n
e

ra
ti

o
n

 (
M

W
h

) 

Year 

Fishing Creek Annual Generation 

UC-Base_2050 UC-Alt7_2050



0

50,000

100,000

150,000

200,000

250,000

300,000

1
9
2
9

1
9
3
1

1
9
3
3

1
9
3
5

1
9
3
7

1
9
3
9

1
9
4
1

1
9
4
3

1
9
4
5

1
9
4
7

1
9
4
9

1
9
5
1

1
9
5
3

1
9
5
5

1
9
5
7

1
9
5
9

1
9
6
1

1
9
6
3

1
9
6
5

1
9
6
7

1
9
6
9

1
9
7
1

1
9
7
3

1
9
7
5

1
9
7
7

1
9
7
9

1
9
8
1

1
9
8
3

1
9
8
5

1
9
8
7

1
9
8
9

1
9
9
1

1
9
9
3

1
9
9
5

1
9
9
7

1
9
9
9

2
0
0
1

2
0
0
3

2
0
0
5

2
0
0
7

2
0
0
9

G
e

n
e

ra
ti

o
n

 (
M

W
h

) 

Year 

Great Falls - Dearborn Annual Generation 

UC-Base_2050 UC-Alt7_2050



0

50,000

100,000

150,000

200,000

250,000

300,000

1
9
2
9

1
9
3
1

1
9
3
3

1
9
3
5

1
9
3
7

1
9
3
9

1
9
4
1

1
9
4
3

1
9
4
5

1
9
4
7

1
9
4
9

1
9
5
1

1
9
5
3

1
9
5
5

1
9
5
7

1
9
5
9

1
9
6
1

1
9
6
3

1
9
6
5

1
9
6
7

1
9
6
9

1
9
7
1

1
9
7
3

1
9
7
5

1
9
7
7

1
9
7
9

1
9
8
1

1
9
8
3

1
9
8
5

1
9
8
7

1
9
8
9

1
9
9
1

1
9
9
3

1
9
9
5

1
9
9
7

1
9
9
9

2
0
0
1

2
0
0
3

2
0
0
5

2
0
0
7

2
0
0
9

G
e

n
e

ra
ti

o
n

 (
M

W
h

) 

Year 

Rocky Creek - Cedar Creek Annual Generation 
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J-1 
LIP Occurrence 

 

Period of Record 

 

 
 

  

  



POR 

(1929‐2010)

LIP Stage Base 2012 Alt 6 Alt 7 Base 2050 Alt 6 Alt 7 LIP Stage Base 2012 Alt 6 Alt 7 Base 2050 Alt 6 Alt 7

Normal 493 475 494 499 498 492 Normal 50% 48% 50% 51% 51% 50%

0 431 449 427 398 403 399 0 44% 46% 43% 40% 41% 41%

1 40 40 43 61 57 73 1 4% 4% 4% 6% 6% 7%

2 20 20 20 11 11 5 2 2% 2% 2% 1% 1% 1%

3 0 0 0 11 11 11 3 0% 0% 0% 1% 1% 1%

4 0 0 0 4 4 4 4 0% 0% 0% 0% 0% 0%

POR 

(1929‐2010)

LIP Stage Base 2012 Alt 6 Alt 7 Base 2050 Alt 6 Alt 7 LIP Stage Base 2012 Alt 6 Alt 7 Base 2050 Alt 6 Alt 7

Normal ‐ ‐18 1 ‐ ‐1 ‐7 Normal ‐ ‐2% 0% ‐ 0% ‐1%

0 ‐ 18 ‐4 ‐ 5 1 0 ‐ 2% ‐1% ‐ 1% 1%

1 ‐ 0 3 ‐ ‐4 12 1 ‐ 0% 0% ‐ 0% 1%

2 ‐ 0 0 ‐ 0 ‐6 2 ‐ 0% 0% ‐ 0% 0%

3 ‐ 0 0 ‐ 0 0 3 ‐ 0% 0% ‐ 0% 0%

4 ‐ 0 0 ‐ 0 0 4 ‐ 0% 0% ‐ 0% 0%

Difference of Months in Stage (compared to Base) Difference in Percent of Time in Stage (compared to Base)

Current (2012) Future (2050) Current (2012) Future (2050)

Current (2012) Future (2050) Current (2012) Future (2050)

Number of Months in Stage Percent of Time in Stage



LIP Stage Info 
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Low Inflow Protocol Details
for Scenario 'UC-Base_2012'

1/1/1929 to 12/1/2010

100% Target Storage Percentage Hydrologic Percentage LIP Stage

LIP Stage
Number of 

Occurrences

Percent of 

Time

-1 493 50%

0 431 44%

1 40 4%

2 20 2%

3 0 0%

4 0 0%

UC-Base_2012

1/1/1929 to 12/1/2010

LIP Stage Summary for 
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Low Inflow Protocol Details
for Scenario 'UC-Alt6_UC2050_2012'

1/1/1929 to 12/1/2010

100% Target Storage Percentage Hydrologic Percentage LIP Stage

LIP Stage
Number of 

Occurrences

Percent of 

Time

-1 475 48%

0 449 46%

1 40 4%

2 20 2%

3 0 0%

4 0 0%

UC-Alt6_UC2050_2012

1/1/1929 to 12/1/2010

LIP Stage Summary for 
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Low Inflow Protocol Details
for Scenario 'UC-Alt7_UC2050_2012'

1/1/1929 to 12/1/2010

100% Target Storage Percentage Hydrologic Percentage LIP Stage

LIP Stage
Number of 

Occurrences

Percent of 

Time

-1 494 50%

0 427 43%

1 43 4%

2 20 2%

3 0 0%

4 0 0%

UC-Alt7_UC2050_2012

1/1/1929 to 12/1/2010

LIP Stage Summary for 
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Low Inflow Protocol Details
for Scenario 'UC-Base_2050'

1/1/1929 to 12/1/2010

100% Target Storage Percentage Hydrologic Percentage LIP Stage

LIP Stage
Number of 

Occurrences

Percent of 

Time

-1 499 51%

0 398 40%

1 61 6%

2 11 1%

3 11 1%

4 4 0%

UC-Base_2050

1/1/1929 to 12/1/2010

LIP Stage Summary for 
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Low Inflow Protocol Details
for Scenario 'UC-Alt6_2050'

1/1/1929 to 12/1/2010

100% Target Storage Percentage Hydrologic Percentage LIP Stage

LIP Stage
Number of 

Occurrences

Percent of 

Time

-1 498 51%

0 403 41%

1 57 6%

2 11 1%

3 11 1%

4 4 0%

UC-Alt6_2050

1/1/1929 to 12/1/2010

LIP Stage Summary for 
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Low Inflow Protocol Details
for Scenario 'UC-Alt7_2050'

1/1/1929 to 12/1/2010

100% Target Storage Percentage Hydrologic Percentage LIP Stage

LIP Stage
Number of 

Occurrences

Percent of 

Time

-1 492 50%

0 399 41%

1 73 7%

2 5 1%

3 11 1%

4 4 0%

UC-Alt7_2050

1/1/1929 to 12/1/2010

LIP Stage Summary for 



  

  

J-2 
LIP Occurrence 

 

Drought 1 (1999-2003) 

 

 
 

  

  



Drought 1

(1999‐2003)

LIP Stage Base 2012 Alt 6 Alt 7 Base 2050 Alt 6 Alt 7 LIP Stage Base 2012 Alt 6 Alt 7 Base 2050 Alt 6 Alt 7

Normal 10 10 10 9 9 9 Normal 17% 17% 17% 15% 15% 15%

0 37 37 37 34 34 28 0 62% 62% 62% 57% 57% 47%

1 13 13 13 11 11 23 1 22% 22% 22% 18% 18% 38%

2 0 0 0 6 6 0 2 0% 0% 0% 10% 10% 0%

3 0 0 0 0 0 0 3 0% 0% 0% 0% 0% 0%

4 0 0 0 0 0 0 4 0% 0% 0% 0% 0% 0%

POR 

(1929‐2010)

LIP Stage Base 2012 Alt 6 Alt 7 Base 2050 Alt 6 Alt 7 LIP Stage Base 2012 Alt 6 Alt 7 Base 2050 Alt 6 Alt 7

Normal ‐ 0 0 ‐ 0 0 Normal ‐ 0% 0% ‐ 0% 0%
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Drought 2

(2006‐2009)

LIP Stage Base 2012 Alt 6 Alt 7 Base 2050 Alt 6 Alt 7 LIP Stage Base 2012 Alt 6 Alt 7 Base 2050 Alt 6 Alt 7

Normal 10 10 10 9 9 9 Normal 21% 21% 21% 19% 19% 19%

0 9 9 9 9 10 10 0 19% 19% 19% 19% 21% 21%

1 9 9 9 10 9 9 1 19% 19% 19% 21% 19% 19%

2 20 20 20 5 5 5 2 42% 42% 42% 10% 10% 10%

3 0 0 0 11 11 11 3 0% 0% 0% 23% 23% 23%

4 0 0 0 4 4 4 4 0% 0% 0% 8% 8% 8%

POR 

(1929‐2010)

LIP Stage Base 2012 Alt 6 Alt 7 Base 2050 Alt 6 Alt 7 LIP Stage Base 2012 Alt 6 Alt 7 Base 2050 Alt 6 Alt 7

Normal ‐ 0 0 ‐ 0 0 Normal ‐ 0% 0% ‐ 0% 0%

0 ‐ 0 0 ‐ 1 1 0 ‐ 0% 0% ‐ 2% 2%

1 ‐ 0 0 ‐ ‐1 ‐1 1 ‐ 0% 0% ‐ ‐2% ‐2%

2 ‐ 0 0 ‐ 0 0 2 ‐ 0% 0% ‐ 0% 0%

3 ‐ 0 0 ‐ 0 0 3 ‐ 0% 0% ‐ 0% 0%

4 ‐ 0 0 ‐ 0 0 4 ‐ 0% 0% ‐ 0% 0%

Difference of Months in Stage (compared to Base) Difference in Percent of Time in Stage (compared to Base)

Current (2012) Future (2050) Current (2012) Future (2050)

Number of Months in Stage Percent of Time in Stage

Current (2012) Future (2050) Current (2012) Future (2050)
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EXECUTIVE SUMMARY 

 

Duke Energy and Union County contracted with HDR Engineering, Inc. of the Carolinas (HDR) 

to update an existing operations model of the Yadkin–Pee Dee Basin in North Carolina.  The 

existing water quantity / hydro operations model was developed to support the Yadkin–Pee Dee 

Hydroelectric Project (No. 2206) Federal Energy Regulatory Commission (FERC) relicensing 

using HDR’s proprietary CHEOPS™ (Computerized Hydro Electric Operations Planning 

Software) platform and included the six hydroelectric developments on the Yadkin–Pee Dee 

River from High Rock reservoir through Blewett Falls reservoir, all in North Carolina.  

 

CHEOPS is specifically designed to evaluate the effects of operational changes and physical 

modifications at multi-development hydroelectric projects.  The model, as developed for 

relicensing, included the Duke Energy-owned Yadkin-Pee Dee Hydroelectric Project, FERC No. 

2206, which includes the Tillery and Blewett Falls Developments, and the upstream Alcoa 

Power Generating, Inc. (APGI)-owned Yadkin Hydroelectric Project, FERC No. 2197, which 

includes the High Rock, Tuckertown, Narrows, and Falls Developments.  The relicensing 

operations model has been updated to include the most-upstream reservoir, W. Kerr Scott, owned 

by the U.S. Army Corps of Engineers (USACE).  The seven aforementioned Duke Energy, 

APGI, and USACE facilities are collectively referred to as “the system.”  This expanded model 

is intended to be used as a tool to assist in evaluating water quantity distribution between the 

seven reservoirs due to changes in model inputs including various operational modifications and 

possible inter-basin transfers (IBT).  This will be performed by reviewing relative change 

between proposed operational modifications within the system.    

 

This report characterizes the development and verification of the customized Yadkin–Pee Dee 

CHEOPS Model (Model) by loading the physical and operational parameters specific to the 

system.  The operating logic for seven reservoirs has been added based on existing and future 

station operating plans in accordance with information provided by Duke Energy, APGI, and 

publically available W. Kerr Scott data.  Operating logic is a single set of rules per scenario and 

does not account for changes in external conditions for a single model run.  A model calibration 

and validation process has been developed for the period of 1997-2003, applying the basic law of 
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mass continuity between the reservoirs.  The period was selected based on the completion of all 

reservoirs and the best available records of constant plant operation and reservoir elevations.  A 

significant portion of the work for the operation model development included the calculation of 

unimpaired inflow hydrology for the system.  The unimpaired inflow (UIF) data for the system 

was generated from United States Geological Survey (USGS) reported historical flows and 

estimated historical water use data.  A simulation model is a decision support tool and is not 

intended to simulate or predict exact future conditions on a daily or annual basis.  The operations 

model was constructed to compare different scenarios by reviewing relative changes between 

proposed operational modifications within the system.  This is done using historic inflows (i.e., 

UIF) to simulate likely future conditions, as if the inflow will occur in the same pattern in the 

future as occurred in the past.  

 

Development of the Yadkin–Pee Dee Model was based on input and physical characteristics of 

each hydro facility previously developed for the same river basin as part of the Yadkin–Pee Dee 

Hydroelectric Project FERC relicensing and updated over time as information became available 

(Progress Energy 2006).   

 

Using average daily inflow as input, the Model simulates operations to budget water between 

reservoirs (nodes) so that all constraints (physical, environmental, and operational) are met while 

maximizing peak period hydro turbine energy as a lower priority objective.  This model allows 

for user-defined customization of specific constraints within the system, such as flow 

requirements, target reservoir elevations, powerhouse equipment constraints, and water 

withdrawals and returns. 

 

The purpose of this report is to document inputs and assumptions used in the development of the 

Model, to demonstrate the model reasonably characterizes operations of the two Duke Energy, 

four APGI, and single USACE facilities modeled, and to demonstrate the model is adequate for 

use in evaluating the effects of alternative scenarios.   
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Model verification is intended to validate the input data and ability of the programmed logic in 

simulating daily hydroelectric and reservoir operations.  HDR performed model verification by 

comparing actual and model-estimated generation and discharge.  The verification simulations 

were completed for relatively recent hydrologic years with best available historical reservoir 

operations over a wide range of hydrologic and reservoir operations conditions.   

 

The Model is coded to run day-to-day operations based on a single set of operating conditions or 

rules.  Actual project operations generally follow the operating rules; however, human 

intervention periodically deviates from the general operating rules to accommodate day-to-day 

realities such as equipment failure and maintenance, changing hydrologic conditions, power 

demands, and other factors.   

 

The verification was performed using historical operations data provided by Duke Energy, 

APGI, and the USACE.  Verification scenarios were developed to test the facility operation rules 

in an attempt to replicate daily human decision making with respect to typical operating 

requirements of the system.  Verification of the Model was completed using two different 

scenarios (model runs).  The first model run performs a verification of the model input data, 

logic, and conditions of the Historical Baseline scenario for calendar years 1997 through 2003.  

In addition to the Historical Baseline scenario, a second verification scenario was developed to 

simulate the detailed operations for calendar year 2001.   

 

In the opinion of HDR, verification results show the operations model and the hydrologic inputs 

compare favorably to historical data, reasonably characterize system operations, and are 

appropriate for use in evaluating the effects of alternative operating scenarios on generation, 

reservoir levels, and outflows.  The CHEOPS software and the Yadkin–Pee Dee Model are tools 

that, as this report demonstrates, can be successfully used to evaluate the relative sensitivity and 

response of the system modeled to changing operational constraints.  As with any model, 

accuracy is highly dependent on input data; consequently, model results should be viewed in a 

relative, rather than an absolute, context.   
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1.0 INTRODUCTION 

 

Duke Energy and Union County contracted with HDR Engineering, Inc. of the Carolinas (HDR) 

to update an existing operations model of the Yadkin–Pee Dee Basin in North Carolina.  The 

existing water quantity / hydro operations model was developed to support the Yadkin–Pee Dee 

Hydroelectric Project (No. 2206) Federal Energy Regulatory Commission (FERC) relicensing 

using HDR’s proprietary CHEOPS™ (Computerized Hydro Electric Operations Planning 

Software) platform and included the six hydroelectric developments on the Yadkin–Pee Dee 

River from High Rock reservoir through Blewett Falls reservoir, all in North Carolina.  

 

CHEOPS is specifically designed to evaluate the effects of operational changes and physical 

modifications at multi-development hydroelectric projects.  The model, as developed for 

relicensing, included the Duke Energy-owned Yadkin-Pee Dee Hydroelectric Project, which 

includes the Tillery and Blewett Falls Developments, and the upstream Alcoa Power Generating, 

Inc. (APGI)-owned Yadkin Hydroelectric Project, FERC No. 2197, which includes the High 

Rock, Tuckertown, Narrows, and Falls Developments.  The relicensing operations model has 

been updated to include the most-upstream reservoir, W. Kerr Scott, owned by the U.S. Army 

Corps of Engineers (USACE).  The seven aforementioned Duke Energy, APGI, and USACE 

facilities are collectively referred to as “the system.”  This expanded Yadkin–Pee Dee CHEOPS 

Model (Model) is intended to be used as a tool to assist in evaluating water quantity distribution 

between the seven reservoirs due to changes in model inputs including various operational 

modifications and possible inter-basin transfers (IBT).  This will be performed by reviewing 

relative change between proposed operational modifications within the system.  A project 

location map of the seven aforementioned Duke Energy, APGI, and USACE facilities, 

collectively referred to as “the system,” is provided in Figure 1-1. 

 

CHEOPS is specifically designed to evaluate the effects of operational changes and physical 

modifications at multi-development hydroelectric projects.  CHEOPS has been applied to 

evaluate the physical and operational changes considered during the FERC relicensing of more 

than 25 projects.  The Yadkin–Pee Dee Model of the system (minus W. Kerr Scott), was applied 

throughout the FERC relicensing process for the Yadkin-Pee Dee River Project (FERC No. 

2206). 



Section 1 Introduction 
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FIGURE 1-1 

PROJECT LOCATION MAP.
 1

 

 

                                                 
1  Exhibit A, Figure A-1, Yadkin-Pee Dee River Project (FERC No. 2206): Application for License.  April 2006. 
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HDR created the CHEOPS hydropower system simulation model as a tool for evaluating a wide 

range of physical changes (e.g., turbine upgrades) and operational constraints (e.g., minimum 

flows).  One of the many strengths of the CHEOPS model is the degree of customization each 

individual model contains.  The model is tailored to meet the demands of the particular system 

being modeled.  The Model was custom-configured for the system based on the specific system 

constraints such as flow requirements, target reservoir elevations, and powerhouse equipment 

constraints. 

 

The original Yadkin–Pee Dee Model was based on a Microsoft Visual Basic 6.0 platform.  For 

increased performance, the model has since been updated to Microsoft .NET Framework in 

Visual Basic.  As previously indicated, the relicensing model did not include the W. Kerr Scott 

Reservoir.  The Model has since been updated to include W. Kerr Scott operational logic.  The 

newer “Build” of the CHEOPS software provides additional logic support for the low inflow 

protocol (LIP) as outlined in the Comprehensive Settlement Agreement (CSA), (Progress Energy 

2007).   

 

The Model utilizes daily flows, plant-generating characteristics, and operating criteria of the 

system to simulate operation, allocate flow releases, and calculate energy production within the 

system.  The Model calculates reservoir elevation, headlosses, net head, turbine discharge and 

spill, and power generation in 15-minute increments.  The Model is designed for long-term 

analysis of the effects of operational and physical changes made to the modeled hydro/reservoir 

system. 

 

Model verification is intended to validate the input data and ability of the programmed logic in 

simulating daily hydroelectric and reservoir operations.  A “Historical Baseline” scenario was 

established following the historic system-wide operation rules outlined in the model verification 

process.  HDR performed model verification using comparisons of actual and model-estimated 

generation and total discharge from each reservoir.  The verification simulations were completed 

for recent hydrologic years with best available historical reservoir operations over a wide range 

of hydrologic and reservoir operations conditions.  The purpose of this report is to document 
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inputs and assumptions used in the development of the Model, to demonstrate that the model 

reasonably characterizes operations of the seven facilities modeled, and to demonstrate the 

model is adequate for use in evaluating the effects of alternative operating scenarios (varying 

water use).   

 

The Model is coded to run day-to-day operations based on a single set of operating conditions or 

rules.  Actual project operations generally follow the operating rules; however, human 

intervention periodically deviates from the general operating rules to accommodate day-to-day 

realities such as equipment failure and maintenance, changing hydrologic conditions, power 

demands, and other factors.  In addition to differences between modeled operations versus actual 

operations that include human interventions, there are also inherent discrepancies due to input 

data inaccuracies (e.g., differences in calculated hydrology data, turbine or generator efficiencies, 

or reservoir storage curves).  It is important to understand model results will never completely 

match historical or future operations due to these differences between actual operating conditions 

and modeled conditions. 
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2.0 PROJECT DATA 

 

Duke Energy owns and operates the Yadkin–Pee Dee Hydroelectric Project, FERC No 2206 

(consisting of the Tillery Development and the Blewett Falls Development); APGI owns and 

operates the Yadkin Hydroelectric Project, FERC No. 2197 (consisting of the High Rock 

Development, Tuckertown Development, Narrows Development, and the Falls Development); 

the USACE owns and operates the W. Kerr Scott Project.  Each facility is linked in series within 

the Model and consists of dams and multi-unit powerhouses as shown in Table 2-1.  Table 2-2 

provides the drainage area of each of the facilities.   

TABLE 2-1 

YADKIN-PEE DEE RIVER BASIN - MODELED SYSTEM 

Facility Upstream Reservoir Project Type 

W. Kerr Scott –– Non-Generating 

High Rock W. Kerr Scott Conventional Hydro 

Tuckertown High Rock Conventional Hydro 

Narrows Tuckertown Conventional Hydro 

Falls Narrows Conventional Hydro 

Tillery Falls Conventional Hydro 

Blewett Falls Tillery Conventional Hydro 

 

TABLE 2-2 

DRAINAGE AREA OF EACH FACILITY 

Facility 
Drainage Area 

(mi
2
) 

Blewett Falls 6,839 

Tillery 4,600 

Falls 4,190 

Narrows 4,180 

Tuckertown 4,080 

High Rock 3,973 

W. Kerr Scott 367 
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2.1 W. Kerr Scott Project 

W. Kerr Scott Dam is located on the Yadkin River approximately five river miles (RM) upstream 

of Wilkesboro, NC.  The dam is about 55 miles west of Winston-Salem, NC and about 65 miles 

north of Charlotte, NC.  W. Kerr Scott Dam is an earthen structure having a top elevation of 

1,107.5 ft. above mean sea level (msl) and an overall length of 1,750 ft.  The watershed covers 

parts of Wilkes, Caldwell, and Watauga counties.  The normal pool elevation of W. Kerr Scott 

reservoir is 1,030 ft. msl, and there is approximately 41,000 acre-feet of storage at the normal 

pool elevation.  The drainage area above W. Kerr Scott Dam is 367 square miles.  The W. Kerr 

Scott project is authorized for the purposes of flood control, water supply, recreation, and fish 

and wildlife. (USACE 2014).  There is no power generation at the project.  Water releases are 

made from a controlled outlet structure. 

2.2 High Rock Development 

The Yadkin River flows out of the W. Kerr Scott Dam and flows through approximately 

132 miles of a riverine reach into and through High Rock Lake.  The High Rock Development is 

located in Davidson, Davie, and Rowan counties, North Carolina.  High Rock Dam is a concrete 

gravity structure comprised of two short non-overflow sections, a Stoney gate-controlled 

spillway section, and an integral intake/powerhouse section.  The drainage area above High Rock 

Dam is 3,973 square miles.  The dam impounds High Rock Reservoir, which has an available 

storage capacity of approximately 217,400 acre-feet at the normal full pool elevation of 623.9 ft. 

msl, based on a drawdown of 30 ft.  High Rock Reservoir extends upstream about 19 miles to 

Yadkin North Fork and Hanna’s Ferry, and at full pool elevation, the reservoir has a surface area 

of approximately 15,180 acres.  The High Rock powerhouse contains three vertical Francis 

turbines, each operating under a net head of approximately 55.0 ft. (APGI 2006). 

 

2.3 Tuckertown Development 

The Tuckertown Development is located in Davidson, Montgomery, Rowan, and Stanly 

counties, North Carolina.  Tuckertown Dam consists of a rockfill embankment section, an 

earthfill embankment section, three non-overflow concrete gravity sections, a Tainter gate 
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spillway section, and an integral intake/powerhouse.  The drainage area above Tuckertown Dam 

is 4,080 square miles and impounds approximately 6,700 acre-feet at the normal full pool 

elevation of 564.7 ft. msl, based on a drawdown of 3 ft.  The Tuckertown powerhouse contains 

three Kaplan turbines, each operating under a net head of approximately 53.5 ft. (APGI 2006). 

2.4 Narrows Development 

The Narrows Development is located in Davidson, Montgomery, and Stanly counties, North 

Carolina.  Narrows Dam consists of a main dam section and a bypass spillway section.  The main 

dam section is a concrete gravity structure that consists of a non-overflow gravity section, a 

Tainter gate-controlled spillway section, a Stoney gate side channel spillway structure, a trash 

gate section, an intake section, a downstream powerhouse, and four steel penstocks.  The 

drainage area above Narrows Dam is 4,180 square miles and impounds approximately 129,100 

acre-feet at the normal full pool elevation of 509.8 ft. msl, based on a drawdown of 31.1 ft.  The 

Narrows powerhouse contains four vertical Francis turbines, each operating under a net head of 

approximately 174.5 ft. (APGI 2006). 

 

2.5 Falls Development 

The Falls Development is located in Montgomery and Stanly counties, North Carolina.  Falls 

Dam is a concrete gravity structure.  The development consists of a non-overflow gravity 

section, a Stoney gate-controlled spillway section, a Tainter gate-controlled spillway section, a 

trash gate section, and an integral intake/powerhouse section.  The drainage area above Falls 

Dam is 4,190 square miles and impounds approximately 760 acre-feet at the normal full pool 

elevation of 332.8 ft. msl, based on a drawdown of 4 ft.  The Falls powerhouse contains one 

S. Morgan Smith vertical Francis turbine unit (Unit 1) and two Allis Chalmers propeller-type 

turbine units (Units 2 and 3), each operating under a net head of approximately 54.0 ft.  

(APGI 2006). 
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2.6 Tillery Development 

The Tillery Development is located in Montgomery and Stanly counties, four miles west of 

Mount Gilead, North Carolina.  Tillery Dam (also known as Norwood Dam) consists of 

approximately 1,200 ft of earthen embankment and 1,550 ft of concrete gravity structures.  The 

Tillery Dam creates the impoundment known as Lake Tillery.  The drainage area above Tillery 

Dam is approximately 4,600 square miles.  The impoundment extends approximately 16 miles to 

the tailwater of APGI’s Falls Development.  At the normal maximum reservoir elevation of 

278 ft. msl, Lake Tillery impounds approximately 84,150 acre-feet of usable storage.  The 

Tillery powerhouse contains three Francis turbines and one fixed-blade propeller turbine, each 

operating under a net head of approximately 70.0 ft.  The powerhouse also contains a small 

Francis auxiliary turbine for driving a “house generator.”  (Progress Energy 2006).  

 

2.7 Blewett Falls Development 

Outflows from the Tillery Development flow into Blewett Falls Lake after passing through a 19-

mile riverine reach of the Yadkin-Pee Dee River.  The Blewett Falls Dam and powerhouse are 

located at river mile 188, approximately 15 miles upstream of the North Carolina-South Carolina 

state line.  The Blewett Falls Development consists of a concrete gravity ogee-crested spillway 

with 4-ft wooden flashboards and easterly and westerly earthen embankments.  The concrete 

spillway crest is approximately at elevation 176 ft. msl.  The drainage area above Blewett Falls 

Dam is approximately 6,839 square miles.  At the normal maximum reservoir elevation of 178 ft. 

msl, Blewett Falls Reservoir impounds approximately 30,893 acre-feet of usable storage, 

corresponding to 17 ft of drawdown.  The Blewett Falls powerhouse contains six generating 

units, each operating under a net head of approximately 47.0 ft.  Each generator is driven by two 

identical hydraulic turbines operating in tandem.  Each turbine consists of two runners; therefore, 

each unit contains four separate runners.  This configuration is referred to as a “quad-runner” 

alignment.  Each of the 12 hydraulic turbines, manufactured by S. Morgan Smith, is of a 

horizontal-shaft, double-opposed runner, single-discharge configuration.  (Progress Energy 

2006).  
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2.8 Hydrology 

A significant input to the Model is a reconstructed inflow data set unimpaired by system 

operations (unimpaired inflow [UIF]), subdivided by reservoir node for each of the seven 

reservoirs included in the Model.  This section describes the development of hydrology data for 

the Yadkin River extending from the W. Kerr Scott Project to Blewett Falls Dam. 

 

The headwaters of the Yadkin-Pee Dee River originate in the Blue Ridge Mountains of north-

central North Carolina.  The river flows east-southeast through the Piedmont region of central 

North Carolina, and then into the Uwharrie Lakes region where the Projects are located 

(Figure 1-1).  Below the Blewett Falls plant, the Pee Dee River flows another 188 miles through 

the upper and lower Coastal Plain region before it reaches the Atlantic Ocean at Winyah Bay 

near Georgetown, South Carolina.  A schematic of the system is shown in Figure 2-1.  (Progress 

Energy 2006).  Water losses in the system due to reservoir evaporation are estimated as part of 

the model simulation following the logic outlined in Section 3.2.2.2.   

 

The unimpaired hydrology was estimated by means of proration of the streamflow data from 

reference basins.  The proration method estimates unimpaired flows for a region of interest by 

utilizing one or more reference basins with available representative data.  The proration method 

gives an estimate of unimpaired flows for a given watershed of interest by scaling the reference 

basin as follows: 

 

Where: Qtarget is the flow (cubic feet per second [cfs]) for the basin of interest,  

 Qreference is the flow (cfs) for the reference basin, 

 Atarget is the drainage area (square miles) for the basin of interest, 

 Areference is the drainage area (square miles) for the reference basin. 

reference

reference

target

target Q
A

A
Q
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FIGURE 2-1 

PROJECT SCHEMATIC.
 2

 

 

 

                                                 
2  Exhibit B, Figure B-3, Yadkin-Pee Dee River Project (FERC No. 2206): Application for License.  April 2006. 
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Drainage areas were taken directly from U.S. Geological Survey (USGS) records where 

available, or by using Geographic Information Systems (GIS)-based calculations; drainage areas 

and river miles are shown in Figure 2-1. 

 

2.8.1 Proration 

Proration requires at least one reference basin with reliable data sources of sufficient duration, 

and a hydrology that is reasonably similar to the hydrology of the basin of interest.  The 

reference basin(s) should be similar in basin characteristics to the basin of interest, it should have 

good streamflow data for a sufficiently long period of record, and, if possible, an unimpaired 

hydrology to begin with or a minimally impaired hydrology to minimize cumulative errors 

associated with gage summations.  If the unimpaired flow data for the reference watershed is 

reasonably accurate, then the proration method is very effective when applied to watersheds with 

similar physical characteristics (e.g., climate, topography, elevation, geology).  However, as the 

physical characteristics of the watershed of interest deviate from that of the reference watershed, 

the prorated unimpaired flow data will include deviations that are related to the degree of 

differences in watershed characteristics.  This was accounted for by selecting a drainage basin 

with similar physical characteristics as the basin of interest; in this case, sub-basins of the larger 

basin of interest. 

 

The development of reference hydrographs for the system began with a compilation of the 

available USGS gages in the vicinity of the area of interest (Table 2-3). 

 

This list of gages was reviewed for applicability based on the period of record, drainage area 

size, productivity (cfs/square mile), and accuracy of the gage.  The color-coding provided in 

Table 2-3 shows the first step in the process of searching for a reference basin based on initial 

screening selection criteria.  The three initial screening methodologies are described below: 

 

■ Period of Record – The period of record (POR) identified of interest was 1/1/1955 

through 12/31/2013.  Gages were considered for exclusion that did not extend back 

through 1955, or which did not extend through 2013. 
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■ Productivity – Historical operation records were evaluated to determine approximate 

basin productivity for each basin of interest.  This was then compared to the productivity 

of potential reference gages to determine gages with significantly different productivity. 

■ Gage Accuracy - The USGS reports the gage locations were plotted on an isohyets map of 

the average annual precipitation in inches/year for the years of 1961 to 1990.  This enabled 

the identification of gages with significantly different precipitation characteristics. 

 

From the initial comprehensive list of all gages in the basin, the gages noted in Table 2-3 were 

selected as possible data sources for the development of hydrology for the system.  These gages 

were then filtered according to the color coding in Table 2-3.  The result was 8 gages were 

identified as reference gages for the system.  These gages were selected for each basin of interest 

based on proximity and productivity.  The USGS gages 02120780 and 02125000 were combined 

to create a single record (02120780 for the period 4/1/1979 through 12/31/2013 and 02125000 

for the period 1/1/1955 through 3/31/1979).   
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TABLE 2-3 

POTENTIAL REFERENCE GAGES 

Gage 
Drainage Area 

(mi
2
) 

Start Date End Date 

02111000 YADKIN RIVER AT PATTERSON, NC 29 10/1/1939 Present 

02111180 ELK CREEK AT ELKVILLE, NC 51 10/1/1965 Present 

02111500 REDDIES RIVER AT NORTH WILKESBORO, 

NC 

90 10/1/1939 Present 

02112120 ROARING RIVER NEAR ROARING RIVER, 

NC 

128 4/1/1964 Present 

02112360 MITCHELL RIVER NEAR STATE ROAD, NC 79 4/1/1964 Present 

02113850 ARARAT RIVER AT ARARAT, NC 231 4/1/1964 Present 

02114450 LITTLE YADKIN RIVER AT DALTON, NC 43 8/1/1960 Present 

02118000 SOUTH YADKIN RIVER NEAR 

MOCKSVILLE, NC 

306 10/1/1938 Present 

02118500 HUNTING CREEK NEAR HARMONY, NC 155 1/1/1951 Present 

02121500 ABBOTTS CREEK AT LEXINGTON, NC 174 10/1/1988 Present 

02120780 SECOND CREEK NEAR BARBER, NC 118 4/1/1979 Present 

02125000 BIG BEAR CR NR RICHFIELD, NC 56 4/1/1954 9/30/2010 

02126000 ROCKY RIVER NEAR NORWOOD, NC 1,372 10/1/1929 Present 

02128000 LITTLE RIVER NEAR STAR, NC 106 4/1/1954 Present 

02133500 DROWNING CREEK NEAR HOFFMAN, NC 183 10/1/1939 Present 

2113000 FISHER RIVER NEAR COPELAND, NC 128 10/1/1931 9/30/2010 

212414900 MALLARD CREEK BELOW STONY CREEK 35 10/1/2007 Present 

Legend For Table 2-3: 

Short Period of Record / No Recent Hydrology 

USGS Reports Some Records Poor 

 

2.8.2 Hind-casting of Historical Water Use 

As part of the model development and verification, historical water use data was developed for 

each of the entities in the Yadkin River Basin (Basin) study area.  Historical water use data from 

1997 through 2012 was compiled for each of the entities.  As part of the development of 

unimpaired flows, hind-casted water use data from 1955 through 1996 in cfs was developed for 

those entities located upstream of the identified potential USGS stream gages.  The historical and 

hind-casted water uses were added back (withdrawals as positive values and returns as negative 

http://waterdata.usgs.gov/nwis/nwisman/?site_no=02111180
http://waterdata.usgs.gov/nwis/nwisman/?site_no=02111500
http://waterdata.usgs.gov/nwis/nwisman/?site_no=02111500
http://waterdata.usgs.gov/nwis/nwisman/?site_no=02112120
http://waterdata.usgs.gov/nwis/nwisman/?site_no=02112120
http://waterdata.usgs.gov/nwis/nwisman/?site_no=02112360
http://waterdata.usgs.gov/nwis/nwisman/?site_no=02113850
http://waterdata.usgs.gov/nwis/nwisman/?site_no=02114450
http://waterdata.usgs.gov/nwis/nwisman/?site_no=02118000
http://waterdata.usgs.gov/nwis/nwisman/?site_no=02118000
http://waterdata.usgs.gov/nwis/nwisman/?site_no=02118500
http://waterdata.usgs.gov/nwis/nwisman/?site_no=02121500
http://waterdata.usgs.gov/nwis/nwisman/?site_no=02120780
http://waterdata.usgs.gov/nwis/nwisman/?site_no=02125000
http://waterdata.usgs.gov/nwis/nwisman/?site_no=02126000
http://waterdata.usgs.gov/nwis/nwisman/?site_no=02128000
http://waterdata.usgs.gov/nwis/nwisman/?site_no=02133500
http://water.usgs.gov/nc/nwis/uv/?site_no=02113000&PARAmeter_cd=00065,00060
http://water.usgs.gov/nc/nwis/uv/?site_no=0212414900&PARAmeter_cd=00065,00060
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values) to the reported daily USGS flows to create daily average unimpaired reference flows in 

cfs.  Monthly hind-casted and historical water uses are presented in Appendix A. 

 

The types of water use entities evaluated for this effort were grouped into the following major 

categories: 

 

 Public Water Supplies and Wastewater Utilities – Municipal and other utility agencies 

with systems that withdraw and treat water for public consumption and residential, 

commercial, and industrial use, as well as those systems that treat wastewater and return 

it to a surface water source.  

 Direct Industrial – These industrial users have direct withdrawals and/or returns from 

surface water sources and utilize water in their manufacturing processes. 

 Thermal-Electric Power – The thermal-electric power facilities within the Basin that use 

water for cooling and other energy production needs. 

 Agricultural and Irrigation – Agricultural and irrigation (A&I) users include farms, golf 

courses, and other facilities that use water for livestock production, irrigation, and other 

purposes. 

The following describes the basis for developing the historical data for each of the categories 

outlined above: 

 

 Public Water Supplies and Wastewater Utilities – Historical monthly withdrawal and 

return data from 1997 and 2002 through 2012 was provided by the North Carolina 

Department of Water Resources (NCDWR).  The data from 1998 through 2001 was 

calculated using straight-line interpolation.  For the hind-casting calculations from 1955 

through 1996, the withdrawals and returns were based on the prior year’s flows and 

assumed that the historical water use followed the county population Annual Growth 

Rate (AGR) derived from the U.S. Census data for that decade.   
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 Direct Industrial – Historical monthly withdrawal and return data from 1997 and 2002 

through 2102 was provided by the NCDWR.  The data from 1998 through 2011 was 

calculated using straight-line interpolation.  For the hind-casting calculations from 1955 

through 1996, the withdrawals and returns were based on the average of the known flows 

from 1997 through 2012 for a given month.   

 Thermal-Electric Power – The historical data from 1997 through 2012 was provided by 

Duke Energy, who has the only Thermal Electric Power plants in the Basin study area.  

Hind-casting was not performed, as none of these facilities was located upstream of the 

stream gages of interest. 

 Agricultural and Irrigation – Agricultural and Irrigation use was calculated using 

historical data from the USGS in five-year increments from 1990, 1995, 2000, and 2005 

for North Carolina, South Carolina, and Virginia.  The data include crop, livestock, and 

golf withdrawals.  A&I water withdrawals were assumed to be completely consumptive 

and, for a given county, consumed uniformly over that county’s land area.  To develop 

the withdrawals, the percentage of a county’s land area within a particular reservoir’s 

watershed was assumed to be commensurate with the percentage of that county’s total 

A&I water withdrawal taken from that watershed.  In performing these calculations, it 

was determined that the A&I water use reported in the USGS database varies 

considerably between reporting years, and no definitive trend in water use exists.  

Therefore, the greatest water withdrawal from the 1990, 1995, 2000, and 2005 USGS 

datasets was selected as the county water use for all historical A&I consumption.  For 

each category (crop, livestock, and golf), these values were multiplied by the percentage 

of each county that lies within the basin.  A monthly coefficient was established for the 

A&I water withdrawals to account for irrigation use trends during the irrigation season of 

each year.  North Carolina Agricultural Use Data from 2009-2011 was used from the 

North Carolina Department of Agriculture and Consumer Services.  Data for irrigation 

and livestock withdrawals, not including aquaculture, was used.  The monthly coefficient 

was developed by taking the 2009 through 2011 average monthly withdrawals divided by 

the total average yearly withdrawals for those years.   
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2.8.3 Unimpaired Inflow Development 

The unimpaired reference gage flows were selected and applied to develop estimated unimpaired 

inflows to each basin of interest as follows: 

 W. Kerr Scott – USGS 02111000 Yadkin River at Patterson, NC and 02111500 Reddies 

River at North Wilkesboro, NC were selected as the reference gages for the W. Kerr 

Scott basin.  Due to productivity, the unimpaired Yadkin River gage flows were prorated 

following the proration method outlined in Section 2.8 to equate to a drainage area of 

276 square miles.  The prorated unimpaired Yadkin River flows were then added to the 

unimpaired Reddies River gage flows (89.2 square miles) to develop the final W. Kerr 

Scott unimpaired inflows.  

 High Rock Incremental (High Rock Dam to Outlet of W. Kerr Scott Dam) – USGS 

02118500 Hunting Creek near Harmony, NC, 02118000 South Yadkin River near 

Mocksville, NC  and 02128000 Little River near Star, NC were selected as the reference 

gages for the High Rock incremental basin.  The unimpaired reference flows were 

prorated to the High Rock incremental drainage area of 3,608 square miles assuming the 

following: 

        {[(
           
           

)  (
           
           

)  (
           
           

)]   }          

o Where:  Qtarget is the flow (cfs) for the High Rock Incremental basin,  

o Atarget is the drainage area (square miles) for the basin of interest  

o Qreference1 is the flow (cfs) for the unimpaired 02118500 basin, 

o Areference1 is the drainage area (square miles) for the 02118500 basin, 

o Qreference2 is the flow (cfs) for the unimpaired 02118000 basin, 

o Areference2 is the drainage area (square miles) for the 02118000 basin, 

o Qreference3 is the flow (cfs) for the unimpaired 02128000 basin, 

o Areference3 is the drainage area (square miles) for the 02128000 basin. 
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 Tuckertown Incremental (Tuckertown Dam to Outlet of High Rock Dam) – USGS 

02120780 Second Creek near Barber, NC filled in with 02125000 Big Bear Creek near 

Richfield, NC was selected as the reference gage for the Tuckertown incremental basin.  

The unimpaired reference gage flows were prorated following the proration method 

outlined in Section 2.8 to equate to the Tuckertown incremental drainage area of 

107 square miles.   

 Narrows Incremental (Narrows Dam to Outlet of Tuckertown Dam) – USGS 

02120780 Second Creek near Barber, NC filled in with 02125000 Big Bear Creek near 

Richfield, NC was selected as the reference gage for the Narrows incremental basin.  The 

unimpaired reference gage flows were prorated following the proration method outlined 

in Section 2.8 to equate to the Narrows incremental drainage area of 100 square miles.   

 Falls Incremental (Falls Dam to Outlet of Narrows Dam) – USGS 02120780 Second 

Creek near Barber, NC filled in with 02125000 Big Bear Creek near Richfield, NC was 

selected as the reference gage for the Falls incremental basin.  The unimpaired reference 

gage flows were prorated following the proration method outlined in Section 2.8 to 

equate to the Falls incremental drainage area of 10 square miles.   

 Tillery Incremental (Tillery Dam to Outlet of Falls Dam) – USGS 02118000 South 

Yadkin River near Mocksville, NC was selected as the reference gage for the Tillery 

incremental basin.  The unimpaired reference gage flows were prorated following the 

proration method outlined in Section 2.8 to equate to the Tillery incremental drainage 

area of 410 square miles.   

 Blewett Falls Incremental (Blewett Falls Dam to Outlet of Tillery Dam) – USGS 

02118500 Hunting Creek near Harmony, NC, 02126000 Rocky River near, NC, and 

02128000 Little River near Star, NC were selected as the reference gages for the Blewett 

Falls incremental basin.  The unimpaired reference flows were prorated to the Blewett 

Falls incremental drainage area of 2,239 square mile assuming the following: 

        {[(
           
           

)  (
           
           

)  (
           
           

)]   }          

o Where:  Qtarget is the flow (cfs) for the High Rock Incremental basin,  

o Atarget is the drainage area (square miles) for the basin of interest  
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o Qreference1 is the flow (cfs) for the unimpaired 02118500 basin, 

o Areference1 is the drainage area (square miles) for the 02118500 basin, 

o Qreference2 is the flow (cfs) for the unimpaired 02126000 basin, 

o Areference2 is the drainage area (square miles) for the 02126000 basin, 

o Qreference3 is the flow (cfs) for the unimpaired 02128000 basin, 

o Areference3 is the drainage area (square miles) for the 02128000 basin. 

 

2.9 CHEOPS Model Logic Enhancements 

Enhancements made to the CHEOPS platform to support the Model include functionality 

enabling simulation of conditions such as the LIP, which was developed during the FERC 

relicensing process for the Yadkin and Yadkin–Pee Dee Hydroelectric Projects.  The LIP was 

simulated for future scenarios only, as it did not apply to historical operations. 

 

Additionally, the model has been custom configured to accommodate the High Rock Operating 

Guide.  River flows to Duke Energy’s Tillery and Blewett Falls developments are largely 

dependent on releases from APGI’s Yadkin Hydroelectric Project.  Flow releases from APGI’s 

Yadkin Hydroelectric Project to Duke Energy’s Tillery Development are governed by a FERC-

approved agreement between the parties.  This agreement requires APGI to operate in a manner 

that allows Duke Energy to meet its continuous flow requirements at Tillery and Blewett Falls.  

Yadkin’s seasonal operations are managed in accordance with a “rule curve” that guides the 

operation of High Rock Lake.
3
  From the Yadkin-Pee Dee River Project (FERC No. 2206): 

Initial Consultation Document, September 2002, the operating guide is as follows: 

The High Rock operating guide is presented in Figure 2.7-1.  (Figure 2.7-1 is referenced below 

in this report as Figure 2-2).  It should be noted that this figure presents reservoir elevation in 

terms of drawdown (in feet, right vertical axis) and depletion (in day-second-feet, left vertical 

                                                 
3  Exhibit A, Section 2.2, Yadkin-Pee Dee River Project (FERC No. 2206): Application for License.  April 2006. 
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axis).  The High Rock operating guide regulates energy generation, not headwater.  The 

following "rules" are applied to the guide to determine generation values:  

 Rule 1: If the elevation of High Rock Reservoir is greater than that indicated by Line 1 or 

if, during the next calendar week, the elevation of High Rock Reservoir is expected to be 

greater than indicated by Line 1, generate 32,088 MWh, maximum, (191,000 kW 

average) each week unless spill is anticipated.  If spill is anticipated, generation should 

be at maximum practicable rate. 

 Rule 2: If the elevation of High Rock Reservoir is greater than that indicated by Line 2, 

but less than that indicated by Line 1, generate 27,313 MWh maximum, (162.6 MW 

average), each week.  

 Rule 3: If the elevation of High Rock Reservoir is greater than that indicated by Line 3, 

but less than that indicated by Line 2, generate 21,583 MWh maximum, (128.5 MW 

average), each week.  

 Rule 4: If the elevation of High Rock Reservoir is greater than that indicated by line 4, 

but less than that indicated by Line 3, generate 16,044 MWh maximum, (95.5 MW 

average), each week.  

 Rule 5: If the elevation of High Rock Reservoir is greater than that indicated by Line 5, 

but less than that indicated by Line 4, generate 11,084 MWh maximum, (66.0 MW 

average), each week. 

 Rule 6: If the elevation at High Rock Reservoir is greater than that indicated by line 6, 

but less than that indicated by Line 5, generate 8,522 MWh maximum, (50.7 MW 

average), each week. 

 Rule 7: If the elevation of High Rock Reservoir is greater than 623.9 feet, but less than 

that indicated by Line 6, generate approximately 6,000 MWh each week to sustain a 

minimum release of 1800 cfs (35.7 MW) average weekly. 
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 Rule 8:  

a) March 6 through May 13: If the elevation of High Rock Reservoir is less than 

that indicated by Line 7, limit the discharge through High Rock turbines to 

1500 cfs, average for the period. 

b) May 14 through July 29: If the elevation of High Rock Reservoir is less than 

that indicated by Line 7, limit the discharge though High Rock turbines to 

1610 cfs, average for the period. 

c) July 30 through September 15: If the elevation of High Rock Reservoir is less 

than that indicated by Line 7, limit the discharge through High Rock turbines to 

1400 cfs, average for the period. 

 Note: In the event of conflict between Rule 8 and the other rules, Rule 8 will take 

precedence. 
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FIGURE 2-2 

HIGH ROCK DEVELOPMENT OPERATING GUIDE.
 4
 

 

                                                 
4  Figure 2.7-1, Yadkin-Pee Dee River Project (FERC No. 2206): Initial Consultation Document.  September 2002. 
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3.0 HISTORICAL BASELINE 

 

This section defines the development of the Historical Baseline scenario used for the verification 

of the Model.  Each sub-section defines specific inputs used in the Model verification to simulate 

historical operations.   

3.1 Model Logic 

Figures 3-1 and 3-2 give an overview of the model logic in sequence. 

FIGURE 3-1 

CHEOPS MODEL EXECUTION FLOW CHART 
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FIGURE 3-2 

CHEOPS MODEL SCHEDULING FLOW CHART 
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3.2 Model Scenario Definition/Input Data 

The project data listed in the following subsections shows the general operational constraints and 

physical parameters used in the Model to define the current system configuration used in the 

Historical Baseline and the Verification2001 scenario setup.  Model verification uses historical 

data and tests the ability of the model to simulate actual operations of all seven facilities.  To 

represent historical operations, the Historical Baseline and Verification2001 scenarios presented 

in this report are based on the Yadkin–Pee Dee Hydroelectric Project FERC Licensing Baseline 

scenario, with the additions outlined below:   

 

• W. Kerr Scott Project and Operations 

• 1955 – 2013 hydrologic dataset as outlined in Section 2.8. 

• Reservoir Area Estimates, outlined in Section 3.2.2.1  

• Reservoir Evaporation, outlined in Section 3.2.2.2 

• Water Use, outlined in Section 3.2.3.4 

• Estimated unit performance at the four APGI-owned developments, Section 3.2.4 

• Additionally, Verification2001 includes reservoir target elevations to reflect reported 

historical end-of-week elevations for calendar year 2001.   

 

Sections 3.2.1 through 3.2.4 are organized following the four components (System Data, 

Physical Data, Operational Data, and Generation Data) used in the Model to define the current 

system configuration for both the Historical Baseline and the Verification2001 scenario setups.  

 

3.2.1 System Data 

3.2.1.1 Load Shapes and Energy Values 

This section contains the load shape and energy value data common to all six generating 

facilities on the Yadkin River.  The Model load shape defines the daily schedule of relative 

power pricing and the hour durations of each price in the peak, off-peak, and shoulder periods.  

The load shape and energy value data common to all six generating facilities on the Yadkin 

River is presented in Table 3-1.  The model uses the load shape data to schedule the release of 

water throughout the day, prioritizing generation during peak periods.  Durations for load shape 

periods and dollar values for the weekday load shape periods were provided by Progress Energy 

as part of the Yadkin–Pee Dee Hydroelectric Project FERC relicensing.   
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TABLE 3-1 

LOAD SHAPE 

Month 

Weekday Durations in Hours Weekday Power Values in Dollars 

Morning 

Off-Peak 

Morning 

Secondary 

Peak 

Morning 

Peak 

Afternoon 

Secondary 

Peak 

Afternoon 

Peak 

Evening 

Secondary 

Peak 

Evening 

Off-Peak 
Off-Peak 

Secondary  

Peak 
Peak 

Jan 6 0 8 3 7 0 0 70 50 25 

Feb 6 0 8 3 7 0 0 70 50 25 

Mar 6 0 8 3 7 0 0 70 50 25 

Apr 6 0 8 3 7 0 0 70 50 25 

May 8 0 8 0 8 0 0 70 50 25 

Jun 8 0 8 0 8 0 0 70 50 25 

Jul 8 0 8 0 8 0 0 70 50 25 

Aug 8 0 8 0 8 0 0 70 50 25 

Sep 8 0 8 0 8 0 0 70 50 25 

Oct 8 0 8 0 8 0 0 70 50 25 

Nov 6 0 8 3 7 0 0 70 50 25 

Dec 6 0 8 3 7 0 0 70 50 25 

Month 

Weekend Durations in Hours Weekend Power Values in Dollars 

Morning 

Off-Peak 

Morning 

Peak 

Afternoon 

Off-Peak 
Afternoon Peak 

Evening 

Off-Peak 
Off-Peak Peak  

Jan 10 8 0 0 6 60 30 

Feb 10 8 0 0 6 60 30 

Mar 10 8 0 0 6 60 30 

Apr 10 8 0 0 6 60 30 

May 10 8 0 0 6 60 30 

Jun 10 8 0 0 6 60 30 

Jul 10 8 0 0 6 60 30 

Aug 10 8 0 0 6 60 30 

Sep 10 8 0 0 6 60 30 

Oct 10 8 0 0 6 60 30 

Nov 10 8 0 0 6 60 30 

Dec 10 8 0 0 6 60 30 
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3.2.1.2 Carry-Over Elevations Condition 

The Model Carry-Over Elevations Condition controls how to treat the beginning- and end-of-

year elevations.  The model begins the run on January 1 of the start year with each reservoir at its 

target elevation.  If the scenario is run for a multiple-year period, then the model can either start 

subsequent years with the reservoirs at the target elevations or at the end of previous year 

elevations. 

 

The Carry-Over Elevations is selected (the checkbox is checked) in this model.  Therefore, the 

model will carry-over the end-of-year elevations to the next year, and reservoirs will start the 

next year at the ending elevations of the previous year.   

 

3.2.1.3 Forecast Set-Up Condition 

The Model Forecast Set-Up Condition requires two inputs: a number of forecast days and an 

accuracy of the forecast.  The number of days is how many days the model looks ahead in the 

inflow file to calculate how much water the system is going to receive.  The model is set up to 

look 1 day ahead with 100 percent accuracy.  Since the model has “perfect” forecasting as it 

looks at the actual inflow file, the accuracy setting allows the user to adjust the model’s ability to 

forecast accurately.  The accuracy setting adjusts inflow by a fixed multiple.  The model looks 

ahead the given number of days, adds up the inflows, multiplies those inflows by the entered 

accuracy value, then schedules releases based on this forecasted inflow volume.  If the accuracy 

setting is not 100 percent (1), then the forecasted volume is not accurate.  By running the model 

with 90 percent (0.9) accuracy, and then running again at 110 percent (1.1) accuracy, the user 

can simulate operations where the operator has an ability to forecast inflows with plus or minus 

10 percent accuracy. 
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3.2.2 Physical Data 

3.2.2.1 Reservoir Storage/Area Curves 

The Reservoir Storage Curve is a tabulated link between the reservoir elevation and reservoir 

volume.  The elevations are in units of “feet” and the volumes are in “acre-feet.”  The Model 

uses this curve to calculate elevations based on inflows and model-determined releases.  

Reservoir storage curves were obtained from the Yadkin Hydroelectric Project Application for 

License (APGI 2006), Yadkin–Pee Dee River Project Application for License (Progress Energy 

2006) and the W. Kerr Scott website (USACE 2014). 

 

The Reservoir Area Curve is a tabulated link between the reservoir elevation and reservoir 

surface area.  The elevations are in units of “feet” and the areas are in “acres.”  The Model uses 

this curve only to calculate the surface area based on the simulated reservoir elevation and uses 

this data for computing evaporation losses.  The surface area curve for W. Kerr Scott was 

obtained from W. Kerr Scott website (USACE 2014).  Surface area curves for each of the six 

hydropower developments reservoirs were estimated based on the reservoir volume.  These 

estimates were made by dividing the incremental change in volume by the change in elevation.  

In instances where smoothing of the surface area curve was required, values were selected to 

provide a large surface area.  This approach of calculating the reservoir area based on the 

incremental change in volume results in a conservative estimate of the approximate reservoir 

surface area and, therefore, provides a conservative assessment of total evaporative losses.  This 

approach is based purely on the incremental change in storage and may not reflect the actual 

surface area at any given elevation.    

 

Figures 3-3 through 3-9 show the reservoir area curves used in the model.   
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FIGURE 3-3 

W. KERR SCOTT RESERVOIR STORAGE/AREA VOLUME CURVE 

 

FIGURE 3-4 

HIGH ROCK RESERVOIR STORAGE/AREA VOLUME CURVE 
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FIGURE 3-5 

TUCKERTOWN RESERVOIR STORAGE/AREA VOLUME CURVE 

 

FIGURE 3-6 

NARROWS RESERVOIR STORAGE/AREA VOLUME CURVE 
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FIGURE 3-7 

FALLS RESERVOIR STORAGE/AREA VOLUME CURVE 

 

FIGURE 3-8 

TILLERY RESERVOIR STORAGE/AREA VOLUME CURVE 
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FIGURE 3-9 

BLEWETT FALLS RESERVOIR STORAGE/AREA VOLUME CURVE 

 

3.2.2.2 Monthly Evaporation 

Evaporation is based upon a monthly varying coefficient that defines the evaporative loss per 

reservoir.  Evaporation for each of the seven reservoirs was estimated by means of adjusting 

published annual Free Water Surface (FWS) (i.e., shallow lake evaporation with negligible heat 

storage) evaporation data from National Oceanic and Atmospheric Administration’s (NOAA) 

Technical Report NWS 33 (TR-33) to monthly evaporation for each of the project sites (NOAA 

1982a).  The adjustment of evaporation data requires a reference site with a reliable data source 

of National Weather Service (NWS) Class A pan evaporation data located in an area with 

reasonably similar climatology.  In other words, the reference sites climatic characteristics 

should be similar to the area of interest.  For the seven project sites in the Yadkin–Pee Dee basin, 

the monthly Class A pan evaporation data from NOAA’s Technical Report NWS 34 (TR-34) 

Chapel Hill 2 W pan located in Chapel Hill, NC was used to convert the annual FWS 

evaporation to monthly FWS evaporation (NOAA 1982b).  The Chapel Hill 2 W Class A pan 

site was selected for two main reasons; its proximity to the seven project sites and because it 
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shares the same physiographic region (i.e., Piedmont physiographic region) and the vast majority 

of the Yadkin –Pee Dee basin modeled.   

FWS evaporation typically closely represents potential evaporations, and it should be noted that 

it may differ significantly from actual lake evaporation during a given month due to the change 

in heat storage in the lake.  During the spring, heat is stored in the waters of a lake, and 

generally, the actual lake evaporation is much less than the computed FWS.  During the fall, the 

stored energy in the lake is released and the actual lake evaporation is much greater than the 

FWS evaporation.  It is reported that the FWS evaporation can be estimated with reasonable 

accuracy.  Table 3-2 below summarizes the monthly and annual FWS evaporation for each of the 

seven project sites. 

TABLE 3-2 

FREE WATER SURFACE EVAPORATION 

Month 

W. Kerr Scott 

Evap Loss 

(inches) 

High Rock 

Evap Loss 

(inches) 

Tuckertown 

Evap Loss 

(inches) 

Narrows 

Evap Loss 

(inches) 

Falls 

Evap Loss 

(inches) 

Tillery 

Evap Loss 

(inches) 

Blewett Falls 

Evap Loss 

(inches) 

Jan 1.12 1.23 1.24 1.24 1.24 1.26 1.28 

Feb 1.33 1.47 1.47 1.48 1.48 1.5 1.52 

Mar 2.58 2.85 2.87 2.87 2.87 2.91 2.96 

Apr 3.5 3.86 3.88 3.89 3.89 3.95 4.01 

May 4.04 4.46 4.48 4.5 4.5 4.56 4.63 

Jun 4.43 4.89 4.92 4.93 4.93 5 5.08 

Jul 4.47 4.94 4.97 4.98 4.98 5.05 5.13 

Aug 4.07 4.49 4.52 4.53 4.53 4.59 4.66 

Sep 3.23 3.57 3.59 3.6 3.6 3.65 3.7 

Oct 2.27 2.51 2.52 2.53 2.53 2.56 2.6 

Nov 1.44 1.59 1.59 1.6 1.6 1.62 1.65 

Dec 1.03 1.14 1.15 1.15 1.15 1.16 1.18 

Annual 33.5 37 37.2 37.3 37.3 37.8 38.4 

 

In order to incorporate the FWS evaporation into the CHEOPS model, the values provided in 

Table 3-2 above were converted from inches per month to feet per day per acre.  The 

corresponding surface area at each project site's full-pond elevation was assumed for this 
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conversion.  In addition the CHEOPS input coefficients, the average monthly volume of water 

being depleted from the system was also calculated by multiplying the surface areas by the FWS 

evaporation data; a summary of the CHEOPS input coefficients is provided in Table 3-3.  

TABLE 3-3 

EVAPORATIVE LOSS COEFFICIENTS 

Month 

W. Kerr Scott 

Evap Loss 

(ft/acre/day) 

High Rock 

Evap Loss 

(ft/acre/day) 

Tuckertown 

Evap Loss 

(ft/acre/day) 

Narrows 

Evap Loss 

(ft/acre/day) 

Falls 

Evap Loss 

(ft/acre/day) 

Tillery 

Evap Loss 

(ft/acre/day) 

Blewett Falls 

Evap Loss 

(ft/acre/day) 

Jan 3.01E-03 3.32E-03 3.34E-03 3.35E-03 3.35E-03 3.39E-03 3.44E-03 

Feb 3.95E-03 4.36E-03 4.39E-03 4.40E-03 4.40E-03 4.46E-03 4.53E-03 

Mar 6.94E-03 7.67E-03 7.71E-03 7.73E-03 7.73E-03 7.83E-03 7.96E-03 

Apr 9.72E-03 1.07E-02 1.08E-02 1.08E-02 1.08E-02 1.10E-02 1.11E-02 

May 1.09E-02 1.20E-02 1.21E-02 1.21E-02 1.21E-02 1.23E-02 1.24E-02 

Jun 1.23E-02 1.36E-02 1.37E-02 1.37E-02 1.37E-02 1.39E-02 1.41E-02 

Jul 1.20E-02 1.33E-02 1.33E-02 1.34E-02 1.34E-02 1.36E-02 1.38E-02 

Aug 1.09E-02 1.21E-02 1.21E-02 1.22E-02 1.22E-02 1.23E-02 1.25E-02 

Sep 8.98E-03 9.91E-03 9.97E-03 9.99E-03 9.99E-03 1.01E-02 1.03E-02 

Oct 6.11E-03 6.75E-03 6.78E-03 6.80E-03 6.80E-03 6.89E-03 7.00E-03 

Nov 3.99E-03 4.40E-03 4.43E-03 4.44E-03 4.44E-03 4.50E-03 4.57E-03 

Dec 2.77E-03 3.06E-03 3.08E-03 3.09E-03 3.09E-03 3.13E-03 3.18E-03 

 

3.2.2.3 Tailwater Data 

The Tailwater Curve relates the powerhouse tailwater elevation to the facility’s outflow.  In 

cases where the powerhouse releases directly into a downstream reservoir, the downstream 

reservoir’s elevation is used to compute tailwater elevation.  The elevation is in units of “feet,” 

while the flow is in cubic feet per second, or “cfs.”  The tailwater elevation is subtracted from the 

reservoir elevation to calculate the gross head used in determining turbine and pump-turbine 

hydraulic performance. 

 

W. Kerr Scott is not a generating facility; therefore, the model does not apply the tailwater 

elevation in calculations.   
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The High Rock powerhouse releases directly into Tuckertown reservoir, so the elevation of 

Tuckertown reservoir is the controlling factor for the High Rock tailwater elevation. 

 

Likewise, the Tuckertown, Narrows, and Falls powerhouses release directly into the downstream 

reservoirs, Narrows, Falls and Tillery respectively.  Therefore, the elevation of Narrows, Falls, 

and Tillery reservoirs are the controlling factor for the upstream tailwater elevation computation.  

Tuckertown discharges do influence tailwater at high flows and are modeled as outlined in 

Table 3-4. 

TABLE 3-4 

TUCKERTOWN POWERHOUSE TAILWATER RATING CURVE 

Stage 

(ft. msl) 
Flow 

(cfs) 
509.5 0 

512 100,000 

526 400,000 

 

The Tillery powerhouse tailwater rating curve was supplied by plant operators and is shown in 

Table 3-5. 

TABLE 3-5 

TILLERY POWERHOUSE TAILWATER RATING CURVE 

Stage 

(ft. msl) 
Flow 

(cfs) 
203.13 0 

206.13 5,568 

207.73 12,000 

 

The Blewett Falls powerhouse tailwater rating curve was supplied by plant operators and is 

shown in Table 3-6. 

 



Section 3 Historical Baseline 

 

 

Duke Energy Carolinas, LLC 3-14 Operations Model, Yadkin–Pee Dee River Basin 

Union County, North Carolina  Model Logic and Verification Report 

TABLE 3-6 

BLEWETT FALLS POWERHOUSE TAILWATER RATING CURVE 

Stage 

(ft. msl) 
Flow 

(cfs) 
123.23 0 

124.28 1,248 

126.03 3,624 

127.73 7,272 

 

3.2.2.4 Spillway Capacity 

The Spillway Curve contains the data relating reservoir elevation (feet) and spillway discharge 

capacity (cfs).  This data allows the model to determine the maximum amount of water that can 

be spilled at the current reservoir elevation and is the sum of all spillway conveyances with gates 

open to maximum setting.  The Model allows for a simple spillway relationship of elevation and 

flow; therefore, all spillways, including gates, are modeled as a relationship of elevation and 

flow.  If the dam has flashboards (Blewett Falls), the Spillway Curve data represents the flow 

capacity with the flashboards tripped.   

 

Spillway capacity data for the W. Kerr Scott Project is shown in Table 3-7, derived from the 

W. Kerr Scott web site (USACE 2014).   

 

TABLE 3-7 

W. KERR SCOTT SPILLWAY CAPACITY VALUES 

Elevation 

(ft. msl) 
Capacity 

(cfs) 
1,075.00 0 

1,105.20 199,300 

 

Spillway capacity data for the High Rock Dam is shown in Table 3-8, derived from the Yadkin 

Hydroelectric Project Initial Consultation Document (APGI 2002). 
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TABLE 3-8 

HIGH ROCK SPILLWAY CAPACITY VALUES 

Elevation 

(ft. msl) 
Capacity 

(cfs) 
Elevation 

(ft. msl) 
Capacity 

(cfs) 
Elevation 

(ft. msl) 
Capacity 

(cfs) 

594.38 0 605.99 63,714 622.54 257,565 

595.33 3,026 607.51 78,628 625.02 296,328 

597.04 7,015 609.79 98,515 627.11 330,121 

598.18 11,991 611.51 116,411 629.20 367,887 

599.90 20,946 614.17 146,235 630.92 399,690 

601.42 30,893 616.45 173,076 632.82 435,468 

603.13 40,842 618.36 197,927 634.53 469,258 

604.65 52,776 621.02 231,724 637.00 511,994 

 

Spillway capacity data for the Tuckertown Dam is shown in Table 3-9, derived from the Yadkin 

Hydroelectric Project Initial Consultation Document (APGI 2002). 

 

TABLE 3-9 

TUCKERTOWN SPILLWAY CAPACITY VALUES 

Elevation 

(ft. msl) 
Capacity 

(cfs) 
Elevation 

(ft. msl) 
Capacity 

(cfs) 
Elevation 

(ft. msl) 
Capacity 

(cfs) 

527.11 0 537.31 43,947 554.94 208,126 

529.20 4,146 539.81 61,360 557.42 239,635 

530.86 9,121 542.71 84,577 559.69 274,461 

532.32 15,755 545.62 110,282 561.75 305,970 

534.20 24,046 549.14 143,449 564.22 346,600 

535.86 33,168 552.25 178,275   

 

Spillway capacity data for the Narrows Dam is shown in Table 3-10, derived from the Yadkin 

Hydroelectric Project Initial Consultation Document (APGI 2002). 
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TABLE 3-10 

NARROWS SPILLWAY CAPACITY VALUES 

Elevation 

(ft. msl) 

Capacity 

(cfs) 

Elevation 

(ft. msl) 

Capacity 

(cfs) 

Elevation 

(ft. msl) 

Capacity 

(cfs) 

482.20 58 497.88 69,269 511.35 280,086 

483.49 2,659 499.17 78,779 512.27 306,000 

485.15 5,263 500.28 90,878 513.38 331,915 

486.99 11,323 501.38 104,703 514.85 361,288 

489.02 19,975 502.86 125,441 515.96 386,340 

490.50 26,032 504.15 147,904 516.51 399,298 

491.97 32,952 505.63 172,959 517.99 404,491 

493.45 40,736 507.10 198,877 520.57 440,782 

495.11 49,385 508.39 220,477   

496.40 58,895 509.87 250,713   

 

Spillway capacity data for the Falls Dam is shown in Table 3-11, derived from the Yadkin 

Hydroelectric Project Initial Consultation Document (APGI 2002). 

 

TABLE 3-11 

FALLS SPILLWAY CAPACITY VALUES 

Elevation 

(ft. msl) 

Capacity 

(cfs) 

Elevation 

(ft. msl) 

Capacity 

(cfs) 

Elevation 

(ft. msl) 

Capacity 

(cfs) 

299.11 0 314.96 74,897 334.15 281,334 

300.68 3,331 318.29 98,481 336.69 315,042 

302.63 9,219 321.82 130,496 338.26 340,326 

305.18 18,476 324.16 154,088 340.61 369,819 

307.72 28,575 326.51 180,209 342.56 401,002 

309.88 41,207 329.06 213,074     

312.22 55,524 332.19 249,308     

 

Spillway capacity data for the Tillery Dam is shown in Table 3-12, derived from the Yadkin–Pee 

Dee Hydroelectric Project Initial Consultation Document (Progress Energy 2003). 
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TABLE 3-12 

TILLERY SPILLWAY CAPACITY VALUES 

Elevation 

(ft. msl) 

Capacity 

(cfs) 

Elevation 

(ft. msl) 

Capacity 

(cfs) 

Elevation 

(ft. msl) 

Capacity 

(cfs) 

254.17 0 274.67 208,000 288.67 495,000 

258.67 18,000 277.17 250,000 290.17 540,000 

262.67 50,000 280.17 300,000 290.67 560,000 

264.67 70,000 282.67 350,000 291.67 600,000 

267.67 103,000 284.67 380,000 293.67 680,000 

270.67 145,000 286.67 440,000   

 

Spillway capacity data for the Blewett Falls Dam is shown in Table 3-13, derived from the 

Yadkin–Pee Dee Hydroelectric Project Initial Consultation Document (Progress Energy 2003). 

 

TABLE 3-13 

BLEWETT FALLS SPILLWAY CAPACITY VALUES 

Elevation 

(ft. msl) 

Capacity 

(cfs) 

Elevation 

(ft. msl) 

Capacity 

(cfs) 

Elevation 

(ft. msl) 

Capacity 

(cfs) 

174.08 0 185.38 200,000 193.68 500,000 

176.08 13,000 186.08 220,000 194.68 550,000 

177.08 25,000 187.58 270,000 195.58 600,000 

178.08 37,000 188.38 300,000 196.58 650,000 

180.08 70,000 189.08 323,000 197.58 700,000 

181.38 100,000 190.08 360,000 198.58 750,000 

182.08 120,000 191.08 395,000 199.08 775,000 

183.48 150,000 192.58 450,000   

This table represents calculations of spillway capacity when all flashboards are tripped. 

 

3.2.2.5 Plant Operation Type 

The Plant Operation Type is how the Model classifies and operates the plants.  Four different 

components are used to describe the operation of the plants.  

 

 Min Powerhouse Flow – All plants in this model have zero (0) value entered, as the turbine 

input curves accurately define the lowest operating flow of the units. 
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 Plant Operation Type – This condition specifies what type of scheduling logic is to be used 

for the plant.  Options include Strictly Peaking, Non-generating, Run-of-River, and others.  

Pumped storage plants follow pumping and discharge schedules.  Strictly peaking plants use 

logic to generate as much power as possible during the peak period, followed by secondary-

peak and then off-peak periods; all six hydroelectric stations in the system are strictly 

peaking.  Hybrid-pumped storage plants have a pumping schedule, but schedule plant 

discharge using peaking plant logic.  Non-generating plants like W. Kerr Scott are storage 

plants without a powerhouse that releases flows to follow the target elevations and flow 

requirements. 

 Delinked Owner – This condition sets the level of water conveyance support a plant receives 

and provides to other plants operated by the same licensee/operator.  All plants in the model 

have this value unchecked, meaning the plants provide supporting operation to other plants 

operated by the same owner.  In this model, this condition means that High Rock, 

Tuckertown, Narrows, and Falls provide support to one another and Tillery and Blewett 

Falls provide support to one another. 

 Delinked System – This condition sets the level of support a plant receives and provides to 

other plants operated by other licensees/operators in the modeled system.  All plants in this 

model have this condition checked; meaning the default Model logic for support between 

plants is not in effect for plants operated by different operators.   

 

3.2.3 Operational Data 

3.2.3.1 Spill and Minimum Elevations 

The spill or flood control elevation relates to a variety of physical situations (spillway crest, 

partial gate coverage, maximum normal pool, etc.), but it represents the elevation at which the 

model will begin to simulate spill to avoid increasing water elevation.  Under a strictly peaking 

plant, when the model calculates an end-of-period elevation above the spill elevation, the model 

will calculate spill as well as the turbine/diversion discharge.  The model’s logic, under a strictly 

peaking plant, also attempts to reduce or eliminate occurrences when the reservoir elevation 

exceeds the spill elevation. 
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The minimum elevation is the minimum allowable reservoir elevation.  The elevation could be 

set by regulations or by a physical limit (lowest available outlet invert).  Bypass flows, 

withdrawals, wicket gate leakage, and evaporation can draw the reservoir below this level.  The 

model will operate to eliminate occurrences when the reservoir elevation dips below this 

elevation. 

 

Table 3-14 lists the spill and minimum elevations for each facility in the Model. 

 

TABLE 3-14 

RESERVOIR SPILL AND MINIMUM ELEVATIONS 

Facility 
Spill Elevation 

(ft. msl) 

Minimum Elevation 

(ft. msl) 

W. Kerr Scott 1,075.0 1,000.0 

High Rock 623.9 594.8 

Tuckertown 564.7 526.7 

Narrows 509.8 503.8 

Falls 332.8 320.0 

Tillery 278.17 256.2 

Blewett Falls* 178.08 161.1 

* The elevation at which Blewett Falls begins to spill water is dependent on the 

flashboards.  If the flashboards are in place, the spill elevation is 176.08 ft. msl. 

 

3.2.3.2 Flashboards 

The Flashboards Condition allows the user to install and remove flashboards.  Currently 

flashboards can be installed or removed by day or by elevation.  Along with controlling the 

installation and removal of the flashboards, the Flashboards Condition contains the relationship 

(flow versus elevation) for the outlet when the flashboards are installed.  Blewett Falls Dam is 

the only Dam in the system with flashboards.  The Blewett Falls flashboards are elevation 

controlled and, based on discussions with plant operators, simulated to trip four feet above the 

top of the boards; trip elevation is 180.08 ft. msl.  Based on discussions with plant operators, it is 

assumed that if the flashboards are tripped they remain out for a minimum of 14 days at which 

point the reservoir must be at or below 174.08 ft. msl for the model to initiate the flashboards.  
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The spillway discharge curve for Blewett Falls Dam with flashboards installed is shown in 

Table 3-15. 

When using flashboards, the following logic applies: 

- When flashboards are installed (not tripped), the spill elevation (Table 3-14) is not used; 

rather, the flashboard spillway crest elevation is used to calculate spill.   

- Once the flashboards have been tripped, the target elevation is changed by the model to 

be 0.1 feet below the flashboard reset elevation.  When flashboards are out (tripped), the 

Spillway Capacity condition in Physical Settings is used to compute spill flow rate, and 

the Spill Elevation is set to be the spillway crest elevation.  

 

TABLE 3-15 

BLEWETT FALLS FLASHBOARD SPILLWAY CAPACITY VALUES 

Elevation 

(ft. msl) 
Capacity 

(cfs) 

176.08 0 

178.08 75 

179.08 5,130 

180.08 13,130 

180.58 20,130 

181.28 30,130 

182.09 40,130 

 

3.2.3.3 Target Elevations 

The target elevation is the user-defined elevation that the model attempts to meet (targets) as the 

end-of-day reservoir elevation.  The model straight-line interpolates between user input points to 

identify a target elevation for each day.  The model will deviate from the target to accommodate 

forecasted inflows, to meet the plant’s own outflow requirements or constraints, and to support 

flow requirements. 

 

The simulated W. Kerr Scott target elevation is 1,030 ft. msl based on the W. Kerr Scott web site 

(USACE, 2014).  Table 3-16 lists the guide curve elevations for the APGI reservoirs (curves 
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needed for modeling).  These are the target elevations used for the Historical Baseline scenario.  

The Verification2001 scenario uses historical 2001 end-of-month elevations.  The Tuckertown 

and Falls target elevations were set to 3 feet below normal full pond.  The High Rock and 

Narrows target elevations are based on average historic elevations for the period 1983 through 

2002.  The Tillery and Blewett Falls target elevations, 277.5 ft. msl and 177 ft. msl respectively, 

were based on discussion with plant operators. 

TABLE 3-16 

GUIDE CURVE TARGET ELEVATIONS OF APGI  RESERVOIRS 

Day of Year High Rock Target 

Elevation (ft msl) 

Tuckertown Target 

Elevation (ft msl) 

Narrows Target 

Elevation (ft msl) 

Falls Target 

Elevation (ft msl) 

Jan 1 616 561.7 508.8 329.8 

Feb 1 616 561.7 508.74 329.8 

Mar 1 618.3 561.7 509.15 329.8 

Apr 1 620.85 561.7 508.89 329.8 

Apr 15 622 561.7 508.74 329.8 

May 1 622 561.7 508.57 329.8 

Jun 1 622 561.7 508.2 329.8 

Jul 1 622 561.7 508.23 329.8 

Aug 1 622 561.7 508 329.8 

Sep 1 619.98 561.7 507.93 329.8 

Oct 1 617.51 561.7 508.17 329.8 

Nov 1 616 561.7 508.42 329.8 

Dec 1 616 561.7 508.52 329.8 

Dec 31 616 561.7 508.79 329.8 

 

3.2.3.4 Water Withdrawals 

Historical water use (withdrawals and returns in cfs) was estimated following the procedures 

outlined in Section 2.8.2.  The monthly water use in cfs was modeled in the Historical Baseline 

scenario to represent historical municipal and industrial water use from each reservoir.  The 

Historical Baseline scenario modeled withdrawals and returns in cfs and are presented in 

Appendix B.   
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3.2.3.5 Minimum Flows 

The simulated minimum instantaneous flow from W. Kerr Scott was simulated at 125 cfs based 

on the W. Kerr Scott web site (USACE 2014). 

 

Based on input from plant operators, the minimum instantaneous flow requirement at Blewett 

Falls was simulated at 200 cfs, 50 cfs above the required minimum instantaneous flow during the 

period of evaluation (1997 through 2003).  Similarly, based on input from plant operators, the 

minimum instantaneous flow requirement at Tillery was simulated at 80 cfs, 40 cfs above the 

required minimum instantaneous flow during the period of evaluation (1997 through 2003).  

 

3.2.3.6 Maximum Flows 

The model allows a maximum flow constraint to be applied based on the reservoir elevation.  

Maximum flows are limited from W. Kerr Scott reservoir to prevent flooding at Wilkesboro, NC.  

This will limit operations to restrict flow to a maximum of the defined limit.  The maximum 

discharge is 125 cfs up to reservoir elevation 1,030 ft. msl and 5,400 cfs up until the reservoir is 

going to spill. 

 

3.2.3.7 Reservoir Fluctuation Limits 

The Reservoir Level fluctuation limit defines how the fluctuation of the reservoir is limited 

within each day.  The Duke Energy developments both operate with elevation based reservoir 

fluctuation limits.  The fluctuation limit of the Tillery reservoir is a 1.3 ft. band surrounding the 

target elevation of 277.5 ft. msl.  The fluctuation limit of the Blewett Falls reservoir is a 5 ft. 

band surrounding the target elevation of 177 ft. msl.   

 

3.2.4 Generation Data 

All unit performance information was estimated and modeled based on the information available 

at the time of model development.   
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3.2.4.1 Headloss Coefficients 

The Model allows two common headloss coefficients for each plant and an individual coefficient 

for each unit.  Headloss for each unit is calculated by multiplying the unit’s common coefficient 

by the total flow for that common coefficient squared, added to the individual coefficient 

multiplied, by the individual unit flow squared.  The formula is: 

iic
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Where: 

 Hi is the unit headloss in feet 

 hc is the common coefficient for the i
th

 unit 

 hi is the individual coefficient for  the i
th

 unit 

 Fi is the flow for the i
th

 unit 

 j runs from 1 to n 

 n is the number of units that have the same common coefficient as the unit i 

 

Table 3-17 presents the estimated headlosses for each hydroelectric plant as a function of 

flow (Q): 

 

TABLE 3-17 

HEADLOSS COEFFICIENTS 

Facility Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 

High Rock 1.476843E-07 1.476843E-07 1.476843E-07    

Tuckertown 1.366996E-07 1.366996E-07 1.366996E-07    

Narrows 3.2E-07 3.2E-07 3.2E-07 3.2E-07   

Falls 2.402915E-07 2.55102E-07 2.55102E-07    

Tillery 7.55442E-08 1.14024E-07 7.55442E-08 5.66657E-08   

Blewett Falls 8.21546E-07 8.21546E-07 8.21546E-07 5.09758E-07 5.09758E-07 5.09758E-07 
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3.2.4.2 Turbine Efficiency Curves 

Turbine performance is entered into the Model by plant and as flow versus efficiency at five 

separate net heads.  The estimated turbine performance is presented in Figures 3-10 through 

3-20. 

 

FIGURE 3-10 

HIGH ROCK POWERHOUSE UNITS 1 THROUGH 3 

TURBINE EFFICIENCIES OVER A RANGE OF NET HEADS 
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FIGURE 3-11 

TUCKERTOWN POWERHOUSE UNITS 1 THROUGH 3 

TURBINE EFFICIENCIES OVER A RANGE OF NET HEADS 

 

FIGURE 3-12 

NARROWS POWERHOUSE UNITS 1, 2, AND 4 

TURBINE EFFICIENCIES OVER A RANGE OF NET HEADS 
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FIGURE 3-13 

NARROWS POWERHOUSE UNIT 3 

TURBINE EFFICIENCIES OVER A RANGE OF NET HEADS 

 

FIGURE 3-14 

FALLS POWERHOUSE UNIT 1 

TURBINE EFFICIENCIES OVER A RANGE OF NET HEADS 
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FIGURE 3-15 

FALLS POWERHOUSE UNITS 2 AND 3 

TURBINE EFFICIENCIES OVER A RANGE OF NET HEADS 

 

FIGURE 3-16 

TILLERY POWERHOUSE UNITS 1 AND 3 

TURBINE EFFICIENCIES OVER A RANGE OF NET HEADS 
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FIGURE 3-17 

TILLERY POWERHOUSE UNIT 2 

TURBINE EFFICIENCIES OVER A RANGE OF NET HEADS 

 

FIGURE 3-18 

TILLERY POWERHOUSE UNIT 4 

TURBINE EFFICIENCIES OVER A RANGE OF NET HEADS 
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FIGURE 3-19 

BLEWETT FALLS POWERHOUSE UNITS 1 THROUGH 3 

TURBINE EFFICIENCIES OVER A RANGE OF NET HEADS 

 

FIGURE 3-20 

BLEWETT FALLS POWERHOUSE UNITS 4 THROUGH 6 

TURBINE EFFICIENCIES OVER A RANGE OF NET HEADS 
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3.2.4.3 Generator Efficiency Curve 

The Model generator data, like the turbine data, is entered by plant and then associated with a 

unit.  The generator performance data is a relationship of generator output versus generator 

efficiency. 

 

The generator condition includes a maximum generator output.  This value is the maximum 

generator output the model will allow, assuming there is turbine capacity to meet this limit.  The 

model will limit turbine output based on the generator maximum specified output.  The generator 

efficiency curves for each of the units in the system are shown in Tables 3-18 through 3-27. 

 

TABLE 3-18 

HIGH ROCK UNITS 1 THROUGH 3 

GENERATOR EFFICIENCY CURVE 

Units 1 through 3 

Efficiency Output (MW) Maximum Capacity (MW) 

0 0 13.75 

67.06% 0.5 13.75 

79.25% 1 13.75 

87.53% 2 13.75 

90.84% 3 13.75 

92.65% 4 13.75 

93.8% 5 13.75 

95.19% 7 13.75 

96.02% 9 13.75 

97.09% 13.75 13.75 
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TABLE 3-19 

TUCKERTOWN UNITS 1 THROUGH 3 

GENERATOR EFFICIENCY CURVE 

Units 1 through 3 

Efficiency Output (MW) Maximum Capacity (MW) 

0 0 15.555 

64.5% 0.5 15.555 

77.37% 1 15.555 

86.32% 2 15.555 

89.93% 3 15.555 

91.92% 4 15.555 

94.07% 6 15.555 

94.72% 7 15.555 

96.24% 11 15.555 

97.09% 15.555 15.555 

 

TABLE 3-20 

NARROWS UNITS 1, 2, AND 4 

GENERATOR EFFICIENCY CURVE 

Units 1, 2 and 4 

Efficiency Output (MW) Maximum Capacity (MW) 

0 0 27.5 

82.09% 2 27.5 

89.39% 4 27.5 

92.25% 6 27.5 

93.8% 8 27.5 

94.78% 10 27.5 

95.96% 14 27.5 

96.66% 18 27.5 

97.13% 22 27.5 

97.56% 27.5 27.5 
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TABLE 3-21 

NARROWS UNIT 3 

GENERATOR EFFICIENCY CURVE 

Unit 3 

Efficiency Output (MW) Maximum Capacity (MW) 

0 0 31.25 

68.47% 1 31.25 

80.34% 2 31.25 

88.29% 4 31.25 

91.44% 6 31.25 

93.15% 8 31.25 

94.24% 10 31.25 

94.99% 12 31.25 

96.6% 20 31.25 

97.56% 31.25 31.25 

 

TABLE 3-22 

FALLS UNIT 1 

GENERATOR EFFICIENCY CURVE 

Unit 1  

Efficiency Output (MW) Maximum Capacity (MW) 

0 0 8.75 

58.27% 0.25 8.75 

72.49% 0.5 8.75 

83% 1 8.75 

87.39% 1.5 8.75 

89.83% 2 8.75 

92.51% 3 8.75 

93.97% 4 8.75 

95.54% 6 8.75 

96.62% 8.75 8.75 
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TABLE 3-23 

FALLS UNITS 2 AND 3 

GENERATOR EFFICIENCY CURVE 

Units 2 and 3 

Efficiency Output (MW) Maximum Capacity (MW) 

0 0 12.5 

65.57% 0.5 12.5 

83.59% 1.5 12.5 

86.72% 2 12.5 

90.2% 3 12.5 

92.11% 4 12.5 

93.33% 5 12.5 

94.82% 7 12.5 

95.7% 9 12.5 

96.62% 12.5 12.5 

 

TABLE 3-24 

TILLERY UNITS 1, 3, AND 4 

GENERATOR EFFICIENCY CURVE 

Units 1, 3 and 4 

Efficiency Output (MW) Maximum Capacity (MW) 

92.73% 5 27.5 

94.9% 10 27.5 

96.19% 15 27.5 

96.82% 20 27.5 

96.89% 21 27.5 

96.94% 22 27.5 

96.98% 23 27.5 

97.03% 25 27.5 

97.05% 26.5 27.5 

97.05% 27.5 27.5 
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TABLE 3-25 

TILLERY UNIT 2 

GENERATOR EFFICIENCY CURVE 

Unit 2 

Efficiency Output (MW) Maximum Capacity (MW) 

92.73% 5 22.5 

93.94% 7.5 22.5 

94.9% 10 22.5 

95.64% 12.5 22.5 

96.19% 15 22.5 

96.57% 17.5 22.5 

96.82% 20 22.5 

96.89% 21 22.5 

96.94% 22 22.5 

96.96% 22.5 22.5 

 

TABLE 3-26 

BLEWETT FALLS UNITS 1 THROUGH 3 

GENERATOR EFFICIENCY CURVE 

Units 1 through 3 

Efficiency Output (MW) Maximum Capacity (MW) 

91.53% 0.5 3.75 

92.91% 1 3.75 

93.99% 1.5 3.75 

94.43% 1.75 3.75 

94.81% 2 3.75 

95.13% 2.25 3.75 

95.4% 2.5 3.75 

95.61% 2.75 3.75 

95.79% 3 3.75 

95.92% 3.25 3.75 

96.01% 3.5 3.75 

96.07% 3.75 3.75 

 



Section 3 Historical Baseline 

 

 

Duke Energy Carolinas, LLC 3-35 Operations Model, Yadkin–Pee Dee River Basin 

Union County, North Carolina  Model Logic and Verification Report 

TABLE 3-27 

BLEWETT FALLS UNITS 4 THROUGH 6 

GENERATOR EFFICIENCY CURVE 

Units 4 through 6 

Efficiency Output (MW) Maximum Capacity (MW) 

91.53% 0.5 5.25 

92.91% 1 5.25 

93.99% 1.5 5.25 

94.81% 2 5.25 

95.13% 2.25 5.25 

95.4% 2.5 5.25 

95.79% 3 5.25 

96.01% 3.5 5.25 

96.07% 3.75 5.25 

96.07% 4 5.25 

96.07% 4.5 5.25 

96.07% 5.25 5.25 

 

3.2.4.4 Wicket Gate Leakage 

The Model wicket gate leakage flow is active only during times of non-generation.  Thus, during 

periods of non-generation, this leakage flow is used to make up all or a portion of the minimum 

flow requirement.  Wicket gate leakage was assumed at 10 cfs per unit for each of the APGI 

hydroelectric stations (High Rock, Tuckertown, Narrows, and Falls).  Wicket gate leakage of 

10 cfs per unit at Tillery and 21 cfs per unit at Blewett Falls was estimated by plant operators. 

 

3.2.4.5 Powerhouse Weekend Operations 

The Powerhouse Weekend Operations Condition permits the simulation of reduced powerhouse 

operations during Saturdays and/or Sundays.  Minimum instantaneous and minimum daily 

average flow requirements will be met by bringing the powerhouse online for the required flow 

only.  This condition removes the change-in-storage component from consideration in computing 

a desired daily discharge.  To simulate actual usage, Saturday and Sunday powerhouse 

operations are minimized at all six hydroelectric stations.  During high inflow times with little 
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usable storage, the model will bring the powerhouse online to generate with outflows, rather than 

permit spilling. 

 

3.2.4.6 Maintenance 

The maintenance schedule provides the functionality to take a unit out of service for all or part of 

each year for a scenario run.  There are currently no outages modeled in the Model. 
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4.0 MODEL CALIBRATION/VERIFICATION PROCESS 

 

Verification is intended to validate the Model input data and logic so the Model and the 

Historical Baseline may be used for comparisons of scenarios with various operational 

alternatives.  HDR performed model verification by comparing actual and model estimated 

generation and discharge at multiple points in the system.  Verification of the model was 

completed using two different scenarios or model runs.  The first (Historical Baseline) performs 

a verification of the model input data, logic, and conditions.  The Historical Baseline scenario 

was simulated for the period 1955 through 2003.  The results of the Historical Baseline scenario 

were compared against historical operations for calendar years 1997 through 2003, which 

represents the period of available hydroelectric operational data.  Additionally, the Historical 

Baseline scenario results where compared to historical USGS gage flows at the outlet of W. Kerr 

Scott, High Rock, and Blewett Falls, these summaries are available in the following files: 

Blewett02129000.xlsx, Kerr02112000.xlsx, and HighRock02122500.xlsx.  In addition to the 

Historical Baseline scenario, a second verification scenario (Verification2001) was developed to 

simulate the detailed operations for calendar year 2001, which was one of the driest years on 

record within the Basin.   

 

Generation data is typically available for hydropower developments and is a metered value that 

has good accuracy compared to other forms of data that are not metered or based on estimated 

values with lower accuracy.  Generation is a measure of available flow and storage volume, 

which relates to inflows and reservoir elevations.  When performing verification of water 

quantity models with power generation, it is common to find discrepancies between observed 

data and modeled output for generation and reservoir elevation when looking at a small sample 

of time periods (day, week, or month).  This is due to the difference between the set of rules 

provided in the model versus the day-to-day decisions common in large power developments that 

respond to power grid demands as well as storm forecasts and other non-measured impacts on 

the reservoir and equipment.  Modeled results for each verification scenario were compared with 

historic generation, powerhouse flow, and reservoir levels.  In addition to verifying the model 

under different hydrologic conditions, it was also important to select relatively recent years for 

model verification under conditions that are representative of current operating conditions.   

As previously stated, the Model is coded to run day-to-day operations based on general operating 

conditions or rules.  The model follows these rules strictly, 24 hours per day and 365 days per 
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year, similar to an automated operation.  Actual project operations generally follow the operating 

rules; however, human intervention periodically deviates from the general operating rules to 

accommodate day-to-day realities such as equipment failure and maintenance, changing 

hydrologic conditions, power demands and energy pricing, and other factors.  In addition to 

differences between modeled operations versus actual operations that include human 

interventions, there are also inherent discrepancies due to input data inaccuracies (e.g., 

differences in hydrology data, turbine or generator efficiencies, or reservoir storage curves).  It is 

important to understand that, due to these differences between actual operating conditions and 

modeled conditions, model results will never completely match historical operations. 

 

The verification goal is to obtain less than a 5 percent difference when comparing long-term 

modeled results to historical generation data over the hydrologic period.  In cases where the 

modeled results exceeded a 5 percent difference, potential causes for the differences were 

examined to determine whether the difference was due to deviations in model setup, historical 

deviations in operations, or discrepancies in the reconstructed hydrology data. 

 

4.1 Summary of Modeled Results versus Historical Data 

Verification of the Model was performed using historical operations data.  Verification of the 

model was performed using two different scenarios, or model runs.  The first scenario (Historical 

Baseline) performs a verification of the model input data, logic, and conditions for calendar years 

1997 through 2003.  The second verification scenario was run using the specific calendar year 

2001 (Verification2001).   

 

4.1.1 Model Historical Baseline  

The Historical Baseline scenario results were compared to historical operations for the 

hydrologic period 1997 through 2003.  Figures 4-1 through 4-7 show comparisons of the 

modeled reservoir elevations for the Historical Baseline scenario compared to the historical 

reported (observed) elevations for the same period.  The plotted reported (observed) elevations 

for the six hydroelectric facilities are based on historical end-of-month observations as historical 

daily reservoir elevations were not available for the full period 1997 through 2003.  Unit outages 

during this period were not defined and, therefore, not taken into account in the Model and it was 

assumed all units were available for operation for the full period of simulation.   
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FIGURE 4-1 

MODELED AND HISTORICAL W. KERR SCOTT  

DAILY RESERVOIR ELEVATION COMPARISON 
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FIGURE 4-2 

MODELED AND HISTORICAL HIGH ROCK  

MONTHLY RESERVOIR ELEVATION COMPARISON  
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FIGURE 4-3 

MODELED AND HISTORICAL TUCKERTOWN  

MONTHLY RESERVOIR ELEVATION COMPARISON 
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FIGURE 4-4 

MODELED AND HISTORICAL NARROWS  

MONTHLY RESERVOIR ELEVATION COMPARISON 
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FIGURE 4-5 

MODELED AND HISTORICAL FALLS  

MONTHLY RESERVOIR ELEVATION COMPARISON 
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FIGURE 4-6 

MODELED AND HISTORICAL TILLERY  

MONTHLY RESERVOIR ELEVATION COMPARISON 
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FIGURE 4-7 

MODELED AND HISTORICAL BLEWETT FALLS  

MONTHLY RESERVOIR ELEVATION COMPARISON 
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The Model simulation of the Historical Baseline scenario estimated an average annual energy 

output 6 percent higher than historical generation for the same period, as shown in Table 4-1.  

Based on available historical generation records, modeled and historical generation were 

compared for the period 1997 through 2003 at all hydroelectric facilities.  There are significant 

annual swings in the percent difference between historical and modeled operations for the 1997 

through 2003 period; however, over the long term the modeled and historical operations compare 

favorably.  Some of the swings in the percent difference between historical and modeled 

operations may be due to the fact that this scenario was coded with generic operational logic.  

For example, High Rock was simulated with Target Elevations based on average historical 

operations and to follow the High Rock Operating Guide as outlined in Figure 2-2 versus the 

actual historical reservoir drawdowns which may have occurred.  The Verification2001 scenario 

simulates targeted historical reservoir operations including drawdowns versus the generic rules 

as outlined in the Historical Baseline scenario. 

 

TABLE 4-1 

HISTORICAL BASELINE:  GENERATION COMPARISON 

Percent Difference between Modeled and Historical Generation 

([Modeled - Historic]/Historic) 

Year 
High  

Rock 
Tuckertown Narrows Falls Tillery 

Blewett 

Falls 

System 

Total 

1997 16% 16% 24% 17% 9% 12% 17% 

1998 -10% 5% -1% 2% 4% 8% 1% 

1999 21% 12% 15% 18% 14% 15% 16% 

2000 23% 9% 11% 21% 10% 5% 12% 

2001 12% 3% 2% 8% 3% 4% 4% 

2002 5% -1% -2% 5% -5% -4% -1% 

2003 -6% 4% 0% 5% 0% 9% 1% 

Period Total 

(1997–2003) 
4% 7% 6% 9% 4% 8% 6% 

 

Figures 4-8 and 4-9 show the Model daily and accumulative modeled (verification scenario) 

discharges from the W. Kerr Scott Project and the Blewett Falls development as compared to the 

historical (observed) discharges for the same period.  Blewett Falls simulated discharge is 

compared to the USGS 02129000 Pee Dee near Rockingham gage flow, since the gage is just 



Section 4 Model Calibration/Verification Process 

 

 

Duke Energy Carolinas, LLC 4-11 Operations Model, Yadkin–Pee Dee River Basin 

Union County, North Carolina  Model Logic and Verification Report 

downstream of the development.  For the period 1997 through 2003, the Model estimated a 

cumulative discharge from W. Kerr Scott reservoir and Blewett Falls reservoir within 2 percent 

of the historical accumulative discharge from each facility.  Historical W. Kerr Scott operational 

data was unavailable for the period 6/1/1997 through 10/31/1997 and 4/1/2002 through 

4/30/2002.  The modeled flow was not plotted in Figure 4-8 for the periods of missing historical 

operations.  Additionally, the simulated W. Kerr Scott discharges during this period were not 

included in the accumulated flow calculations.  
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FIGURE 4-8 

MODELED AND HISTORICAL W. KERR SCOTT DISCHARGE COMPARISON 

 

Periods of missing historical operations data 
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FIGURE 4-9 

MODELED AND HISTORICAL BLEWETT FALLS DEVELOPMENT  

DISCHARGE COMPARISON  
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4.1.2 Scenario Verification2001 

The Verification2001 scenario was established in the Model following the typical operating 

requirements of the system (same rule logic as the Historical Baseline scenario).  Historical end-

of-week reservoir levels were simulated as the Model target elevations such that the model 

attempts to operate the reservoir pools as they were historically operated for calendar year 2001.  

During the fall of 2001 there was a significant drawdown of the Tillery and Blewett Falls 

reservoirs to support FERC license required inspections.  Due to this period of special hydro 

operations at these two developments, a more detailed review and adjustment for model inputs 

was considered to perform the verification.  Historical hourly plant operations were reviewed for 

the drawdown period of September through December of 2001.  Based on this review, it was 

identified that rather than operating for a short period of time at peak efficiency, during the 

drawdown period, the hydro turbine units at Narrows and Falls were often operated for longer 

durations at minimum unit operational flow.  Simulation of this significant diversion from typical 

hydro development turbine operations would require override of model logic and would not 

result in a true verification of the model.  Therefore this verification scenario was compared to 

the annual historical discharge.  Blewett Falls simulated discharge was compared to the USGS 

streamflow gage 02129000 Pee Dee near Rockingham located a short distance downstream of 

the development.  The comparison of the simulated and historical discharge from each reservoir 

combined with the Blewett Falls and USGS gage comparison is considered a good verification of 

the model’s ability to simulate operations throughout the system of reservoirs.   

As shown in Table 4-2, the simulated station discharge for six of the seven hydro developments 

is very similar (within ±5%).  The outlier is Falls where the historical discharge is significantly 

less than the upstream development, indicating a potential discrepancy in the records for Falls.  

Since there is no significant reservoir volume for storage or reregulation of inflows, the 

discharge from Falls should be incrementally greater than Narrows as reflected in the modeled 

discharge.  It appears there is an error in the available historical discharge records for Falls as the 

annual historical discharge is less than that reported from High Rock, Tuckertown, or Narrows; 

therefore, the discharge comparison at Falls, 16.3%, is not considered valid.  Scenario 

Verification2001 was further reviewed by comparing the historical and simulated reservoir 
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elevations over the entire 2001 period.  The comparison of the reservoir levels reflects the daily 

operating rules and inflow used in the model to the historical data for the same period.  Figures 

4-10 through 4-16 show the historical and modeled operations for 2001, where modeled target 

elevations represent historical end-of-week elevations.  As shown, the model follows the trends 

of the historical elevations very closely.   

TABLE 4-2 

MODEL VERIFICATION2001:  STATION DISCHARGE COMPARISON 

Total Annual Station Discharge (acre-feet) 

Month 
W. Kerr 

Scott 
High Rock Tuckertown Narrows Falls Tillery 

Blewett Falls 

USGS 02129000 

Historical 177,757 1,144,936 1,174,957 1,212,335 1,025,633 1,305,219 1,983,503 

Modeled 181,056 1,185,108 1,194,714 1,191,766 1,193,092 1,294,331 1,893,382 

Difference  

(Modeled - 

Historical) 

3,299 40,172 19,758 -20,569 167,459 -10,888 -90,121 

Percent 

Difference  

(Difference/

Historical) 

1.9% 3.5% 1.7% -1.7% 16.3% -0.8% -4.5% 
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FIGURE 4-10 

MODEL VERIFICATION2001 AND HISTORICAL  

W. KERR SCOTT PROJECT OPERATIONS 
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FIGURE 4-11 

MODEL VERIFICATION2001 AND HISTORICAL  

HIGH ROCK PROJECT OPERATIONS 
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FIGURE 4-12 

MODEL VERIFICATION2001 HISTORICAL  

TUCKERTOWN DEVELOPMENT OPERATIONS 
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FIGURE 4-13 

MODEL VERIFICATION2001 AND HISTORICAL  

NARROWS DEVELOPMENT OPERATIONS 
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FIGURE 4-14 

MODEL VERIFICATION2001 AND HISTORICAL  

FALLS PROJECT OPERATIONS 
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FIGURE 4-15 

MODEL VERIFICATION2001 AND HISTORICAL  

TILLERY PROJECT OPERATIONS 
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FIGURE 4-16 

MODEL VERIFICATION2001 AND HISTORICAL  

BLEWETT FALLS PROJECT OPERATIONS  
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Figures 4-17 and 4-18 show the Model daily and cumulative modeled (Verification2001 

scenario) discharges from the W. Kerr Scott Project and the Blewett Falls development 

compared to the historical (observed) discharges for the same period.  A review of Figure 4-17 

shows the difference between the fixed target curve based operation simulated by the Model 

compared to the historical “human factor” releases that tend to smooth out the releases except in 

large inflow events.  The accumulative discharge volume curve indicates that while the simulated 

discharge appears quite different visually, the amount of water being discharged from W. Kerr 

Scott is very similar.  
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FIGURE 4-17 

MODEL VERIFICATION2001 AND HISTORICAL  

W. KERR SCOTT PROJECT DISCHARGE COMPARISON 
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FIGURE 4-18 

MODEL VERIFICATION2001 AND HISTORICAL  

BLEWETT PROJECT DISCHARGE COMPARISON 
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Figure 4-18 reflects the comparison of Blewett Falls simulated discharge to the USGS 02129000 

Pee Dee near Rockingham gage.  This figure illustrates the good fit between simulated and 

historical data.  There is one significant discharge difference between the simulated and 

historical data that occurred in late March early April where historical data reflects a greater 

discharge than was captured in the simulation.  Prior to this period and after this single excursion 

in data, the discharges are in good agreement and support the conclusion that the model is 

validated. 
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5.0 MODEL SUMMARY AND CONCLUSIONS 

 

5.1 Summary 

The purpose of this report is to document inputs and assumptions used in the development of the 

Model, to demonstrate the model reasonably characterizes operations of the system, and to 

demonstrate that the model is adequate for use in evaluating the effects of alternative operating 

scenarios.  The CHEOPS software and the Model are tools to evaluate relative sensitivity and 

response of the Yadkin–Pee Dee River System to changing operational constraints.  The model is 

a tool and does not predict future conditions or outcomes.  The model results must be analyzed 

and interpreted based on knowledge of hydrologic and hydraulic principles and understanding of 

results viewed in a relative, rather than an absolute, context. 

 

5.2 Conclusions 

As discussed in Section 4, the model verification process includes comparisons between modeled 

output and historical data.  The goal of this process is to obtain no more than 5 percent variance 

when comparing modeled results to historical data for generation on an annual basis.  The 

modeled release from the Project is compared to historical data to show whether the model 

provides a reasonable representation of Project operations throughout the year (e.g., the timing, 

magnitude, and duration of operations).  

 

As shown in Tables 4-1 and 4-2, there are significant swings between modeled and historical 

generation.  However, there are many factors inherent in the model data and setups that can 

contribute to output discrepancies (i.e., deviations) when compared to historical data.  In many 

cases, several of these factors may be involved simultaneously, which makes it difficult to isolate 

individual sources of difference.  Potential sources of deviations from historical data include 

actual discretionary reservoir operations versus simulated generic operations, estimated reservoir 

evaporation, estimated unit performance curves, historical unit outages, hydrology, minimum 

flow requirements, and leakage through the Blewett Falls flashboards: 
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 Reservoir Operations – Reservoir operations have been modeled based on average or 

generic rule curves which do not always capture historical discretionary reservoir 

drawdowns. 

 Reservoir Evaporation – Reservoir evaporation has been simulated based on estimated 

reservoir area curves and estimated evaporation rates. 

 Unit Performance – The Model has been set up with estimated unit performance 

information. 

 Historical Unit Outages – The verification scenarios do not take into account detailed 

historical unit outage information.   

 Hydrology – The Model uses reconstructed UIF data as the input for daily inflow water to 

the system.  The unimpaired hydrology was synthesized based on gage data and historical 

water use records, both of which have a certain amount of inherent error especially when 

multiple locations and data sources are involved.  The overall hydrologic data set appears to 

be a good representation of daily inflows and is acceptable for use in future water 

management planning. 

 Minimum Flow Requirements – The Model is set up to account for minimum streamflow 

requirements automatically.  As a result, the Model is proactive in automatically addressing 

minimum streamflow requirements rather than reactive in providing excess flow to avoid 

potential violations, as the case may be in actual operations. 

 Leakage Through the Blewett Falls Flashboards – The Model has been set up with estimated 

leakage trough the flashboards.  The actually leakage through the flashboards will vary 

depending on the condition of the boards.   

 

In interpreting the information provided in this model operations/verification report, it is 

important to reflect on the purpose of the model:  to reasonably characterize development 

operations.  Comparing model results with historical data confirms use of the model as a tool for 

simulating “real” operations.  It is not possible with reasonable time and budget constraints to 

account for every outside influence or condition to match historical operations and hydrology. 
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Small changes in input data or model logic can often result in large swings in output.  This is due 

to a number of reasons including (but not limited to) runoff characteristics, reliance on 

coordinated operations, and numerous/variable flow requirements.  Each of these elements 

individually contributes to the sensitivity of the system.  Combined, they multiply that sensitivity 

exponentially.  The input data and logic in the historical base scenario is an attempt to 

consolidate the effects of these variables to achieve an approximation of “characteristic 

operations.” 

 

The sensitivity described above also means that those factors that are unable to be accounted for 

in the model (short-term operations decisions based on pricing, demand, forecasts, etc.) as well 

as data that is impossible to replicate exactly (synthesized hydrology data, shutdowns due to 

irregular maintenance, etc.) can result in relatively large discrepancies between modeled output 

and historical data on a per-month/per-development basis.  The factors and sensitivity warrant 

careful model review with awareness of the potential for outliers.  The ultimate acceptance of the 

results should not hinge on the extremes, but rather on the overall impression of consistency 

between modeled and historical operations.  Particularly, it must always be foremost in model 

discussions that the model should always be used to assess the relative impacts between 

scenarios.  What this means is model verification is the only time it is appropriate to compare 

model results with historical data.   

 

In the opinion of HDR, verification results show the Model compares favorably to historical 

data, reasonably characterizes study area operations, and is appropriate for use in evaluating the 

effects of alternative operating scenarios.  However, appropriate use of the results is cautioned.  

As with any model, accuracy is highly dependent on input data; consequently, model results 

should be viewed in a relative, rather than absolute, context.  The Model is a tool that, as this 

report demonstrates, can be successfully used to evaluate the relative sensitivity and response of 

the project to changing operational constraints, including water demands from the system.      
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Appendix A - Reference Gage Hind-Casted Water Use

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1955 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1956 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1957 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1958 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1959 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1960 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1961 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1962 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1963 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1964 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1965 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1966 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1967 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1968 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1969 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1970 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1971 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1972 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1973 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1974 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1975 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1976 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1977 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1978 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1979 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1980 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1981 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1982 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1983 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1984 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1985 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1986 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1987 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1988 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1989 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1990 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1991 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1992 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1993 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1994 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1995 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1996 (0.02) (0.02) 0.03 0.10 0.38 0.71 0.88 0.74 0.38 0.12 0.06 (0.00)

1997 0.02 (0.08) 0.14 0.31 0.51 0.85 0.97 0.90 0.50 0.19 0.22 0.17

1998 0.00 (0.09) 0.10 0.27 0.47 0.81 0.94 0.86 0.46 0.15 0.17 0.12

1999 (0.02) (0.10) 0.06 0.23 0.42 0.77 0.91 0.82 0.41 0.11 0.11 0.07

2000 (0.04) (0.11) 0.03 0.19 0.38 0.73 0.88 0.77 0.37 0.07 0.06 0.01

2001 (0.06) (0.12) (0.01) 0.14 0.33 0.69 0.85 0.73 0.33 0.04 0.00 (0.04)

2002 (0.08) (0.13) (0.05) 0.10 0.29 0.65 0.82 0.68 0.29 (0.00) (0.05) (0.09)

2003 (0.08) (0.10) (0.03) 0.24 0.35 0.72 0.90 0.77 0.53 0.12 0.10 0.02

2004 0.04 0.03 0.03 (0.69) 0.40 0.70 0.92 0.79 0.39 0.12 0.08 (0.01)

2005 0.01 (0.03) 0.04 0.15 0.37 0.70 0.90 0.79 0.39 0.10 0.06 (0.01)

2006 0.00 0.10 (0.02) 0.12 0.34 0.69 0.93 0.76 0.40 0.04 0.01 0.03

2007 (0.01) (0.03) 0.06 0.14 0.41 0.68 0.83 0.68 0.30 0.09 0.05 (0.04)

2008 (0.01) (0.03) 0.05 0.16 0.36 0.70 0.83 0.69 0.31 0.12 0.06 (0.04)

2009 (0.02) 0.00 0.04 0.15 0.36 0.70 0.86 0.70 0.38 0.12 (0.01) (0.03)

2010 (0.03) (0.02) 0.01 0.12 0.37 0.68 0.84 0.65 0.34 0.15 0.04 (0.10)

2011 (0.09) (0.04) 0.00 0.15 0.33 0.68 0.87 0.76 0.43 0.19 0.06 0.05

2012 0.01 0.04 0.08 0.20 0.44 0.70 0.87 0.75 0.35 0.16 0.10 0.02

USGS Gage 02111000

NET WITHDRAWALS (CFS)

USGS_gage_flows_1955to2012_Daily.xlsx A - 1 6/26/2014
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USGS Gage 2111500

NET WITHDRAWALS (CFS)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1955 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1956 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1957 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1958 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1959 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1960 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1961 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1962 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1963 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1964 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1965 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1966 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1967 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1968 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1969 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1970 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1971 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1972 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1973 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1974 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1975 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1976 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1977 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1978 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1979 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1980 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1981 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1982 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1983 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1984 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1985 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1986 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1987 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1988 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1989 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1990 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1991 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1992 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1993 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1994 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1995 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1996 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1997 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1998 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

1999 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

2000 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

2001 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

2002 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

2003 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

2004 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

2005 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

2006 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

2007 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

2008 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

2009 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

2010 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

2011 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

2012 0.04 0.07 0.25 0.64 1.24 2.26 2.80 2.32 1.35 0.53 0.14 0.05

USGS_gage_flows_1955to2012_Daily.xlsx A - 2 6/26/2014
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Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1955 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1956 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1957 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1958 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1959 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1960 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1961 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1962 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1963 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1964 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1965 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1966 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1967 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1968 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1969 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1970 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1971 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1972 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1973 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1974 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1975 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1976 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1977 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1978 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1979 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1980 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1981 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1982 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1983 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1984 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1985 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1986 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1987 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1988 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1989 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1990 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1991 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1992 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1993 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1994 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1995 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1996 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1997 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1998 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

1999 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

2000 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

2001 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

2002 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

2003 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

2004 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

2005 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

2006 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

2007 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

2008 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

2009 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

2010 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

2011 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

2012 0.04 0.07 0.25 0.64 1.25 2.29 2.84 2.35 1.37 0.53 0.14 0.05

USGS Gage 2128000

NET WITHDRAWALS (CFS)
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Appendix A - Reference Gage Hind-Casted Water Use

USGS Gage 2118500

NET WITHDRAWALS (CFS)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1955 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1956 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1957 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1958 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1959 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1960 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1961 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1962 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1963 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1964 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1965 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1966 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1967 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1968 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1969 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1970 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1971 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1972 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1973 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1974 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1975 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1976 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1977 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1978 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1979 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1980 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1981 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1982 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1983 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1984 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1985 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1986 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1987 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1988 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1989 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1990 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1991 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1992 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1993 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1994 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1995 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1996 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1997 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1998 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

1999 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

2000 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

2001 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

2002 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

2003 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

2004 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

2005 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

2006 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

2007 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

2008 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

2009 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

2010 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

2011 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07

2012 0.06 0.10 0.35 0.91 1.77 3.23 4.01 3.31 1.93 0.75 0.20 0.07
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Appendix A - Reference Gage Hind-Casted Water Use

USGS Gage 02118000

NET WITHDRAWALS (CFS)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1955 4.55 4.59 5.06 6.41 8.41 11.52 13.22 11.78 9.13 6.81 5.28 4.88

1956 4.60 4.63 5.11 6.46 8.46 11.57 13.27 11.83 9.18 6.87 5.33 4.93

1957 4.64 4.68 5.15 6.50 8.51 11.62 13.32 11.88 9.24 6.92 5.38 4.98

1958 4.69 4.73 5.20 6.55 8.56 11.67 13.37 11.94 9.29 6.98 5.43 5.03

1959 4.74 4.77 5.24 6.60 8.61 11.72 13.42 11.99 9.34 7.03 5.48 5.08

1960 4.78 4.82 5.29 6.64 8.66 11.78 13.48 12.04 9.40 7.09 5.54 5.13

1961 4.85 4.89 5.36 6.72 8.74 11.86 13.56 12.12 9.48 7.17 5.61 5.20

1962 4.93 4.96 5.43 6.79 8.82 11.94 13.65 12.21 9.57 7.26 5.69 5.28

1963 5.00 5.03 5.50 6.87 8.90 12.02 13.73 12.29 9.66 7.35 5.78 5.36

1964 5.08 5.11 5.58 6.95 8.98 12.11 13.82 12.38 9.75 7.44 5.86 5.44

1965 5.16 5.18 5.65 7.03 9.06 12.19 13.91 12.46 9.84 7.53 5.94 5.52

1966 5.23 5.26 5.73 7.11 9.15 12.28 14.00 12.55 9.93 7.62 6.03 5.60

1967 5.31 5.34 5.81 7.19 9.23 12.37 14.09 12.64 10.02 7.71 6.11 5.69

1968 5.39 5.42 5.88 7.27 9.32 12.46 14.18 12.73 10.12 7.81 6.20 5.77

1969 5.48 5.50 5.96 7.36 9.41 12.55 14.27 12.83 10.22 7.91 6.29 5.86

1970 5.56 5.58 6.05 7.44 9.50 12.64 14.37 12.92 10.32 8.00 6.38 5.95

1971 5.64 5.66 6.13 7.53 9.59 12.73 14.47 13.01 10.41 8.10 6.47 6.03

1972 5.73 5.74 6.21 7.61 9.68 12.83 14.56 13.11 10.51 8.20 6.56 6.12

1973 5.81 5.83 6.29 7.70 9.77 12.92 14.66 13.20 10.61 8.30 6.65 6.21

1974 5.90 5.91 6.37 7.79 9.86 13.02 14.76 13.30 10.72 8.40 6.74 6.30

1975 5.99 6.00 6.46 7.88 9.95 13.11 14.86 13.40 10.82 8.50 6.84 6.39

1976 6.08 6.08 6.55 7.97 10.05 13.21 14.96 13.50 10.93 8.61 6.93 6.48

1977 6.17 6.17 6.63 8.06 10.15 13.31 15.07 13.60 11.03 8.71 7.03 6.58

1978 6.26 6.26 6.72 8.16 10.25 13.42 15.17 13.71 11.14 8.82 7.13 6.67

1979 6.35 6.35 6.81 8.25 10.35 13.52 15.28 13.81 11.25 8.93 7.23 6.77

1980 6.45 6.45 6.91 8.35 10.45 13.63 15.39 13.92 11.37 9.04 7.33 6.87

1981 6.52 6.52 6.98 8.42 10.53 13.71 15.48 14.00 11.45 9.13 7.41 6.95

1982 6.60 6.59 7.05 8.50 10.61 13.79 15.56 14.09 11.54 9.22 7.49 7.03

1983 6.67 6.67 7.13 8.58 10.69 13.88 15.65 14.17 11.63 9.31 7.58 7.11

1984 6.75 6.74 7.20 8.66 10.77 13.96 15.73 14.26 11.72 9.40 7.66 7.19

1985 6.82 6.82 7.27 8.73 10.86 14.05 15.82 14.35 11.81 9.49 7.74 7.27

1986 6.90 6.90 7.35 8.81 10.94 14.13 15.91 14.44 11.90 9.58 7.83 7.36

1987 6.98 6.97 7.43 8.90 11.03 14.22 16.00 14.53 11.99 9.67 7.92 7.44

1988 7.06 7.05 7.51 8.98 11.11 14.31 16.09 14.62 12.09 9.77 8.00 7.52

1989 7.14 7.13 7.58 9.06 11.20 14.40 16.18 14.71 12.18 9.87 8.09 7.61

1990 7.22 7.21 7.66 9.14 11.29 14.49 16.28 14.80 12.28 9.96 8.18 7.70

1991 7.41 7.40 7.85 9.34 11.50 14.71 16.49 15.02 12.50 10.19 8.39 7.90

1992 7.61 7.60 8.04 9.54 11.71 14.92 16.72 15.24 12.73 10.43 8.61 8.11

1993 7.81 7.80 8.24 9.75 11.93 15.15 16.95 15.47 12.97 10.67 8.83 8.33

1994 8.02 8.00 8.45 9.96 12.16 15.38 17.18 15.71 13.21 10.92 9.06 8.55

1995 8.23 8.22 8.65 10.18 12.39 15.62 17.43 15.95 13.46 11.17 9.30 8.78

1996 8.45 8.43 8.87 10.41 12.63 15.87 17.68 16.20 13.71 11.43 9.54 9.01

1997 8.67 8.66 9.09 10.64 12.87 16.12 17.93 16.46 13.98 11.70 9.79 9.25

1998 8.71 8.71 9.17 10.84 13.05 16.44 17.78 15.73 13.27 11.09 9.34 8.82

1999 8.74 8.75 9.25 11.05 13.23 16.76 17.64 15.01 12.57 10.48 8.90 8.39

2000 8.77 8.80 9.33 11.25 13.41 17.08 17.49 14.28 11.86 9.87 8.46 7.95

2001 8.81 8.85 9.41 11.46 13.59 17.40 17.34 13.56 11.15 9.27 8.02 7.52

2002 8.84 8.90 9.49 11.66 13.77 17.72 17.19 12.84 10.45 8.66 7.58 7.09

2003 8.52 8.61 9.30 11.22 13.71 17.37 17.18 13.72 10.99 8.94 7.64 7.21

2004 8.19 8.32 9.12 10.79 13.65 17.03 17.18 14.60 11.54 9.23 7.71 7.33

2005 7.87 8.02 8.94 10.35 13.59 16.68 17.17 15.49 12.08 9.52 7.77 7.45

2006 7.54 7.73 8.75 9.92 13.53 16.33 17.16 16.37 12.62 9.81 7.84 7.57

2007 7.22 7.44 8.57 9.48 13.46 15.99 17.16 17.26 13.17 10.10 7.90 7.69

2008 7.68 7.58 7.96 9.59 11.83 16.02 17.13 15.22 12.03 9.51 8.10 7.53

2009 7.32 7.11 7.96 8.99 10.84 14.28 16.58 14.65 11.50 8.57 7.26 6.76

2010 7.21 7.32 7.68 9.33 11.41 14.81 16.70 14.88 12.34 9.21 7.51 7.21

2011 7.20 7.03 7.67 9.05 11.23 14.93 16.38 15.04 11.81 9.02 7.54 7.00

2012 7.02 7.03 7.69 9.00 11.31 14.66 16.25 14.66 11.55 8.93 7.63 7.24
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Appendix A - Reference Gage Hind-Casted Water Use

USGS Gage 2120780

NET WITHDRAWALS (CFS)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1955 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1956 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1957 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1958 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1959 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1960 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1961 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1962 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1963 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1964 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1965 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1966 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1967 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1968 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1969 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1970 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1971 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1972 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1973 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1974 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1975 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1976 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1977 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1978 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1979 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1980 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1981 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1982 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1983 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1984 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1985 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1986 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1987 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1988 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1989 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1990 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1991 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1992 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1993 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1994 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1995 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1996 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1997 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1998 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

1999 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

2000 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

2001 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

2002 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

2003 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

2004 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

2005 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

2006 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

2007 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

2008 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

2009 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

2010 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

2011 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05

2012 0.04 0.07 0.26 0.66 1.28 2.33 2.89 2.39 1.39 0.54 0.14 0.05
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Appendix A - Reference Gage Hind-Casted Water Use

USGS Gage 2125000

NET WITHDRAWALS (CFS)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1955 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1956 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1957 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1958 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1959 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1960 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1961 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1962 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1963 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1964 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1965 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1966 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1967 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1968 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1969 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1970 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1971 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1972 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1973 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1974 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1975 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1976 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1977 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1978 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1979 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1980 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1981 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1982 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1983 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1984 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1985 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1986 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1987 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1988 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1989 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1990 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1991 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1992 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1993 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1994 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1995 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1996 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1997 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1998 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

1999 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

2000 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

2001 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

2002 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

2003 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

2004 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

2005 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

2006 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

2007 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

2008 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

2009 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

2010 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

2011 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02

2012 0.01 0.02 0.08 0.20 0.40 0.72 0.90 0.74 0.43 0.17 0.04 0.02
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Appendix A - Reference Gage Hind-Casted Water Use

USGS Gage 2126000

NET WITHDRAWALS (CFS)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1955 (12.83) (16.50) (14.95) (9.51) 4.27 18.64 22.35 19.76 5.86 (6.68) (14.38) (17.57)

1956 (13.03) (16.72) (15.18) (9.74) 4.09 18.47 22.15 19.59 5.68 (6.88) (14.60) (17.82)

1957 (13.22) (16.95) (15.41) (9.97) 3.91 18.30 21.96 19.42 5.50 (7.09) (14.84) (18.07)

1958 (13.42) (17.19) (15.66) (10.21) 3.72 18.13 21.75 19.25 5.31 (7.30) (15.07) (18.32)

1959 (13.62) (17.42) (15.90) (10.45) 3.53 17.95 21.55 19.07 5.12 (7.51) (15.31) (18.58)

1960 (13.83) (17.67) (16.15) (10.69) 3.33 17.77 21.34 18.89 4.92 (7.73) (15.56) (18.85)

1961 (14.04) (17.92) (16.41) (10.94) 3.15 17.61 21.14 18.72 4.75 (7.94) (15.79) (19.10)

1962 (14.25) (18.18) (16.67) (11.19) 2.97 17.44 20.94 18.56 4.57 (8.15) (16.02) (19.36)

1963 (14.47) (18.44) (16.93) (11.44) 2.78 17.27 20.74 18.39 4.39 (8.36) (16.25) (19.63)

1964 (14.69) (18.71) (17.20) (11.70) 2.60 17.10 20.53 18.21 4.21 (8.57) (16.49) (19.89)

1965 (14.92) (18.98) (17.47) (11.97) 2.40 16.92 20.32 18.04 4.02 (8.79) (16.74) (20.17)

1966 (15.15) (19.26) (17.75) (12.24) 2.21 16.74 20.10 17.86 3.83 (9.02) (16.98) (20.45)

1967 (15.39) (19.54) (18.03) (12.51) 2.01 16.56 19.88 17.67 3.63 (9.25) (17.24) (20.73)

1968 (15.63) (19.83) (18.32) (12.79) 1.80 16.37 19.66 17.49 3.43 (9.48) (17.49) (21.02)

1969 (15.88) (20.12) (18.61) (13.07) 1.59 16.18 19.43 17.29 3.23 (9.72) (17.76) (21.31)

1970 (16.13) (20.42) (18.91) (13.36) 1.38 15.99 19.19 17.10 3.03 (9.96) (18.02) (21.61)

1971 (16.45) (20.81) (19.29) (13.73) 1.12 15.76 18.91 16.87 2.78 (10.25) (18.36) (21.99)

1972 (16.78) (21.21) (19.68) (14.10) 0.86 15.53 18.62 16.64 2.52 (10.55) (18.71) (22.37)

1973 (17.12) (21.61) (20.07) (14.48) 0.60 15.30 18.33 16.40 2.27 (10.85) (19.06) (22.77)

1974 (17.46) (22.02) (20.47) (14.86) 0.33 15.06 18.03 16.17 2.01 (11.16) (19.41) (23.16)

1975 (17.81) (22.44) (20.88) (15.25) 0.06 14.82 17.73 15.92 1.74 (11.47) (19.77) (23.57)

1976 (18.16) (22.87) (21.29) (15.65) (0.22) 14.58 17.43 15.68 1.47 (11.79) (20.14) (23.98)

1977 (18.52) (23.30) (21.71) (16.05) (0.50) 14.33 17.12 15.43 1.20 (12.11) (20.51) (24.39)

1978 (18.89) (23.74) (22.14) (16.46) (0.79) 14.08 16.80 15.18 0.93 (12.44) (20.88) (24.82)

1979 (19.26) (24.19) (22.57) (16.88) (1.08) 13.82 16.48 14.92 0.64 (12.77) (21.27) (25.25)

1980 (19.64) (24.64) (23.01) (17.30) (1.37) 13.57 16.16 14.66 0.36 (13.11) (21.65) (25.68)

1981 (19.95) (25.02) (23.40) (17.68) (1.64) 13.32 15.86 14.42 0.10 (13.42) (22.00) (26.08)

1982 (20.27) (25.41) (23.79) (18.06) (1.91) 13.08 15.56 14.18 (0.16) (13.73) (22.36) (26.47)

1983 (20.60) (25.81) (24.18) (18.44) (2.19) 12.83 15.25 13.93 (0.43) (14.05) (22.72) (26.88)

1984 (20.93) (26.21) (24.58) (18.83) (2.47) 12.57 14.94 13.67 (0.71) (14.38) (23.08) (27.29)

1985 (21.26) (26.62) (24.99) (19.23) (2.76) 12.32 14.63 13.42 (0.99) (14.71) (23.46) (27.71)

1986 (21.60) (27.03) (25.41) (19.64) (3.05) 12.05 14.30 13.16 (1.27) (15.04) (23.83) (28.13)

1987 (21.95) (27.45) (25.83) (20.05) (3.35) 11.78 13.98 12.89 (1.56) (15.38) (24.22) (28.56)

1988 (22.31) (27.88) (26.26) (20.47) (3.65) 11.51 13.64 12.62 (1.85) (15.73) (24.61) (29.00)

1989 (22.67) (28.32) (26.70) (20.90) (3.96) 11.23 13.30 12.34 (2.15) (16.08) (25.01) (29.45)

1990 (23.03) (28.77) (27.15) (21.33) (4.27) 10.95 12.96 12.06 (2.45) (16.44) (25.42) (29.90)

1991 (23.75) (29.64) (28.01) (22.17) (4.86) 10.42 12.30 11.53 (3.02) (17.12) (26.17) (30.76)

1992 (24.49) (30.54) (28.89) (23.03) (5.47) 9.87 11.63 10.99 (3.61) (17.82) (26.96) (31.64)

1993 (25.26) (31.46) (29.80) (23.92) (6.10) 9.31 10.93 10.43 (4.21) (18.53) (27.76) (32.54)

1994 (26.05) (32.42) (30.74) (24.84) (6.75) 8.73 10.22 9.85 (4.84) (19.27) (28.59) (33.47)

1995 (26.87) (33.41) (31.70) (25.78) (7.41) 8.13 9.48 9.26 (5.48) (20.03) (29.44) (34.43)

1996 (27.71) (34.42) (32.70) (26.76) (8.10) 7.52 8.72 8.65 (6.13) (20.82) (30.32) (35.42)

1997 (29.30) (36.39) (34.52) (28.52) (9.63) 6.87 6.90 6.58 (8.46) (22.58) (31.78) (36.94)

1998 (30.52) (35.74) (34.27) (26.21) (8.40) 8.51 9.59 7.69 (7.82) (22.67) (33.10) (37.46)

1999 (31.74) (35.09) (34.02) (23.90) (7.16) 10.14 12.29 8.80 (7.18) (22.75) (34.41) (37.98)

2000 (32.97) (34.44) (33.77) (21.59) (5.92) 11.78 14.98 9.91 (6.54) (22.83) (35.73) (38.50)

2001 (34.19) (33.79) (33.52) (19.28) (4.69) 13.42 17.67 11.02 (5.90) (22.91) (37.05) (39.02)

2002 (35.41) (33.14) (33.27) (16.96) (3.45) 15.06 20.36 12.13 (5.25) (22.99) (38.36) (39.53)

2003 (25.52) (48.05) (60.34) (56.43) (36.05) (16.83) 1.89 (2.50) (4.21) (11.75) (19.84) (29.10)

2004 (20.85) (49.91) (30.48) (16.15) 0.75 11.22 18.71 11.74 (22.41) (16.88) (26.21) (29.61)

2005 (27.35) (33.52) (39.81) (25.01) 1.19 6.46 14.07 10.86 4.41 (14.14) (21.01) (40.52)

2006 (32.61) (25.90) (20.60) (10.12) 2.80 9.33 23.38 12.46 (5.99) (16.32) (40.41) (29.84)

2007 (41.50) (35.27) (32.15) (18.52) 2.07 12.11 21.91 19.96 5.19 (10.28) (15.08) (21.19)

2008 (17.29) (21.80) (23.63) (24.78) (4.31) 16.50 21.49 5.94 (8.02) (15.27) (21.89) (40.11)

2009 (26.06) (23.61) (43.42) (18.86) (5.41) 11.19 19.87 13.87 2.06 (4.55) (28.84) (42.48)

2010 (45.74) (54.75) (38.87) (18.77) (9.54) 1.66 14.40 4.84 (2.98) (12.00) (17.17) (22.93)

2011 (21.26) (28.76) (33.76) (24.10) (10.68) 8.72 18.84 11.42 (4.64) (16.62) (27.15) (31.24)

2012 (37.66) (35.63) (30.49) (17.79) (11.23) 8.10 16.13 2.84 (9.63) (16.43) (19.52) (25.71)
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Appendix B - Water Use by Reservoir Basin

SUBBASIN W. KERR SCOTT RESERVOIR

WITHDRAWALS (CFS)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1997 0.44 0.52 1.22 2.78 5.19 9.29 11.47 9.56 5.61 2.31 0.83 0.45

1998 0.44 0.52 1.22 2.78 5.19 9.29 11.47 9.56 5.61 2.31 0.83 0.45

1999 0.44 0.52 1.22 2.78 5.19 9.29 11.47 9.56 5.61 2.31 0.83 0.45

2000 0.44 0.52 1.22 2.78 5.19 9.29 11.47 9.56 5.61 2.31 0.83 0.45

2001 0.44 0.52 1.22 2.78 5.19 9.29 11.47 9.56 5.61 2.31 0.83 0.45

2002 0.44 0.52 1.22 2.78 5.19 9.29 11.47 9.56 5.61 2.31 0.83 0.45

2003 0.44 0.52 1.22 2.78 5.19 9.29 11.47 9.56 5.61 2.31 0.83 0.45

2004 0.44 0.52 1.22 2.78 5.19 9.29 11.47 9.56 5.61 2.31 0.83 0.45

2005 0.44 0.52 1.22 2.78 5.19 9.29 11.47 9.56 5.61 2.31 0.83 0.45

2006 0.44 0.52 1.22 2.78 5.19 9.29 11.47 9.56 5.61 2.31 0.83 0.45

2007 0.44 0.52 1.22 2.78 5.19 9.29 11.47 9.56 5.61 2.31 0.83 0.45

2008 0.48 0.49 1.18 2.77 5.24 9.24 11.37 9.53 5.49 2.18 0.70 0.28

2009 0.35 0.49 1.08 2.61 5.10 9.27 11.42 9.41 5.54 2.25 0.75 0.39

2010 0.34 0.50 1.25 2.79 5.17 9.33 11.54 9.69 5.68 2.25 0.94 0.57

2011 0.56 0.55 1.25 2.83 5.27 9.34 11.55 9.59 5.66 2.45 0.88 0.50

2012 0.46 0.56 1.34 2.87 5.18 9.28 11.47 9.59 5.67 2.42 0.89 0.50

DATA TRANSMITTED ON: 6/24/14
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Appendix B - Water Use by Reservoir Basin

SUBBASIN W. KERR SCOTT RESERVOIR

RETURNS (CFS)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1997 0.26 0.35 0.17 0.13 0.14 0.15 0.21 0.15 0.15 0.19 0.09 0.09

1998 0.28 0.36 0.21 0.17 0.18 0.19 0.24 0.19 0.19 0.22 0.15 0.14

1999 0.30 0.37 0.25 0.21 0.23 0.23 0.26 0.23 0.24 0.26 0.20 0.19

2000 0.32 0.38 0.29 0.25 0.27 0.27 0.29 0.28 0.28 0.30 0.26 0.24

2001 0.35 0.39 0.32 0.29 0.32 0.31 0.32 0.32 0.32 0.34 0.31 0.29

2002 0.37 0.40 0.36 0.34 0.36 0.35 0.35 0.36 0.36 0.38 0.37 0.34

2003 0.36 0.37 0.34 0.20 0.30 0.27 0.28 0.28 0.12 0.25 0.21 0.24

2004 0.25 0.24 0.29 1.12 0.25 0.29 0.26 0.26 0.26 0.25 0.23 0.27

2005 0.28 0.30 0.27 0.29 0.28 0.30 0.28 0.26 0.27 0.28 0.26 0.26

2006 0.28 0.17 0.33 0.32 0.32 0.31 0.25 0.29 0.25 0.34 0.31 0.23

2007 0.30 0.30 0.26 0.30 0.24 0.31 0.35 0.37 0.35 0.29 0.26 0.29

2008 0.34 0.27 0.22 0.27 0.34 0.24 0.25 0.33 0.22 0.13 0.13 0.13

2009 0.22 0.24 0.13 0.13 0.20 0.27 0.27 0.20 0.20 0.20 0.24 0.23

2010 0.22 0.28 0.33 0.33 0.26 0.35 0.41 0.53 0.39 0.16 0.38 0.48

2011 0.50 0.34 0.34 0.35 0.40 0.37 0.38 0.31 0.28 0.32 0.30 0.26

2012 0.29 0.27 0.36 0.34 0.21 0.28 0.31 0.33 0.36 0.32 0.27 0.29
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Appendix B - Water Use by Reservoir Basin

SUBBASIN HIGH ROCK LAKE

WITHDRAWALS (CFS)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1997 143.18 143.18 149.78 171.94 204.64 247.37 273.47 257.25 219.73 176.01 151.10 140.64

1998 141.93 142.43 148.66 173.25 206.26 250.55 273.62 256.75 215.84 173.11 148.66 139.73

1999 140.68 141.67 147.54 174.55 207.89 253.73 273.77 256.24 211.95 170.21 146.22 138.82

2000 139.43 140.92 146.42 175.86 209.51 256.91 273.92 255.74 208.07 167.30 143.79 137.90

2001 138.18 140.16 145.30 177.17 211.14 260.09 274.07 255.23 204.18 164.40 141.35 136.99

2002 136.94 139.41 144.18 178.48 212.76 263.27 274.22 254.72 200.29 161.50 138.91 136.08

2003 135.79 138.69 144.00 175.55 212.43 259.87 271.73 257.20 203.81 162.84 138.95 134.59

2004 133.82 137.27 143.08 171.96 211.61 256.29 269.02 259.34 206.66 164.13 139.27 132.67

2005 132.93 136.71 142.99 168.90 211.09 252.09 266.11 262.70 211.82 166.06 137.60 131.89

2006 130.84 136.34 143.28 167.27 209.02 249.59 263.65 264.45 212.69 166.78 140.25 128.95

2007 131.74 137.44 143.03 164.44 212.22 246.28 261.65 266.50 219.43 170.39 141.47 129.66

2008 132.17 129.21 135.40 155.82 188.12 254.45 264.89 241.82 192.55 152.63 130.12 123.15

2009 127.60 123.06 129.17 147.21 173.89 227.87 254.06 237.67 190.54 148.95 127.91 122.54

2010 132.79 130.93 132.52 154.78 185.71 238.09 263.42 235.82 203.02 155.69 116.64 125.86

2011 126.66 123.18 129.93 147.08 180.82 242.89 257.85 244.07 194.71 153.61 128.11 121.66

2012 123.95 124.18 133.49 154.16 185.93 233.90 261.76 234.08 189.18 151.49 132.86 122.08

DATA TRANSMITTED ON: 6/24/14
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Appendix B - Water Use by Reservoir Basin

SUBBASIN HIGH ROCK LAKE

RETURNS (CFS)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1997 118.56 125.90 124.82 131.14 119.89 117.72 114.38 110.66 108.42 107.01 103.40 104.83

1998 117.47 121.75 121.53 125.62 116.53 114.79 112.35 109.39 108.37 108.97 107.30 109.00

1999 116.38 117.61 118.24 120.11 113.18 111.87 110.32 108.12 108.33 110.94 111.19 113.18

2000 115.30 113.47 114.95 114.59 109.82 108.94 108.29 106.84 108.28 112.90 115.09 117.36

2001 114.21 109.32 111.66 109.07 106.46 106.01 106.25 105.57 108.24 114.86 118.98 121.53

2002 113.12 105.17 108.37 103.56 103.11 103.07 104.22 104.29 108.19 116.82 122.87 125.70

2003 111.85 129.09 156.89 161.34 138.24 146.08 139.62 132.26 124.67 110.13 107.27 114.12

2004 104.33 120.89 116.06 114.30 107.70 109.12 106.74 107.86 137.11 109.81 115.25 118.96

2005 112.42 116.78 127.06 116.02 106.95 108.68 111.89 111.32 102.97 109.60 104.14 117.34

2006 117.08 108.45 106.39 107.46 102.18 110.43 110.30 105.88 116.86 107.84 128.28 105.68

2007 135.08 111.02 124.50 117.14 102.95 104.67 98.24 97.24 93.84 101.05 93.73 99.09

2008 99.77 105.71 106.17 113.21 101.38 91.44 91.49 98.37 102.91 93.86 93.72 105.87

2009 106.93 96.81 118.88 106.41 104.75 108.24 90.32 93.61 93.75 93.18 120.15 127.79

2010 130.06 135.65 120.44 109.39 107.11 103.98 97.93 104.89 99.31 99.98 96.08 100.12

2011 98.61 101.61 115.56 106.89 103.65 98.47 100.74 99.82 103.57 98.34 107.21 107.17

2012 100.92 100.43 102.82 95.80 108.95 95.35 92.66 96.50 96.40 93.52 86.56 89.12
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Appendix B - Water Use by Reservoir Basin

SUBBASIN TUCKERTOWN RESERVOIR

WITHDRAWALS (CFS)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1997 5.64 5.79 5.81 6.39 7.19 8.04 8.43 8.06 7.37 6.65 6.00 5.48

1998 5.98 6.06 6.10 6.71 7.47 8.40 8.73 8.30 7.55 6.83 6.20 5.69

1999 6.32 6.33 6.40 7.03 7.76 8.76 9.04 8.55 7.74 7.02 6.40 5.90

2000 6.65 6.60 6.69 7.35 8.04 9.12 9.34 8.79 7.92 7.21 6.61 6.11

2001 6.99 6.86 6.99 7.67 8.32 9.48 9.64 9.04 8.10 7.39 6.81 6.33

2002 7.33 7.13 7.28 7.99 8.60 9.84 9.95 9.28 8.28 7.58 7.01 6.54

2003 6.98 6.81 6.92 7.56 8.45 9.56 9.63 9.00 8.11 7.23 6.82 6.33

2004 6.64 6.49 6.56 7.14 8.29 9.28 9.32 8.72 7.94 6.88 6.63 6.12

2005 6.29 6.17 6.20 6.72 8.14 9.00 9.00 8.44 7.77 6.54 6.44 5.92

2006 5.94 5.84 5.83 6.30 7.99 8.72 8.69 8.16 7.60 6.19 6.25 5.71

2007 5.60 5.52 5.47 5.88 7.83 8.44 8.37 7.88 7.42 5.84 6.06 5.50

2008 5.98 6.18 6.05 6.52 7.20 8.73 8.46 8.44 7.14 6.36 5.83 5.34

2009 5.29 5.35 5.23 5.35 6.29 7.66 8.04 7.53 6.73 5.88 5.36 5.25

2010 5.71 5.40 5.55 6.00 6.79 7.95 8.26 7.92 7.07 6.05 5.61 5.38

2011 5.57 5.35 5.33 5.88 6.57 7.77 8.15 7.53 6.74 5.87 5.48 5.58

2012 5.10 5.14 5.18 5.86 6.29 7.60 8.26 7.54 6.94 5.79 5.68 6.31

DATA TRANSMITTED ON: 6/24/14
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Appendix B - Water Use by Reservoir Basin

SUBBASIN TUCKERTOWN RESERVOIR

RETURNS (CFS)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1997 0.66 0.75 0.72 0.66 0.46 0.39 0.47 0.41 0.46 0.71 0.76 0.58

1998 0.71 0.73 0.74 0.64 0.46 0.40 0.46 0.43 0.48 0.70 0.74 0.62

1999 0.76 0.72 0.76 0.62 0.47 0.41 0.46 0.44 0.50 0.70 0.73 0.66

2000 0.81 0.71 0.78 0.60 0.47 0.41 0.45 0.45 0.51 0.70 0.71 0.69

2001 0.86 0.70 0.79 0.58 0.48 0.42 0.44 0.47 0.53 0.69 0.70 0.73

2002 0.91 0.69 0.81 0.56 0.48 0.43 0.44 0.48 0.55 0.69 0.68 0.77

2003 0.55 0.76 0.89 0.80 0.75 0.57 0.44 0.55 0.51 0.42 0.35 0.48

2004 0.43 0.70 0.50 0.40 0.31 0.53 0.41 0.47 0.61 0.42 0.57 0.56

2005 0.55 0.65 0.83 0.61 0.37 0.39 0.40 0.40 0.35 0.40 0.47 0.70

2006 0.66 0.51 0.55 0.53 0.42 0.54 0.36 0.43 0.53 0.51 0.84 0.68

2007 0.81 0.75 0.65 0.61 0.46 0.51 0.41 0.44 0.45 0.53 0.46 0.62

2008 0.61 0.66 0.73 0.87 0.61 0.45 0.48 0.56 0.63 0.49 0.57 0.80

2009 0.70 0.66 1.12 0.73 0.57 0.88 0.71 0.63 0.60 0.59 0.92 1.12

2010 1.16 1.46 1.19 0.83 1.06 0.86 0.84 0.78 0.79 0.67 0.70 0.75

2011 0.82 0.85 0.95 0.77 0.82 0.81 0.64 0.68 0.81 0.79 0.92 0.97

2012 0.89 0.88 0.93 0.77 0.80 0.81 0.69 0.70 0.77 0.74 0.70 0.77
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Appendix B - Water Use by Reservoir Basin

SUBBASIN NARROWS RESERVOIR (BADIN LAKE)

WITHDRAWALS (CFS)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1997 5.59 5.76 5.62 6.00 6.51 6.88 7.02 6.95 6.66 6.41 5.93 5.46

1998 5.83 5.92 5.79 6.21 6.68 7.09 7.21 7.06 6.71 6.44 5.98 5.49

1999 6.08 6.08 5.97 6.41 6.84 7.30 7.39 7.18 6.76 6.46 6.03 5.52

2000 6.32 6.24 6.15 6.62 7.01 7.51 7.57 7.29 6.81 6.49 6.08 5.55

2001 6.56 6.40 6.32 6.83 7.18 7.72 7.75 7.41 6.86 6.51 6.13 5.58

2002 6.81 6.56 6.50 7.03 7.34 7.93 7.93 7.52 6.90 6.54 6.18 5.61

2003 6.38 6.13 6.09 6.55 7.13 7.57 7.49 7.08 6.68 6.14 6.00 5.41

2004 5.94 5.70 5.68 6.08 6.91 7.20 7.05 6.63 6.45 5.74 5.82 5.21

2005 5.51 5.27 5.27 5.60 6.70 6.84 6.61 6.18 6.22 5.35 5.63 5.01

2006 5.08 4.84 4.86 5.12 6.48 6.47 6.17 5.73 6.00 4.95 5.45 4.81

2007 4.65 4.41 4.45 4.64 6.27 6.11 5.73 5.28 5.77 4.55 5.27 4.61

2008 5.22 5.30 5.22 5.48 5.51 6.42 5.91 6.22 5.53 5.26 4.94 4.32

2009 4.43 4.32 4.23 4.05 4.40 5.02 5.45 5.32 5.12 4.71 4.30 4.14

2010 4.76 4.46 4.68 4.82 5.39 5.94 5.79 5.73 5.31 5.01 4.74 4.37

2011 4.59 4.49 4.58 4.77 5.12 5.76 5.79 5.55 5.32 4.80 4.77 5.04

2012 4.42 4.51 4.49 4.73 4.85 5.59 5.78 5.36 5.33 4.60 4.80 5.72

DATA TRANSMITTED ON: 6/24/14
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Appendix B - Water Use by Reservoir Basin

SUBBASIN NARROWS RESERVOIR (BADIN LAKE)

RETURNS (CFS)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1997 0.91 0.69 0.69 0.77 0.67 0.74 1.29 0.86 0.80 0.93 1.06 1.12

1998 0.97 0.59 0.60 0.64 0.58 0.64 1.06 0.83 0.70 0.84 0.97 0.95

1999 1.02 0.48 0.50 0.51 0.49 0.54 0.83 0.80 0.60 0.75 0.88 0.79

2000 1.08 0.38 0.41 0.38 0.39 0.45 0.60 0.78 0.50 0.66 0.79 0.63

2001 1.14 0.27 0.32 0.25 0.30 0.35 0.37 0.75 0.39 0.56 0.70 0.47

2002 1.20 0.17 0.22 0.12 0.21 0.25 0.14 0.72 0.29 0.47 0.61 0.31

2003 0.23 0.48 0.66 0.52 0.81 0.31 0.37 0.61 0.37 0.14 0.93 0.16

2004 0.13 0.43 0.20 0.20 0.30 0.25 0.19 0.50 1.03 0.20 0.23 0.22

2005 0.51 0.23 1.46 0.28 0.13 0.32 0.39 0.14 0.10 0.33 0.40 0.61

2006 0.21 0.11 0.19 0.16 0.07 0.23 0.12 0.80 0.16 0.43 0.24 0.24

2007 0.54 0.17 0.16 0.21 0.08 0.19 0.08 0.15 0.14 0.51 0.04 0.02

2008 0.13 0.13 0.46 0.40 0.10 0.06 0.89 0.44 1.41 0.66 0.05 0.13

2009 0.48 0.06 0.57 0.36 0.23 0.19 0.38 0.04 0.64 0.54 0.95 0.31

2010 0.58 0.46 0.39 0.06 0.65 0.30 0.25 0.29 0.23 0.20 0.09 0.06

2011 0.10 0.26 0.54 0.38 0.17 0.12 0.20 0.13 0.09 0.19 0.12 0.37

2012 0.19 0.19 0.09 0.05 0.56 0.40 0.12 0.32 0.26 0.05 0.02 0.56
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Appendix B - Water Use by Reservoir Basin

SUBBASIN FALLS RESERVOIR

WITHDRAWALS (CFS)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1997 0.00 0.00 0.01 0.02 0.04 0.07 0.08 0.07 0.04 0.02 0.00 0.00

1998 0.00 0.00 0.01 0.02 0.04 0.07 0.08 0.07 0.04 0.02 0.00 0.00

1999 0.00 0.00 0.01 0.02 0.04 0.07 0.08 0.07 0.04 0.02 0.00 0.00

2000 0.00 0.00 0.01 0.02 0.04 0.07 0.08 0.07 0.04 0.02 0.00 0.00

2001 0.00 0.00 0.01 0.02 0.04 0.07 0.08 0.07 0.04 0.02 0.00 0.00

2002 0.00 0.00 0.01 0.02 0.04 0.07 0.08 0.07 0.04 0.02 0.00 0.00

2003 0.00 0.00 0.01 0.02 0.04 0.07 0.08 0.07 0.04 0.02 0.00 0.00

2004 0.00 0.00 0.01 0.02 0.04 0.07 0.08 0.07 0.04 0.02 0.00 0.00

2005 0.00 0.00 0.01 0.02 0.04 0.07 0.08 0.07 0.04 0.02 0.00 0.00

2006 0.00 0.00 0.01 0.02 0.04 0.07 0.08 0.07 0.04 0.02 0.00 0.00

2007 0.00 0.00 0.01 0.02 0.04 0.07 0.08 0.07 0.04 0.02 0.00 0.00

2008 0.00 0.00 0.01 0.02 0.04 0.07 0.08 0.07 0.04 0.02 0.00 0.00

2009 0.00 0.00 0.01 0.02 0.04 0.07 0.08 0.07 0.04 0.02 0.00 0.00

2010 0.00 0.00 0.01 0.02 0.04 0.07 0.08 0.07 0.04 0.02 0.00 0.00

2011 0.00 0.00 0.01 0.02 0.04 0.07 0.08 0.07 0.04 0.02 0.00 0.00

2012 0.00 0.00 0.01 0.02 0.04 0.07 0.08 0.07 0.04 0.02 0.00 0.00

DATA TRANSMITTED ON: 6/24/14
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Appendix B - Water Use by Reservoir Basin

SUBBASIN FALLS RESERVOIR

RETURNS (CFS)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1997 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1998 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1999 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2001 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2002 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2003 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2004 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2005 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2006 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2007 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2008 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2009 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2010 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2011 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2012 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Appendix B - Water Use by Reservoir Basin

SUBBASIN LAKE TILLERY

WITHDRAWALS (CFS)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1997 11.68 11.68 12.34 14.46 17.93 23.06 25.55 23.19 18.60 14.62 12.39 10.69

1998 12.00 12.16 12.45 14.67 18.06 23.28 25.86 23.67 18.79 14.70 12.47 11.07

1999 12.32 12.64 12.56 14.88 18.20 23.51 26.16 24.15 18.98 14.78 12.55 11.46

2000 12.64 13.12 12.67 15.10 18.34 23.73 26.47 24.64 19.17 14.87 12.62 11.85

2001 12.96 13.59 12.78 15.31 18.48 23.95 26.78 25.12 19.36 14.95 12.70 12.24

2002 13.28 14.07 12.89 15.52 18.62 24.17 27.09 25.60 19.55 15.03 12.78 12.63

2003 13.01 13.78 13.09 15.62 18.91 24.28 27.16 25.95 20.04 15.61 13.16 12.66

2004 12.74 13.48 13.29 15.71 19.21 24.39 27.23 26.29 20.53 16.19 13.54 12.69

2005 12.46 13.19 13.49 15.81 19.50 24.49 27.31 26.63 21.03 16.76 13.92 12.72

2006 12.19 12.89 13.68 15.90 19.80 24.60 27.38 26.97 21.52 17.34 14.29 12.76

2007 11.92 12.60 13.88 16.00 20.09 24.71 27.46 27.31 22.01 17.92 14.67 12.79

2008 13.65 13.51 14.08 15.53 18.51 26.08 28.30 26.69 20.87 16.99 14.32 13.48

2009 12.35 11.60 12.06 14.14 16.81 22.42 26.03 24.19 19.51 14.49 11.07 10.55

2010 10.58 10.20 11.18 13.52 16.96 22.77 24.98 23.04 18.58 13.33 11.31 9.87

2011 9.66 10.25 10.96 12.56 16.26 22.19 24.70 21.89 17.18 13.49 11.00 9.94

2012 9.61 10.03 10.88 13.11 16.52 21.85 25.16 22.56 17.79 13.43 11.01 10.14

DATA TRANSMITTED ON: 6/24/14
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Appendix B - Water Use by Reservoir Basin

SUBBASIN LAKE TILLERY

RETURNS (CFS)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1997 0.82 0.99 0.83 0.89 0.69 0.34 0.75 0.24 0.39 0.48 0.80 0.97

1998 0.84 0.93 0.83 0.82 0.63 0.33 0.66 0.27 0.40 0.56 0.86 1.05

1999 0.86 0.86 0.84 0.75 0.58 0.33 0.57 0.30 0.40 0.64 0.91 1.13

2000 0.88 0.80 0.84 0.68 0.52 0.32 0.48 0.33 0.41 0.72 0.96 1.21

2001 0.90 0.74 0.84 0.61 0.47 0.31 0.39 0.36 0.42 0.80 1.01 1.29

2002 0.92 0.68 0.85 0.54 0.41 0.31 0.30 0.39 0.42 0.88 1.07 1.37

2003 0.75 1.24 1.68 1.41 1.39 1.28 0.94 1.29 0.61 0.38 0.36 0.34

2004 0.35 0.96 0.69 0.42 0.55 0.44 0.39 0.51 1.01 0.53 0.59 0.60

2005 0.65 0.77 1.25 0.98 0.48 0.62 0.69 0.66 0.40 0.49 0.38 0.98

2006 0.61 0.30 0.38 0.65 0.48 0.68 0.52 0.57 0.75 0.55 1.39 0.94

2007 1.20 0.85 0.73 0.42 0.21 0.26 0.19 0.15 0.15 0.18 0.17 0.41

2008 0.49 0.53 0.76 0.77 0.31 0.20 0.14 0.18 0.32 0.22 0.25 0.75

2009 0.44 0.36 1.11 0.38 0.33 0.28 0.22 0.18 0.18 0.21 0.96 1.17

2010 1.13 1.27 0.74 0.32 0.35 0.39 0.15 0.35 0.28 0.19 0.19 0.29

2011 0.37 0.51 0.66 0.39 0.32 0.39 0.44 0.42 0.34 0.51 0.62 0.61

2012 0.68 0.61 0.60 0.34 0.34 0.25 0.29 0.41 0.42 0.37 0.27 0.32
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Appendix B - Water Use by Reservoir Basin

SUBBASIN BLEWETT FALLS LAKE

WITHDRAWALS (CFS)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1997 56.12 55.93 55.05 64.31 78.65 98.18 109.14 100.64 82.22 65.31 55.01 47.87

1998 55.23 54.77 54.54 64.68 78.83 99.40 109.55 100.91 81.75 65.44 55.25 48.21

1999 54.33 53.60 54.03 65.04 79.00 100.63 109.95 101.18 81.28 65.57 55.48 48.55

2000 54.15 53.04 54.40 65.95 79.72 103.75 112.43 104.31 82.49 66.81 56.36 49.76

2001 53.25 51.87 53.89 66.31 79.90 104.98 112.84 104.59 82.02 66.94 56.60 50.10

2002 52.36 50.71 53.38 66.67 80.07 106.20 113.24 104.86 81.55 67.07 56.84 50.44

2003 53.19 51.87 55.11 67.91 81.84 106.99 114.83 107.55 84.31 68.99 57.91 51.44

2004 54.03 53.02 56.83 69.15 83.60 107.78 116.43 110.24 87.06 70.91 58.99 52.43

2005 54.86 54.18 58.56 70.39 85.37 108.57 118.15 112.37 89.74 72.10 59.48 53.53

2006 54.99 54.81 60.42 71.35 87.30 108.70 119.77 115.55 91.91 74.33 60.98 54.17

2007 56.66 57.23 62.05 73.70 89.27 110.33 121.16 118.36 95.94 75.79 61.71 55.13

2008 58.73 57.11 61.16 62.71 76.68 101.96 110.58 103.71 81.98 66.44 54.69 47.75

2009 54.54 53.12 58.01 64.79 77.95 101.66 114.11 103.73 86.24 73.61 62.87 53.43

2010 51.33 52.74 53.07 63.04 76.98 99.16 109.71 99.10 84.66 67.02 59.30 47.49

2011 53.19 54.23 58.62 65.73 83.22 108.98 119.91 109.54 88.98 73.54 62.79 58.17

2012 54.74 53.69 56.77 66.64 81.12 103.08 115.35 105.34 84.71 68.29 58.11 51.26

DATA TRANSMITTED ON: 6/24/14
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Appendix B - Water Use by Reservoir Basin

SUBBASIN BLEWETT FALLS LAKE

RETURNS (CFS)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1997 75.41 81.88 78.41 78.89 69.61 65.09 73.45 67.14 69.39 70.13 72.38 75.67

1998 75.66 80.30 77.88 76.70 68.40 64.27 70.96 66.15 68.36 70.58 73.84 76.30

1999 75.92 78.72 77.36 74.51 67.19 63.44 68.48 65.15 67.33 71.03 75.30 76.94

2000 76.17 77.14 76.84 72.33 65.99 62.62 65.99 64.15 66.30 71.48 76.77 77.57

2001 76.43 75.56 76.32 70.14 64.78 61.80 63.51 63.16 65.27 71.93 78.23 78.21

2002 76.68 73.98 75.79 67.95 63.57 60.97 61.02 62.16 64.24 72.39 79.69 78.85

2003 67.11 90.03 105.46 109.94 99.64 95.91 81.72 80.64 65.40 61.48 60.92 68.61

2004 62.24 92.43 75.74 69.73 63.17 66.71 64.89 67.22 86.49 68.00 68.54 69.97

2005 69.85 76.77 87.44 80.86 64.38 72.84 70.94 70.22 60.57 66.07 63.97 82.35

2006 76.19 69.40 68.07 65.91 63.79 70.55 62.05 70.26 73.46 69.71 85.97 72.44

2007 86.51 80.51 81.99 76.09 66.32 68.15 64.55 65.10 64.17 64.64 60.45 63.99

2008 64.23 69.06 74.24 74.07 63.15 56.29 57.29 67.84 66.40 60.28 59.46 75.44

2009 68.12 64.21 88.72 69.98 64.48 62.86 61.11 59.79 59.30 59.41 74.84 84.03

2010 83.61 91.48 77.04 63.89 64.30 67.68 61.56 63.46 60.07 57.36 54.66 58.54

2011 59.68 66.69 74.23 70.03 66.75 63.36 60.21 61.50 63.87 64.23 67.74 69.27

2012 75.33 70.78 68.62 62.03 64.88 60.24 60.02 65.88 65.01 61.05 57.12 60.83

UCYR_WSS_CHEOPS_Data_1997_2012_20140624.xlsx B - 14 6/26/2014
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 T e c h n i c a l  M e m o r a n d u m  

PROJECT: Union County Yadkin River Water Supply Project – Permitting and Preliminary 

Engineering 

DATE: October 23, 2014 

SUBJECT: Water Supply Projections for Water Supply Modeling – Basis and Results 

  

BACKGROUND 
As part of the comprehensive evaluation for securing a reliable water supply to serve customers in its 

Yadkin River Basin service area, the Union County Public Works Department (UCPW) has authorized 

HDR to provide Permitting and Preliminary Engineering assistance for the County’s Yadkin River Water 

Supply Project (YRWSP).  One of the tasks is to provide technical evaluations to support these permitting 

efforts.  As part of these evaluations, HDR will develop a water supply model for a portion of the Yadkin 

River Basin (Basin).  This modeling effort requires net withdrawal (withdrawals minus returns) projections 

for water use within each watershed of the Basin.  Those using the Yadkin River Basin for water supply 

purposes can generally be grouped into the following major categories: 

� Public Water Supplies and Wastewater Utilities – Municipal and other utility agencies with 

systems that withdraw and treat water for public consumption and residential, commercial, and 

industrial use, as well as those systems that treat wastewater and return it to a surface water 

source.  

� Direct Industrial – These industrial users have direct withdrawals and/or returns from surface 

water sources and utilize water in their manufacturing processes. 

� Thermal-Electric Power – The thermal-electric power facilities within the Basin that use water for 

cooling and other energy production needs. 

� Agricultural and Irrigation – Agricultural and irrigation (A&I) users include farms, golf courses, 

and other facilities that use water for livestock production, irrigation, and other purposes. 

For the purposes of the water quantity model, the Basin was delineated into seven incremental 

watersheds.  Additionally, an eighth watershed, from below Blewett Falls Lake to the North Carolina – 

South Carolina state line, is being evaluated for water use outside of the water quantity model through a 

post-processing routine. These watersheds are listed below from the most upstream reservoir to the most 

downstream reservoir in the Yadkin Basin. 

� W. Kerr Scott Reservoir 

� High Rock Lake 

� Tuckertown Reservoir 

� Narrows Reservoir (Badin Lake) 
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� Falls Reservoir 

� Lake Tillery 

� Blewett Falls Lake 

� Downstream of Blewett Falls Lake to NC-SC state line (evaluated through post-processing 

routine) 

The boundaries of the Basin and watershed locations being used in the modeling effort are provided in 

Figure 1.  As can be seen from the map, only a very small portion of the Basin being modeled is located 

within South Carolina.  The area of the Basin within South Carolina was examined through aerial mapping 

sources and there appears to be no major water users in that area.  Additionally, the United States 

Environmental Protection Agency’s (USEPA) National Pollutant Discharge Elimination System (NPDES) 

website was evaluated for the portion of Chesterfield County within the Basin, and there are no 

discharges in that area.  The South Carolina Department of Health and Environmental Controls 

(SCDHEC) was also contacted to determine if any withdrawals or returns exist in that portion of the state, 

and concurred that there are none.  Based on this evaluation, South Carolina was not included in the 

evaluation of water uses for modeling purposes, with the exception of the A&I category, as described 

below.   

As shown in Figure 1, there is a model subbasin within North Carolina (“Downstream of Blewett Falls 

Lake”) that appears to lie outside the Yadkin River Basin. However, Figure 2 shows how this subbasin 

area is in fact included in the Yadkin River Basin, as part of the Lower Pee Dee River Basin, according to 

the subbasin delineations published by the North Carolina Department of Natural Resources (NCDENR) 

Division of Water Resources (NCDWR). This sub-basin is below the Federal Energy Regulatory 

Commission (FERC) regulated reservoirs and thus was considered in the modeling effort through a post-

processing routine.   

Also shown on Figure 1 is a small portion of the Basin is within the Commonwealth of Virginia.  The area 

shown is rural, and no major water users have been identified within this area; therefore, Virginia was not 

included in the evaluation of water use, except for the A&I category.   

This document summarizes the entities being evaluated, the sources for historical data, the methodology 

for developing water supply projections to determine net withdrawals for each watershed in the CHEOPS 

water quantity model for the Basin, and the results of the water supply projections.   

PROJECTION METHODOLOGY 
The proceeding sections describe how historical data was gathered and projections developed for each of 

the four water user categories.  In compiling the list of current users, the focus was on those users that 

currently withdraw or return from a surface water source an average annual daily rate of 100,000 gpd or 

more from the Basin.  While numerous users may withdraw or return water at rates less than 100,000 

gpd, their impact on net withdrawal from the watersheds of each reservoir was considered insignificant for 

the long-term water quantity modeling effort.  Also, the net withdrawal produced by these users would be 

very small relative to the overall net withdrawal resulting from the users documented in the projections. 

 

For the North Carolina users, several databases were provided by the North Carolina Department of 

Natural Resources (NCDENR) Division of Water Resources (NCDWR).  The databases included 

information from the Local Water Supply Plans (1997 to 2012), Water Withdrawal and Transfer 
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Registrations (1999 to 2012), and NPDES discharge data (1997 to 2014). This data was used to 

determine the appropriate entities to include in the evaluation, intake and discharge locations, and to 

obtain monthly historical water use data. 

The historical water use data in the NDDWR databases was not used directly as a model input. Rather, 

the historical databases were aggregated into one Excel reference file, which was used to compile the 

model input values for both historical and projected flows. For historical flows, gaps in the data (missing 

months) were filled in by interpolating between known data points. For projection values, the average 

value from 2010 to 2012 in a given month was used as the basis (“Base Year”) for making projections. 

Water withdrawal and returns were projected to the year 2060. 

In the databases received by NCDWR, the data is separated by subbasin.  However, these subbasin 

divisions are different than those watersheds being used for the water quantity model.  Figure 2 shows 

the modeling watersheds with the NCDWR subbasins overlaid for reference.  Figure 3 shows all of the 

water users being considered in this evaluation, with the modeling watersheds and County boundaries 

shown for reference.  The entity list with the name of the facilities is also shown on Figure 3. 

  



Santee

Upper Pee Dee (Yadkin)

Lower Pee Dee

RoanokeKanawha

Cape Fear

Santee

Overall Basin Map with Modeling Subbasins
Figure 1

Union County | Yadkin River Water Supply Project - Permitting and Preliminary Engineering | Basis of Water Supply Projection
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Modeling Subbasins with NCDWR Subbasins Overlaid
Figure 2

Union County | Yadkin River Water Supply Project - Permitting and Preliminary Engineering | Basis of Water Supply Projection
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Water-Using Entities Considered in the Current Study
Figure 3

Union County | Yadkin River Water Supply Project - Permitting and Preliminary Engineering | Basis of Water Supply Projection
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Legend
Water-Using Facilities
!( Water-Withdrawing Facilities
!( Water-Returning Facilities

Subbasins
W. Kerr Scott Reservoir
High Rock Lake
Tuckertown Reservoir
Narrows Reservoir (Badin Lake)
Falls Reservoir
Lake Tillery
Blewett Falls Lake
Downstream of Blewett Falls Lake

.
ID No. Entity Facility ID No. Entity Facility ID No. Entity Facility ID No. Entity Facility

01 Allegheny Technologies, Inc ATI Allvac Monroe Plant 23a City of Statesville City of Statesville WTP (S. Yadkin River) 45 PPG Ind. Fiber Glass Products PPG Industries Fiber Glass Products 73a Tow n of Yadkinville Yadkinville WTP
02 Aluminum Company Of America Badin Works 23b City of Statesville Fourth Creek WWTP 46a/b Performance Fibers, Inc Salisbury Facility 73b Tow n of Yadkinville Yadkinville WWTP

03a-e Anson County Anson County Filtration Plant 23c City of Statesville Third Creek WWTP 52 Stanly County West Stanly WWTP 74a True Textiles, Inc True Elkin, Inc.
04 Aqua North Carolina, Inc Country Wood WWTP 24a City of Thomasville City of Thomasville WTP 55 Teledyne Allvac Monroe Plant 74b True Textiles, Inc 304 East Main Street Plant
05b Asheboro W. L. Brow n Jr WTP (Lake Lucas) 24b City of Thomasville Hamby Creek WWTP 56 The Fork, LLC The Fork, LLC 75 Tyson Foods, Inc Harmony Plant
05c Asheboro W. L. Brow n Jr WTP (Lake Reese) 25a City of Winston-Salem Archie Elledge WWTP 58 Tow n of Bermuda Run Bermuda Run WWTP 76a Union County Public Works Crooked Creek WWTP #2

08a/b Blue Ridge Tissue Corp Patterson Mill 25b City of Winston-Salem Muddy Creek WWTP 59 Tow n of Biscoe Biscoe WWTP 76b Union County Public Works Hunley Creek WWTP
09 Bradfield Farms Water Company Bradfield Farms WWTP 25c/e City of Winston-Salem P. W. Sw ann WTP 60 Tow n of Boonville Boonville WWTP 76c Union County Public Works Grassy Branch WWTP
11 Carolina Water Service Inc of NC Hemby Acres WWTP 25d City of Winston-Salem R. A. Thomas WTP 61a Tow n of Denton Denton WP 76d Union County Public Works Tallw ood Estates WWTP
13 CMUD Mallard Creek WWTP 25f City of Winston-Salem R.W. Neilson WTP 61b Tow n of Denton Denton WWTP 77a WSA of Cabarrus County Mt. Pleasant WTF
14a City of Albemarle Long Creek WWTP 27a Davidson Water Inc C. O. Pickle WP 62 Tow n of Dobson Dobson WWTP 77c WSA of Cabarrus County Rocky River WWTP (WSACC)

14b/c City of Albemarle Tuckertow n WTP 27b Davidson Water Inc Davidson Water WTP 63 Tow n of Elkin Elkin Municipal WTP 78 Wayne Farms LLC Bruckie Ashburn Dobson Plant
14d City of Albemarle US 52 HWY WTP 28a Davie County Cooleemee WTP 64 Tow n of Jonesville Jonesville WP 81 Yadkin Valley Sew er Authority, Inc Yadkin Valley S.A. WWTP

15a/b City of Concord Coddle Creek WTP 28b/c Davie County Sparks Road WTP 65a Tow n of Mocksville Hugh A. Lagle WTP 83 Carolina Stalite Company Carolina Stalite Company
15d City of Concord Hillgrove WTP (Lake Fisher) 28d Davie County Cooleemee WWTP 65b Tow n of Mocksville Bear Creek WWTP 84 City of Charlotte Cabarrus Woods WWTP
16 City of High Point Westside WWTP 30a Duke Energy Carolinas, LLC Buck Steam Station 65c Tow n of Mocksville Dutchman Creek WWTP 85 Norfolk Southern Railw ay Company Linw ood Yard

17a/b/c City of Kannapolis City of Kannapolis WTP 30b Duke Energy Carolinas, LLC Buck Combined Cycle Station 66 Tow n of Mooresville Rocky River WWTP 86 Tow n of Cleveland Cleveland WWTP
18a/b City of King City of King WTP 30c Duke Energy Carolinas, LLC Smith Energy Complex 67 Tow n of Mount Gilead Mount Gilead WWTP 87 Energy United Water Energy United Water WTP
19a City of Lexington Lexington Regional WWTP 30d Duke Energy Carolinas, LLC Additional Combined Cycle Station #1 68a Tow n of North Wilkesboro North Wilkesboro WP 88/88b Richmond County Richmond County WTP
19b City of Lexington Lexington WTP #1 & 2 30e Duke Energy Carolinas, LLC Additional Combined Cycle Station #2 68b Tow n of North Wilkesboro Thurman Street WWTP 89 Wilkes County Wilkes County WTP (Future)
19c City of Lexington Lexington WTP (Lake Thom-A-Lex) 30f Duke Energy Carolinas, LLC Additional Nuclear Plant #1 69a Tow n of Norw ood Norw ood WTP 90a City of Rockingham Rockingham WWTP

20a/b City of Monroe John Glenn WTP 30g Duke Energy Carolinas, LLC Additional Nuclear Plant #2 69b Tow n of Norw ood Norw ood WWTP 90b/c City of Rockingham Rockingham WTP
20c/d City of Monroe Monroe WWTP 34 Greater Badin W&SD Badin WWTP 70a/b Tow n of Pilot Mountain Pilot Mountain WTP 91a City of Hamlet Hamlet WTP
21a City of Mount Airy F. G. Doggett WTP 35a/b/c Hedrick Industries Aquadale Quarry 70c Tow n of Pilot Mountain Pilot Mountain WWTP 91b City of Hamlet Hamlet WWTP
21b City of Mount Airy Mount Airy WWTP 40a Louisiana Pacif ic Corporation Lousiana Pacif ic Corporation 71 Tow n of Troy Troy WWTP 92 Burlington Industries LLC Richmond Plant
21c City of Mount Airy S. L. Spencer WTP 40b Louisiana Pacif ic Corporation LP Roaring River WWTP 72a Tow n of Wilkesboro Cub Creek WWTP 93 Tow n of Wadesboro Tow n of Wadesboro WTP
22a City of Salisbury Salisbury WTP 42 Montgomery County Montgomery County WTP 72b Tow n of Wilkesboro Wilkesboro WFP 94a/b/c B.V. Hedrick Gravel And Sand Co. Hedrick Mine (Pump House 1/2/3)
22b City of Salisbury Salisbury-Row an WWTP
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Public Water Supplies and Wastewater Utilities 
� Historical Data Source: Databases provided by NCDWR.  Monthly withdrawal and discharge data 

for each year from 2007-2012 were analyzed to determine annual averages.  Monthly coefficients 

based on the monthly average divided by the annual average were calculated using the historical 

data record of each entity for use in the water quantity model.   

� Projection Methodology 

o Projections for water withdrawals were based on the projected annual growth rate (AGR) 

of the County being served for the majority of the entities.  The projected AGR takes into 

account historical population data for the state from the 2010 Census and population 

projections prepared by the North Carolina State Office of Budget and Management.  For 

larger entities in the basin, the projections from the Local Water Supply Plans were used.  

This alternate methodology was chosen because growth was assumed to occur in the 

larger cities at a faster rate than the overall County AGR. Local Water Supply Plan 

projections were not used for all withdrawal entities because some entities’ projections 

appeared intuitively incorrect – either overly aggressive (i.e., growth rates far exceeding 

historic values) or overly conservative (i.e., negative growth rates). Using the Census 

AGR values (or if the Census AGR was low, a minimum AGR of 0.25%) for these entities 

provided a reasonable growth projection without giving undue weight to any one entity’s 

projections. The notes in each of the detailed entity sheets denote whether an AGR 

projection or a Local Water Supply Plan projection was used for that entity.  

o For water treatment plant backwash returns, the average historical backwash return as a 

percentage of water use from 2010 to 2012 was applied to the water withdrawal 

projections.   

o The wastewater treatment plant projections for returns were based on the projected 

annual growth rate for the County being served or the average historical return as a 

percentage of water use from 2010 to 2012 applied to the water withdrawal projections, 

depending on the methodology used for the withdrawal projections. 

Direct Industrial 
� Historical Data Source – Databases provided by NCDWR.  Monthly withdrawal and discharge 

data for each year from 2007-2012 were analyzed to determine annual averages.  Monthly 

coefficients based on the monthly average divided by the annual average were calculated using 

the historical data record of each entity for use in the water quantity model.   

� Projection Methodology – The projections for industrial withdrawals and returns were based on 

the specific industry and the gross state product (GSP) for that industrial sector.  Historical data 

from the Bureau of Economic Analysis from 1997-2012 was used to calculate a long term GSP 

growth percentage for the specific industry sector.  The overall GSP growth percentage for 

industry in North Carolina was also used as a reference.  If the industrial sector showed a 

negative GSP growth percentage, a zero percentage growth was assigned in the projections to 

be conservative.  An estimate for future industry was also added to the projections.  This 

assumed 0.5 MGD per year in the smaller basins (Tuckertown Reservoir, Badin Lake and Falls 

Reservoir), 1 MGD per year in the larger basins (High Rock Lake, Lake Tillery and Blewett Falls 

Lake) and no future industry in the W. Kerr Scott Reservoir basin.   
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Thermal Electric Power 
� The only thermal-electric power facility in the Basin that meets the criteria for water supply 

evaluation outlined in this document is Duke Energy’s Buck Combined Cycle facility.  Duke 

Energy provided historical use and projections for this facility.  The Smith Energy Complex (Duke 

Energy combined cycle facility) also receives water from the Yadkin basin through the Richmond 

County water system.  Historical data for the Smith Energy Complex was received from 

Richmond County and projections were provided by Duke Energy.  Future power facility 

projections were also provided by Duke Energy.  These included two potential future additional 

combined cycle stations, one in High Rock Lake and one in an upstream tributary of High Rock 

Lake, and two potential future nuclear plants, one in Blewett Falls Lake and one in Lake Tillery. 

Agricultural and Irrigation (A&I) 
� Historical Data Source: Data were obtained from the U.S. Geological Survey (USGS) in five-year 

increments for North Carolina, South Carolina and Virginia, on a per-county basis (USGS, 2014).  

The USGS data provided crop plus golf (combined) and livestock surface water withdrawals 

between 1990 and 2000. In 2005, water usage data were further disaggregated into separate 

crop, livestock, and golf course surface water withdrawal categories.  

� Projection Methodology: A&I users required a multi-step process to project usage within the 

Basin.  Data on specific agricultural and irrigation withdrawals are limited.  Therefore, the 

following approach was used to forecast A&I usage.  It should be noted that the A&I forecasts 

incorporate four main assumptions. 

o A&I water withdrawals are completely consumptive (i.e., no surface returns).  The majority of 

A&I water used for irrigation and livestock is consumed and is not returned to the Basin. 

o A&I water withdrawals for a given county are consumed uniformly over that county’s land 

area. In the absence of more detailed land use data, A&I water use is assumed to be 

distributed equally throughout the county. 

o The percentage of a county’s land area within a particular reservoir’s watershed is 

commensurate with the percentage of that county’s total A&I water withdrawal taken from that 

watershed.  For example, if 25 percent of a county’s land area resides within a particular 

watershed, it was assumed 25 percent of that county’s A&I water demand is satisfied by the 

reservoir associated with that watershed. In the absence of more detailed land use data and 

changing land use in the Basin, this approach was used. 

o Private irrigation by individual residential properties directly from Project reservoirs is 

considered to represent a negligible impact on the net withdrawals from the Project 

reservoirs.  While there may be numerous residential irrigation users, their average daily 

withdrawals are relatively small relative to other user types in this evaluation.  Additionally, 

because these properties are adjacent, or nearly adjacent, to the reservoirs, much of the 

water withdrawn is likely transferred into the groundwater and feeds back into the reservoirs. 

 

Projections were completed for each watershed within the Basin.  For example, A&I usage was 

calculated for Lake Tillery separately from Blewett Falls Lake. A GIS database was developed to 

determine the percentage of each county that lies in each watershed within the Basin. 
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The water withdrawal trends for A&I were evaluated from 1990 through 2005.  The A&I water use 

reported in the USGS database varies considerably between reporting years, and no definitive 

trend in water use (increase or decrease) exists. Therefore, the use of an AGR for water use 

projections is not relevant for the A&I category. Instead, to forecast A&I water withdrawals for 

each county, the greatest water withdrawal from the 1990, 1995, 2000, and 2005 USGS datasets 

was selected as the county water use for all future A&I consumption, by category. For each 

category (golf, crop, and livestock), these values were multiplied by the percentage of each 

county that lies within each reservoir’s watershed. This value serves as the basis for A&I water 

use projections for each watershed, and is the same value for each projection decade (i.e., no 

increase or decrease in A&I water use over the Study Period). 

 

A monthly coefficient was established for the A&I water withdrawals to account for irrigation use 

trends during the irrigation season of each year.  North Carolina Agricultural Use Data from 2009-

2011 was used from the North Carolina Department of Agriculture and Consumer Services.  Data 

for irrigation and livestock withdrawals, not including aquaculture, was used.  The monthly 

coefficient was developed by taking the 2009-2011 average monthly withdrawals divided by the 

total average yearly withdrawals for those years.   

 

RESULTS 
The following summarizes the withdrawals, returns and net withdrawal projections for the Yadkin-Pee 

Dee River Basin using the methodology described above.  The first set of results is summarized based on 

each of the major user categories for the entire basin.  Figure 4 shows the projections for the Public 

Water Supplies and Wastewater Utilities.  As this figure shows, the withdrawals and returns grow at a 

similar rate to 2060, resulting in the net withdrawal remaining fairly constant through the projection period.  

One of the reasons for this is there are several entities that withdraw water from outside of the basin, but 

return it within the basin.  Also, for those entities that the wastewater returns were projected based on the 

average return as a percentage of water use, the percentages were fairly high, with many exceeding 

90%.  This could be indicative of systems with high inflow and infiltration in the collection system. 

 

 
Figure 4 
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Figure 5 provides the projections for the Direct Industrial category.  All but one of the existing industries 

had a negative GSP for the industrial sector.  Zero percent growth was used for these industries, as 

shown by the constant projections.  The future industrial flows were added in 2020, thus the increase to 

industrial flows shown at that time. The irregular shape of the historical data in years 2007 to 2012 is 

driven by the Hedrick Mine in the Downstream of Blewett Falls Lake subbasin; Hedrick’s flows fluctuated 

greatly during that time period.  

 

 
Figure 5 

 

Figure 6 shows the projections for the Power category.  All power use is shown as a net withdrawal.  

These projections include an additional combined cycle plant in the time frame of 2020 to 2049 and an 

additional combined cycle plant and two nuclear plants in 2050.   

 

 
Figure 6 
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Figure 7 shows the results of the Agricultural and Irrigation (A&I) projections.  All A&I use was considered 

a net withdrawal.  The AI& projections were developed based on a constant net withdrawal over the 

projection period using the greatest withdrawal data from the USGS data as the basis. 

 

 
Figure 7 
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Figure 8 provides the withdrawals, returns and net withdrawals for all categories by subbasin for the Base 

Year, which is the average of 2010 to 2012.   

 

 
Figure 8 
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Figure 9 provides the withdrawals, returns and net withdrawals for all categories by subbasin in 2060.   

 

 
Figure 9 
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SUMMARY 
The projected net withdrawals depicted in Figure 8 and Figure 9, above, are driven by a series of 

circumstances and assumptions captured in the model. One circumstance is the high rate of return 

exhibited by public water and wastewater utilities - many entities return more than 90% of the water that 

they withdraw. This value is higher than typical, but can be partially explained by high inflow and 

infiltration (I&I) in the wastewater collection systems. Additionally, there is significant inter-basin transfer 

(IBT) occurring from the Catawba River Basin to the Yadkin River Basin. This inflates the return flow 

values and creates the appearance of higher-than-actual rates of return for some public utilities. Finally, 

the rural nature of the Yadkin River Basin means there are few large municipalities or industries to 

withdraw water for consumptive use (e.g. lawn irrigation); this reduces the net withdrawals compared to 

more highly-developed basins in the state. 

One factor that drives the projections toward higher consumptive use is the increase in projected 

withdrawals for power facilities beginning in the base year and increasing step-wise through 2060 as new 

facilities come online. Power utilities within the region project the need for these new facilities to meet 

increasing base load power demands throughout their service areas as future population increases. 

These power facility flows represent a large fraction of the projected withdrawals in 2060 for the Lake 

Tillery and Blewett Falls Lake basins, and a smaller but still significant fraction of the 2060 High Rock 

Lake basin withdrawals. 
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Legend/Acronym List

Code Name Description Master Code

Part 1 of Entity ID:

State/Area

N North Carolina Code used for entities within the state of North Carolina N

S South Carolina Code used for entities within the state of South Carolina S

Part 2 of Entity ID: 

Water Supply

W Withdrawal Code for an entity's facility that withdraws water  W

R Return Code for an entity's facility that discharges water R

N Net Withdrawal Net Outflow is the difference between withdrawals and discharges. N

Part 3 of Entity ID: 

Subbasins

W W. KERR SCOTT RESERVOIR W. Kerr Scott Reservoir Subbasin W

H HIGH ROCK LAKE High Rock Lake Subbasin H

T TUCKERTOWN RESERVOIR Tuckertown Reservoir Subbasin T

N NARROWS RESERVOIR (BADIN LAKE) Narrows Reservoir (Badin Lake) Subbasin N

F FALLS RESERVOIR Falls Reservoir Subbasin F

L LAKE TILLERY Lake Tillery Subbasin L

B BLEWETT FALLS LAKE Blewett Falls Lake Subbasin B

D DOWNSTREAM OF BLEWETT FALLS LAKE (NC) Downstream of Blewett Falls Lake Subbasin (NC) D

Part 4 of Entity ID:

Unique ID Number

# Unique number for each entity; letters after the number designate different facilities within that entity. #

Category

PW/WU Public Water/Wastewater Utilities City utilities withdrawing or discharging water PW/WU

PW/WU (D) Public Water/Wastewater Utilities ‐ Domestic For‐profit utilities withdrawing or discharging water PW/WU

TEP Power Entities/Facilities producing Thermo‐Electric Power TEP

TEP‐F Power ‐ New Future Power Entities/Facilities projected to produce Thermo‐Electric Power in the 

future

TEP

IND Industrial Industrial facilities that direct withdrawing and/or discharging water IND

IND‐F Industrial ‐ New Future Industry Industrial facilities projected to make direct withdrawals and/or 

discharges in the future

IND

A/I Agricultural/Irrigation Entity specific agricultural or irrigation A/I

A/I (CL) Agricultural/Irrigation (Crop & Livestock) County‐wide "crop" and "livestock" A/I

A/I (CGL) Agricultural/Irrigation (Crop, Golf, & Livestock) County‐wide "crop", "golf",  and "livestock" A/I

A/I (LS) Agricultural/Irrigation (Residential Lakeside) Residential Lakeside Irrigation (Increase from Base) A/I

A/I‐F Agricultural/Irrigation ‐ New Future Future crop, livestock, and golf course A/I

Entity IDs are composed of four parts and then assigned to specific "Category":
Part 1 ‐ State Code
Part 2 ‐Water Supply Code
Part 3 ‐ Subbasin Code
Part 4 ‐ Unique ID Number
Category ‐ Type of Entity

Example: "NWT‐14b" is the Tuckertown WTP. This entity's facility is a North Carolina (Part 1="N") Withdrawal (Part 2="W") in the Tuckertown 
Reservoir subbasin (Part 3="T") assigned a Unique ID Number of "14b" (Part 4="14b"). It has a Category of "Public Water/Wastewater Utilities" 
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Base Year 2060

Industrial

Withdrawals 2010‐2012 Average 10.0 15.5 0.92
Returns 2010‐2012 Average 4.2 4.3 0.06
Net Withdrawals 2010‐2012 Average 5.8 11.2 1.37

Public Water/ Wastewater

Withdrawals 2010‐2012 Average 133.4 205.0 0.90
Returns 2010‐2012 Average 113.1 189.9 1.08
Net Withdrawals 2010‐2012 Average 20.2 15.0 ‐0.62

Agriculture/Irrigation

Withdrawals 2010‐2012 Average 43.2 43.2 0.00
Returns 2010‐2012 Average 0.0 0.0 n/a
Net Withdrawals 2010‐2012 Average 43.2 43.2 0.00

Subtotal (Excluding Power)‐ Net Withdrawals 2010‐2012 Average 69.2 69.4 0.01
Public Water Supply/Wastewater and Industrial 26.1 26.3

Power

Net Withdrawals 2010‐2012 Average 4.4 77.8 6.15
Returns 2010‐2012 Average 0.0 0.0 n/a
Net Withdrawals 2010‐2012 Average 4.4 77.8 6.15

Total Basin‐ Net Withdrawals 2010‐2012 Average 73.7 147.2 1.45

Yadkin River Water Supply Study 

Net Withdrawal Projection and Comparison with Historical and Forecasted Populations

(Baseline)

Flow

Water User Category Base Year AGR
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Population Projections Years Start Year End Year AGR

United States 2010‐2030 308,745,538 369,662,000 0.90

2030‐2050 369,662,000 420,268,000 0.64

2040‐2050 389,934,000 420,268,000 0.75

2010‐2050 308,745,538 420,268,000 0.77

South Carolina1, 3 2010‐2035 4,625,364 5,722,720 0.86

    Yadkin River Basin 2010‐2035 75,667 74,220 ‐0.08

Chesterfield 2010‐2035 46,734 49,140 0.20

Marlboro 2010‐2035 28,933 25,080 ‐0.57

Virginia4 2010‐2040 8,001,024 10,530,228 0.69

    Yadkin River Basin 2010‐2040 64,065 64,609 0.02

Carroll 2010‐2040 30,042 31,187 0.09

Grayson 2010‐2040 15,533 14,520 ‐0.17

Patrick 2010‐2040 18,490 18,902 0.06

North Carolina2, 3 2010‐2030 9,535,483 11,576,088 0.97

    Yadkin River Basin 2010‐2030 3,418,431 4,219,846 1.06

Alexander 2010‐2030 37,198 37,276 0.01

Alleghany 2010‐2030 11,155 11,137 ‐0.01

Anson 2010‐2030 26,948 26,425 ‐0.10

Ashe 2010‐2030 27,281 27,649 0.07

Cabarrus 2010‐2030 178,011 237,929 1.46

Caldwell 2010‐2030 83,029 81,667 ‐0.08

Davidson 2010‐2031 162,878 169,749 0.21

Davie 2010‐2030 41,240 43,626 0.28

Forsyth 2010‐2030 350,670 393,805 0.58

Guilford 2010‐2030 488,406 601,279 1.04

Iredell 2010‐2030 159,437 199,982 1.14

Mecklenburg 2010‐2030 919,628 1,360,364 1.98

Montgomery 2010‐2030 27,798 27,489 ‐0.06

Randolph 2010‐2030 141,752 143,669 0.07

Richmond 2010‐2030 46,639 45,593 ‐0.11

Rowan 2010‐2030 138,428 146,442 0.28

Scotland 2010‐2030 36,157 33,904 ‐0.32

Stanly 2010‐2030 60,585 64,565 0.32

Stokes 2010‐2030 47,401 43,614 ‐0.42

Surry 2010‐2030 73,673 73,367 ‐0.02

Union 2010‐2030 201,292 285,500 1.76

Watauga 2010‐2030 51,079 57,214 0.57

Wilkes 2010‐2030 69,340 70,511 0.08

Yadkin 2010‐2030 38,406 37,090 ‐0.17
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Historical Data Years Start Year End Year AGR

US Population History3 1970‐2010 203,302,031 308,745,538 1.05

South Carolina Historical Population3 1970‐2010 2,590,516 4,625,364 1.46

    Yadkin River Basin 1970‐2010 60,818 75,667 0.55

Chesterfield 1970‐2010 33,667 46,734 0.82

Marlboro 1970‐2010 27,151 28,933 0.16

Virginia Historical Population4 1970‐2010 4,648,494 8,001,024 1.37

    Yadkin River Basin 1970‐2010 53,813 64,065 0.44

Carroll 1970‐2010 23,092 30,042 0.66

Grayson 1970‐2010 15,439 15,533 0.02

Patrick 1970‐2010 15,282 18,490 0.48

North Carolina Historical Population3 1970‐2010 5,082,059 9,535,483 1.59

    Yadkin River Basin 1970‐2010 1,768,998 3,418,431 1.66

Alexander 1970‐2010 19,466 37,198 1.63

Alleghany 1970‐2010 8,134 11,155 0.79

Anson 1970‐2010 23,488 26,948 0.34

Ashe 1970‐2010 19,571 27,281 0.83

Cabarrus 1970‐2010 74,629 178,011 2.20

Caldwell 1970‐2010 56,699 83,029 0.96

Davidson 1970‐2010 95,627 162,878 1.34

Davie 1970‐2010 18,855 41,240 1.98

Forsyth 1970‐2010 214,348 350,670 1.24

Guilford 1970‐2010 288,590 488,406 1.32

Iredell 1970‐2010 72,197 159,437 2.00

Mecklenburg 1970‐2010 354,656 919,628 2.41

Montgomery 1970‐2010 19,267 27,798 0.92

Randolph 1970‐2010 76,358 141,752 1.56

Richmond 1970‐2010 39,889 46,639 0.39

Rowan 1970‐2010 90,035 138,428 1.08

Scotland 1970‐2011 26,929 36,157 0.74

Stanly 1970‐2012 42,822 60,585 0.87

Stokes 1970‐2013 23,782 47,401 1.74

Surry 1970‐2014 51,415 73,673 0.90

Union 1970‐2015 54,714 201,292 3.31

Watauga 1970‐2016 23,404 51,079 1.97

Wilkes 1970‐2017 49,524 69,340 0.84

Yadkin 1970‐2010 24,599 38,406 1.12

Sources

4.  Virginia data retrieved online on June 26, 2014 (http://usatoday30.usatoday.com/news/nation/census/profile/VA)
3.  U.S. Census Bereau
2. North Carolina State Office of Budget and Management
1. South Carolina Office of Research and Statistics Health & Demographics webpage
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Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Baseline)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR

Withdrawals
WWAI‐1 Agriculture/Irrigation‐‐‐‐W. Kerr Scott Reservoir A/I (CGL) n/a 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
NWW‐08a Blue Ridge Tissue Corp‐‐‐‐Patterson Mill IND In‐take Pump ND ND ND 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NWW‐00 New Future Industry‐‐‐‐W. Kerr Scott Reservoir IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NWH‐89 Wilkes County‐‐‐‐Wilkes County WTP (Future) PW/WU n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.8 7.0 7.2 7.4 7.5

Withdrawal Subtotal 2.5 2.5 2.5 2.6 2.6 2.7 2.7 2.7 2.7 2.7 9.5 9.7 9.9 10.1 10.3

Returns
NRW‐08b Blue Ridge Tissue Corp‐‐‐‐Patterson Mill (return) IND Subbasin 03‐07‐01 0.1 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Return Subtotal 0.1 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

W. KERR SCOTT RESERVOIR TOTAL NET WITHDRAWALS 2.4 2.3 2.3 2.5 2.5 2.5 2.5 2.5 2.5 2.5 9.3 9.5 9.7 9.9 10.0



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Baseline)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

HIGH ROCK LAKE

Withdrawals
HWAI‐2 Agriculture/Irrigation‐‐‐‐High Rock Lake A/I (CGL) n/a 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6
NWH‐40a Louisiana Pacific Corporation‐‐‐‐Lousiana Pacific Corporation IND Yadkin River ND ND 1.4 1.5 1.2 2.1 2.4 2.1 2.2 2.2 2.2 2.2 2.2 2.2 2.2
NWH‐46b Performance Fibers, Inc‐‐‐‐Salisbury Facility IND Second Creek ND ND ND 0.7 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NWH‐74a True Textiles, Inc‐‐‐‐True Elkin, Inc. IND Big Elkin Creek ND ND 1.0 0.8 0.4 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NWH‐00 New Future Industry‐‐‐‐High Rock Lake IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0
NWH‐18a City of King‐‐‐‐City of King WTP PW/WU Yadkin River 1.6 1.7 2.3 1.9 1.7 1.7 1.6 1.7 1.7 1.7 1.7 1.7 1.8 1.8 1.9

NWH‐19c City of Lexington‐‐‐‐Lexington WTP (Lake Thom‐A‐Lex Intake) PW/WU
Abbotts Creek (Reservoir: Lake 
Thom‐A‐Lex)

3.9 3.3 3.2 2.9 2.7 2.7 2.8 2.6 2.7 2.8 3.0 3.1 3.2 3.4 3.5

NWH‐21a City of Mount Airy‐‐‐‐F. G. Doggett WTP PW/WU Stewarts Creek 3.9 2.6 2.2 1.6 1.6 1.7 1.8 2.6 2.0 2.0 2.0 2.1 2.2 2.2 2.3
NWH‐21c City of Mount Airy‐‐‐‐S. L. Spencer WTP PW/WU Lovills Creek 1.1 0.8 0.6 0.5 0.5 0.5 0.5 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.7
NWH‐22a City of Salisbury‐‐‐‐Salisbury WTP PW/WU Yadkin/South Yadkin 8.0 6.2 7.7 7.4 7.8 8.2 8.4 8.7 8.5 8.7 9.0 9.7 10.4 11.2 12.1
NWH‐23a City of Statesville‐‐‐‐City of Statesville WTP (S. Yadkin River intake) PW/WU South Yadkin River 5.2 3.9 4.1 3.4 3.1 3.3 3.2 3.1 3.2 3.9 5.0 5.4 5.8 6.3 6.8

NWH‐24a City of Thomasville‐‐‐‐City of Thomasville WTP PW/WU
Abbots Creek (Reservoir: Lake 
Thom‐A‐Lex)

3.2 2.6 3.0 ND 2.5 2.7 2.4 2.5 2.5 2.6 2.6 2.7 2.9 2.9 3.0

NWH‐25e City of Winston‐Salem‐‐‐‐P. W. Swann WTP PW/WU
Yadkin River @ Swann RWPS 
(Reservoir: W. Kerr Scott)

13.1 13.6 12.1 11.4 11.0 11.2 11.3 11.1 11.2 11.9 13.0 14.6 15.3 16.1 17.2

NWH‐25f City of Winston‐Salem‐‐‐‐R. W. Neilson WTP / R. A. Thomas WTP PW/WU
Yadkin River @ Idols RWPS 
(Reservoir: W. Kerr‐Scott)

31.5 32.7 29.0 27.4 26.4 26.8 27.1 26.7 26.9 28.5 31.3 35.1 36.6 38.7 41.3

NWH‐27a Davidson Water Inc‐‐‐‐C. O. Pickle WP PW/WU Yadkin River 9.2 10.1 11.8 11.3 10.8 11.3 10.2 9.9 10.5 10.6 10.7 11.0 11.2 11.5 11.8
NWH‐28a Davie County‐‐‐‐Cooleemee WTP PW/WU S. Yadkin 0.9 1.1 1.2 1.0 1.2 1.1 1.1 1.2 1.1 1.1 1.1 1.2 1.2 1.3 1.3
NWH‐28b Davie County‐‐‐‐Sparks Road WTP PW/WU Yadkin 1.2 1.6 1.7 1.4 1.6 1.5 1.6 1.6 1.6 1.6 1.6 1.7 1.7 1.8 1.8
NWH‐63 Town of Elkin‐‐‐‐Elkin Municipal WTP PW/WU Elkin Creek (Reservoir: Elkin) 1.4 1.1 0.9 0.9 0.8 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.8 0.8 0.8
NWH‐64 Town of Jonesville‐‐‐‐Jonesville WP PW/WU Yadkin River 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NWH‐65a Town of Mocksville‐‐‐‐Hugh A. Lagle WTP PW/WU Hunting Creek 0.8 0.8 0.9 ND ND 0.9 0.8 ND 0.9 0.9 0.9 0.9 0.9 1.0 1.0
NWH‐68a Town of North Wilkesboro‐‐‐‐North Wilkesboro WP PW/WU Reddies River 2.9 2.7 3.0 2.6 2.4 2.5 2.6 2.7 2.6 2.6 0.0 0.0 0.0 0.0 0.0
NWH‐70a Town of Pilot Mountain‐‐‐‐Pilot Mountain WTP PW/WU Toms Creek 0.9 0.4 0.3 0.2 0.2 0.2 0.3 0.3 0.2 0.3 0.3 0.3 0.3 0.3 0.3
NWH‐72b Town of Wilkesboro‐‐‐‐Wilkesboro WFP PW/WU Yadkin River 3.8 4.6 4.5 4.4 4.3 4.2 4.0 4.1 4.1 4.1 0.0 0.0 0.0 0.0 0.0

NWH‐73a Town of Yadkinville‐‐‐‐Yadkinville WTP PW/WU
South Deep Creek (Reservoir: 
Town of  Yadkinville)

1.0 0.9 0.9 0.9 0.7 0.9 0.9 0.8 0.8 0.8 0.9 0.9 0.9 0.9 0.9

NWH‐87 Energy United Water‐‐‐‐Energy United Water WTP PW/WU South Yadkin River 0.8 1.5 1.4 1.8 1.6 1.6 1.7 1.7 1.7 1.7 1.7 1.7 1.8 1.8 1.9
NNH‐30a Duke Energy Carolinas, LLC‐‐‐‐Buck Steam Station TEP Yadkin River/High Rock Lake 1.8 1.8 2.0 1.5 0.5 1.2 0.7 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NNH‐30b Duke Energy Carolinas, LLC‐‐‐‐Buck Combined Cycle Station TEP Yadkin River/High Rock Lake 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ND 0.3 2.5 2.5 2.5 2.5 2.5 2.5

NNH‐30d Duke Energy Carolinas, LLC‐‐‐‐Additional Combined Cycle Station #1 TEP
Yadkin River/High Rock Lake 
(upstream tributary)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 2.5 2.5 2.5 2.5

NNH‐30e Duke Energy Carolinas, LLC‐‐‐‐Additional Combined Cycle Station #2 TEP Yadkin River/High Rock Lake 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 2.5

Withdrawal Subtotal 120.1 118.1 119.3 109.5 107.4 111.8 110.5 109.4 110.4 116.2 118.7 126.0 130.3 137.8 143.8

Returns
NRH‐01 Allegheny Technologies, Inc‐‐‐‐ATI Allvac Monroe Plant IND Subbasin 03‐07‐14 0.2 0.1 0.1 0.2 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐40b Louisiana Pacific Corporation‐‐‐‐LP Roaring River WWTP IND Subbasin 03‐07‐01 0.9 0.9 1.2 1.4 1.3 1.4 1.2 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3

NRH‐45
P P G Industries Fiber Glass Products, Inc‐‐‐‐PPG Industries Fiber Glass 
Products

IND Subbasin 03‐07‐04 0.4 0.3 0.4 0.4 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

NRH‐46a Performance Fibers, Inc‐‐‐‐Salisbury Facility IND Subbasin 03‐07‐06 1.6 1.0 0.4 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NRH‐74b True Textiles, Inc‐‐‐‐304 East Main Street Plant IND Subbasin 03‐07‐02 1.6 0.7 0.9 0.5 0.3 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐75 Tyson Foods, Inc‐‐‐‐Harmony Plant IND Subbasin 03‐07‐06 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.3
NRH‐78 Wayne Farms LLC Bruckie Ashburn‐‐‐‐Dobson Plant IND Subbasin 03‐07‐02 0.5 0.6 0.4 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NRH‐85 Norfolk Southern Railway Company‐‐‐‐Linwood Yard IND Subbasin 03‐07‐04 0.1 0.1 0.2 0.2 0.2 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRH‐16 City of High Point‐‐‐‐Westside WWTP PW/WU Subbasin 03‐07‐07 3.4 4.0 3.7 3.6 3.6 3.5 4.1 2.8 3.5 3.6 3.7 4.1 4.5 4.9 5.3
NRH‐18b City of King‐‐‐‐City of King WTP PW/WU Subbasin 03‐07‐02 ND ND ND ND ND 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐19a City of Lexington‐‐‐‐Lexington Regional WWTP PW/WU Subbasin 03‐07‐07 3.5 3.1 2.5 2.3 3.0 3.2 2.9 2.6 2.9 3.0 3.2 3.3 3.4 3.6 3.7
NRH‐19b City of Lexington‐‐‐‐Lexington WTP #1 & 2 PW/WU Subbasin 03‐07‐07 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.5 0.5 0.5 0.5 0.6 0.6 0.6
NRH‐21b City of Mount Airy‐‐‐‐Mount Airy WWTP PW/WU Subbasin 03‐07‐03 5.0 3.2 2.0 1.5 1.6 2.1 2.1 1.7 2.0 2.0 2.0 2.1 2.1 2.2 2.2
NRH‐22b City of Salisbury‐‐‐‐Salisbury‐Rowan WWTP PW/WU Subbasin 03‐07‐04 4.5 6.8 7.3 7.2 7.8 7.7 7.1 6.3 7.0 7.2 7.5 8.0 8.7 9.3 10.1
NRH‐23b City of Statesville‐‐‐‐Fourth Creek WWTP PW/WU Subbasin 03‐07‐06 3.0 2.6 3.0 3.0 3.2 3.2 2.5 2.1 2.6 3.1 4.0 4.4 4.7 5.1 5.6
NRH‐23c City of Statesville‐‐‐‐Third Creek WWTP PW/WU Subbasin 03‐07‐06 2.0 1.3 1.4 1.2 1.3 1.5 0.9 0.8 1.1 1.4 1.7 1.9 2.0 2.2 2.4
NRH‐24b City of Thomasville‐‐‐‐Hamby Creek WWTP PW/WU Subbasin 03‐07‐07 3.0 2.7 2.7 2.5 2.4 2.5 2.2 2.1 2.3 2.3 2.3 2.4 2.6 2.6 2.7
NRH‐25a City of Winston‐Salem‐‐‐‐Archie Elledge WWTP PW/WU Subbasin 03‐07‐04 21.1 18.4 18.0 17.0 17.6 17.6 15.7 14.8 16.0 17.4 19.0 21.4 22.3 23.6 25.1
NRH‐25b City of Winston‐Salem‐‐‐‐Muddy Creek WWTP PW/WU Subbasin 03‐07‐04 13.1 14.6 15.5 14.4 14.9 15.9 15.1 15.3 15.5 15.5 17.0 19.0 19.9 21.0 22.4
NRH‐25c City of Winston‐Salem‐‐‐‐P. W. Swann WTP PW/WU Subbasin 03‐07‐02 ND ND 0.4 0.4 0.4 0.5 0.4 0.4 0.4 0.5 0.5 0.6 0.6 0.6 0.7
NRH‐25d City of Winston‐Salem‐‐‐‐R. A. Thomas WTP PW/WU Subbasin 03‐07‐04 0.8 0.8 0.7 0.6 ND ND 1.5 0.3 0.9 0.9 1.0 1.2 1.2 1.3 1.4
NRH‐27b Davidson Water Inc‐‐‐‐Davidson Water WTP PW/WU Subbasin 03‐07‐04 0.2 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NRH‐28c Davie County‐‐‐‐Sparks Road WTP PW/WU Subbasin 03‐07‐02 ND ND 0.1 0.1 0.2 0.2 1.1 1.5 0.9 0.9 0.9 1.0 1.0 1.0 1.0
NRH‐28d Davie County‐‐‐‐Cooleemee WWTP PW/WU Subbasin 03‐07‐06 0.9 0.6 0.4 0.5 0.5 0.6 0.5 0.5 0.6 0.6 0.6 0.6 0.6 0.6 0.7
NRH‐58 Town of Bermuda Run‐‐‐‐Bermuda Run WWTP PW/WU Subbasin 03‐07‐02 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐60 Town of Boonville‐‐‐‐Boonville WWTP PW/WU Subbasin 03‐07‐02 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐62 Town of Dobson‐‐‐‐Dobson WWTP PW/WU Subbasin 03‐07‐02 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRH‐65b Town of Mocksville‐‐‐‐Bear Creek WWTP PW/WU Subbasin 03‐07‐06 0.2 0.2 0.2 0.2 ND ND ND ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NRH‐65c Town of Mocksville‐‐‐‐Dutchman Creek WWTP PW/WU Subbasin 03‐07‐05 0.4 0.5 0.5 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.5 0.5
NRH‐68b Town of North Wilkesboro‐‐‐‐Thurman Street WWTP PW/WU Subbasin 03‐07‐01 0.9 0.8 0.7 0.6 0.8 0.7 0.8 0.9 0.8 0.8 0.8 0.8 0.9 0.9 0.9
NRH‐70b Town of Pilot Mountain‐‐‐‐Pilot Mountain WTP PW/WU Subbasin 03‐07‐03 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Baseline)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

NRH‐70c Town of Pilot Mountain‐‐‐‐Pilot Mountain WWTP PW/WU Subbasin 03‐07‐03 0.8 0.4 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRH‐72a Town of Wilkesboro‐‐‐‐Cub Creek WWTP PW/WU Subbasin 03‐07‐01 3.2 3.4 3.1 2.7 3.1 3.5 3.6 3.7 3.6 3.6 3.7 3.7 3.8 3.9 4.0
NRH‐73b Town of Yadkinville‐‐‐‐Yadkinville WWTP PW/WU Subbasin 03‐07‐02 0.7 0.6 0.7 0.7 0.7 0.8 0.8 0.7 0.8 0.8 0.8 0.8 0.8 0.8 0.8

NRH‐81
Yadkin Valley Sewer Authority, Inc‐‐‐‐Yadkin Valley Sewer Authority 
WWTP

PW/WU Subbasin 03‐07‐02 0.9 0.7 0.5 0.6 0.6 0.5 0.7 0.7 0.6 0.6 0.6 0.6 0.6 0.7 0.7

NRH‐86 Town of Cleveland‐‐‐‐Cleveland WWTP PW/WU Subbasin 03‐07‐06 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Return Subtotal 73.8 70.1 68.8 64.7 66.9 69.1 67.1 62.4 66.7 69.5 74.9 81.4 85.4 90.1 95.6

HIGH ROCK LAKE TOTAL NET WITHDRAWALS 46.3 47.9 50.6 44.8 40.6 42.7 43.4 47.0 43.7 46.7 43.8 44.6 44.9 47.7 48.1

TUCKERTOWN RESERVOIR

Withdrawals
TWAI‐3 Agriculture/Irrigation‐‐‐‐Tuckertown Reservoir A/I (CGL) n/a 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
NWT‐00 New Future Industry‐‐‐‐Tuckertown Reservoir IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

NWT‐14b City of Albemarle‐‐‐‐Tuckertown WTP PW/WU
Yadkin River (Reservoir: 
Tuckertown)

3.0 3.3 2.4 2.6 2.2 2.4 ND 2.4 2.4 3.9 4.2 4.4 5.8 5.9 6.0

NWT‐61a Town of Denton‐‐‐‐Denton WP PW/WU
Yadkin River (Reservoir: 
Tuckertown Reservoir)

0.9 1.4 1.4 ND 1.3 1.3 1.2 1.2 1.2 1.2 1.3 1.3 1.3 1.3 1.4

Withdrawal Subtotal 4.4 5.2 4.3 3.1 4.0 4.2 1.7 4.1 4.1 5.6 6.5 6.7 8.1 8.3 8.4

Returns
NRT‐14c City of Albemarle‐‐‐‐Tuckertown WTP PW/WU Subbasin 03‐07‐08 0.0 0.0 0.0 0.0 0.0 0.2 0.1 0.1 0.2 0.3 0.3 0.3 0.4 0.4 0.4
NRT‐61b Town of Denton‐‐‐‐Denton WWTP PW/WU Subbasin 03‐07‐08 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.5

Return Subtotal 0.4 0.4 0.4 0.4 0.5 0.6 0.5 0.5 0.6 0.7 0.7 0.7 0.8 0.8 0.8

TUCKERTOWN RESERVOIR TOTAL NET WITHDRAWALS 4.0 4.8 3.9 2.7 3.5 3.6 1.2 3.6 3.6 5.0 5.8 6.0 7.3 7.4 7.6



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Baseline)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

NARROWS RESERVOIR (BADIN LAKE)

Withdrawals
NWAI‐4 Agriculture/Irrigation‐‐‐‐Narrows Reservoir (Badin Lake) A/I (CGL) n/a 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NWN‐00 New Future Industry‐‐‐‐Narrows Reservoir (Badin Lake) IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

NWN‐14d City of Albemarle‐‐‐‐US 52 HWY WTP PW/WU
Yadkin River at Narrows 
(Reservoir: Narrows (Badin Lake))

3.8 4.2 3.1 3.3 2.8 3.1 ND 3.0 3.0 5.4 6.7 7.3 10.0 10.8 11.4

Withdrawal Subtotal 4.0 4.5 3.3 3.5 3.0 3.3 0.2 3.2 3.3 5.7 7.5 8.1 10.7 11.5 12.1

Returns
NRN‐02 Aluminum Company Of America‐‐‐‐Badin Works IND Subbasin 03‐07‐08 0.6 0.3 0.1 0.3 0.3 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Return Subtotal 0.6 0.3 0.1 0.3 0.3 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

NARROWS RESERVOIR (BADIN LAKE) TOTAL NET WITHDRAWALS 3.5 4.2 3.2 3.3 2.7 3.1 0.1 3.1 3.1 5.5 7.3 7.9 10.6 11.4 12.0

FALLS RESERVOIR

Withdrawals
FWAI‐5 Agriculture/Irrigation‐‐‐‐Falls Reservoir A/I (CGL) n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NWF‐00 New Future Industry‐‐‐‐Falls Reservoir IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

Withdrawal Subtotal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

Returns

None None None ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

None None None ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

None None None ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

Return Subtotal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

FALLS RESERVOIR TOTAL NET WITHDRAWALS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Baseline)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

LAKE TILLERY

Withdrawals
LWAI‐6 Agriculture/Irrigation‐‐‐‐Lake Tillery A/I (CGL) n/a 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8
NWL‐00 New Future Industry‐‐‐‐Lake Tillery IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0

NWB‐76e
Union County Public Works‐‐‐‐Planned Yadkin River Water Intake 
(Future)

PW/WU n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

NWL‐05b Asheboro‐‐‐‐W. L. Brown Jr WTP (Lake Lucas intake) PW/WU Back Creek (Reservoir: Lake Lucas) 1.7 1.8 1.9 1.8 1.5 1.6 1.6 1.6 1.6 2.1 2.9 3.3 3.6 4.1 4.5

NWL‐05c Asheboro‐‐‐‐W. L. Brown Jr WTP (Lake Reese intake) PW/WU Uwharrie (Reservoir: Lake Reese) 3.1 3.3 3.3 3.1 2.7 2.8 2.8 2.8 2.8 3.7 5.1 5.8 6.3 7.2 7.9

NWL‐42 Montgomery County‐‐‐‐Montgomery County WTP PW/WU
LAKE TILLERY (Reservoir: Lake 
Tillery)

2.5 3.1 3.5 3.9 3.0 2.4 2.1 2.2 2.2 2.3 2.3 2.3 2.4 2.5 2.5

NWL‐69a Town of Norwood‐‐‐‐Norwood WTP PW/WU
Yadkin River (Reservoir: Lake 
Tillery)

0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.4 0.4 0.5 0.5 0.5 0.5 0.5 0.5

NNH‐30g Duke Energy Carolinas, LLC‐‐‐‐Additional Nuclear Plant #2 TEP
Yadkin River (Reservoir: Lake 
Tillery)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 32.2 32.2

Withdrawal Subtotal 10.6 11.4 11.9 12.0 10.5 10.0 9.7 9.8 9.9 11.3 14.6 15.8 16.6 50.3 51.4

Returns
NRL‐34 Greater Badin Water & Sewer District‐‐‐‐Badin WWTP PW/WU Subbasin 03‐07‐08 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Return Subtotal 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

LAKE TILLERY TOTAL NET WITHDRAWALS 10.1 10.9 11.7 11.7 10.2 9.7 9.4 9.5 9.6 11.0 14.3 15.5 16.3 49.9 51.1

BLEWETT FALLS LAKE

Withdrawals
BWAI‐7 Agriculture/Irrigation‐‐‐‐Blewett Falls Lake A/I (CGL) n/a 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5

NWB‐35b Hedrick Industries‐‐‐‐Aquadale Quarry (Pump 1 ‐ Fresh Water Pond) IND Pump 1 ‐ Fresh Water Pond ND ND ND 0.4 0.2 0.3 0.4 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4

NWB‐35c Hedrick Industries‐‐‐‐Aquadale Quarry (Pump 2 ‐ Cement Pond) IND Pump 2 ‐ Cement Pond ND ND ND 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NWB‐55 Teledyne Allvac‐‐‐‐Monroe Plant IND Lower Pond ND ND ND ND 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
NWB‐56 The Fork, LLC‐‐‐‐The Fork, LLC IND Rocky River ND ND 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
NWB‐00 New Future Industry‐‐‐‐Blewett Falls Lake IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0

NWB‐03a Anson County‐‐‐‐Anson County Filtration Plant PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

5.5 6.0 6.0 5.4 5.7 6.6 6.8 5.7 4.6 4.6 4.7 4.8 4.9 5.0 5.2

NWB‐03b
Anson County‐‐‐‐Anson County Filtration Plant (treated wholesale to 
UCPW)

PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.8 2.4 2.4 0.0 0.0 0.0 0.0

NWB‐03c Anson County‐‐‐‐Anson County Filtration Plant (raw wholesale to UCPW) PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

NWB‐15a City of Concord‐‐‐‐Coddle Creek WTP PW/WU
Coddle Creek (Reservoir: Lake Don 
T. Howell)

6.8 7.8 9.6 ND 8.0 8.0 8.0 8.0 8.0 7.3 8.3 8.5 9.1 12.2 14.1

NWB‐15d City of Concord‐‐‐‐Hillgrove WTP (Lake Fisher intake) PW/WU
Cold Water Creek (Reservoir: Lake 
Fisher)

2.1 2.4 2.9 ND 2.5 2.5 2.5 2.5 2.5 2.3 2.5 2.6 2.8 3.8 4.3

NWB‐17a City of Kannapolis‐‐‐‐City of Kannapolis WTP PW/WU
Irish Buffalo Creek (Reservoir: 
Kannapolis Lake)

6.5 5.4 7.8 5.4 7.6 3.8 4.9 3.4 4.1 3.2 3.7 3.7 4.0 5.4 6.2

NWB‐17c
City of Kannapolis‐‐‐‐City of Kannapolis WTP (supplemental intake ‐ Lake 
Howell)

PW/WU
Coddle Creek (Reservoir: Lake 
Howell)

0.7 0.6 0.9 0.6 0.9 0.4 0.6 0.4 0.5 0.4 0.4 0.4 0.5 0.6 0.7

NWB‐20a City of Monroe‐‐‐‐John Glenn WTP PW/WU
Stewarts Creek (Reservoir: Lake 
Twitty)

7.0 6.9 6.2 ND 5.7 6.0 6.2 5.9 6.0 6.4 7.0 8.3 9.9 11.7 13.9

NWB‐77a Water and Sewer Authority of Cabarrus County‐‐‐‐Mt. Pleasant WTF PW/WU Dutch Buffalo Creek 0.3 0.3 0.3 0.2 0.2 0.3 0.3 0.2 0.3 0.3 0.3 0.4 0.4 0.5 0.5

NWB‐88 Richmond County‐‐‐‐Richmond County WTP PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

3.7 3.2 3.9 3.3 2.7 3.0 3.7 ND 3.4 3.4 3.4 3.5 3.6 3.7 3.8

NNB‐30c Duke Energy Carolinas, LLC‐‐‐‐Smith Energy Complex TEP n/a 0.0 ND 0.8 0.9 1.2 1.7 3.3 4.2 4.2 6.0 6.0 6.0 6.0 6.0 6.0

NNH‐30f Duke Energy Carolinas, LLC‐‐‐‐Additional Nuclear Plant #1 TEP
Pee Dee River (Reservoir: Blewett 
Falls Lake)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 32.2 32.2

Withdrawal Subtotal 44.0 44.1 50.2 28.1 48.7 46.5 50.5 44.7 49.5 50.5 53.9 53.5 56.5 96.4 102.2



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Baseline)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

Returns
NRB‐35a Hedrick Industries‐‐‐‐Aquadale Quarry IND Subbasin 03‐07‐13 1.2 ND 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
NRB‐83 Carolina Stalite Company‐‐‐‐Carolina Stalite Company IND Subbasin 03‐07‐13 0.8 0.5 0.5 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRB‐13 Charlotte Mecklenburg Utility Department‐‐‐‐Mallard Creek WWTP PW/WU Subbasin 03‐07‐11 5.1 5.5 7.8 7.5 8.2 7.9 8.4 7.9 8.1 8.6 9.6 11.4 13.6 16.3 19.4
NRB‐14a City of Albemarle‐‐‐‐Long Creek WWTP PW/WU Subbasin 03‐07‐13 8.1 9.1 7.4 5.5 6.1 5.7 5.3 5.0 5.3 5.7 6.4 6.8 6.9 7.2 7.4
NRB‐15b City of Concord‐‐‐‐Coddle Creek WTP PW/WU Subbasin 03‐07‐11 0.4 1.0 0.2 0.1 0.3 0.4 0.4 0.3 0.4 0.3 0.4 0.4 0.4 0.5 0.6
NRB‐17b City of Kannapolis‐‐‐‐City of Kannapolis WTP PW/WU Subbasin 03‐07‐12 0.6 0.2 0.4 0.3 0.3 0.3 0.3 0.2 0.3 0.2 0.3 0.3 0.3 0.4 0.4
NRB‐20b City of Monroe‐‐‐‐John Glenn WTP PW/WU Subbasin 03‐07‐14 0.4 0.3 0.8 0.8 0.8 0.7 0.7 0.8 0.7 0.8 0.9 1.0 1.2 1.4 1.7
NRB‐20c City of Monroe‐‐‐‐Monroe WWTP PW/WU Subbasin 03‐07‐14 7.1 6.6 6.5 6.4 6.4 6.4 5.8 6.0 6.1 6.4 7.0 8.3 9.9 11.8 14.0
NRB‐20d City of Monroe‐‐‐‐Monroe WWTP (allotment to Union County) PW/WU Subbasin 03‐07‐14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2 1.5 2.1 3.4 4.7 6.6 7.6
NRB‐52 Stanly County‐‐‐‐West Stanly WWTP PW/WU Subbasin 03‐07‐14 0.4 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.5
NRB‐59 Town of Biscoe‐‐‐‐Biscoe WWTP PW/WU Subbasin 03‐07‐15 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRB‐66 Town of Mooresville‐‐‐‐Rocky River WWTP (Town of Mooresville) PW/WU Subbasin 03‐07‐11 3.0 2.5 2.9 3.0 3.2 3.4 3.3 3.4 3.4 3.5 3.7 4.2 4.6 5.2 5.8
NRB‐67 Town of Mount Gilead‐‐‐‐Mount Gilead WWTP PW/WU Subbasin 03‐07‐10 0.4 0.4 0.4 0.3 0.1 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRB‐69b Town of Norwood‐‐‐‐Norwood WWTP PW/WU Subbasin 03‐07‐14 0.5 0.4 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRB‐71 Town of Troy‐‐‐‐Troy WWTP PW/WU Subbasin 03‐07‐15 0.6 0.6 0.5 0.4 0.4 0.4 0.4 0.5 0.4 0.4 0.5 0.5 0.5 0.5 0.5
NRB‐76a Union County Public Works‐‐‐‐Crooked Creek WWTP #2 PW/WU Subbasin 03‐07‐12 1.1 1.2 1.3 1.1 1.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

NRB‐76a(F) Union County Public Works‐‐‐‐Crooked Creek WWTP #2 (Future) PW/WU Subbasin 03‐07‐12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.1 1.5 1.5 1.5 1.5 1.5
NRB‐76b Union County Public Works‐‐‐‐Hunley Creek WWTP PW/WU Subbasin 03‐07‐12 0.1 0.2 ND ND ND ND ND ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NRB‐76c Union County Public Works‐‐‐‐Grassy Branch WWTP PW/WU Subbasin 03‐07‐12 ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1
NRB‐76d Union County Public Works‐‐‐‐Tallwood Estates WWTP PW/WU Subbasin 03‐07‐12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1

NRB‐77c
Water and Sewer Authority of Cabarrus County‐‐‐‐Rocky River WWTP 
(WSACC)

PW/WU Subbasin 03‐07‐12 17.1 14.6 14.7 14.3 14.7 14.4 14.2 13.9 14.2 14.9 16.1 18.4 21.1 24.1 27.7

NRB‐84 City of Charlotte‐‐‐‐Cabarrus Woods WWTP PW/WU Subbasin 03‐07‐11 0.3 0.4 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.5 0.5 0.6 0.6 0.7 0.8
NRB‐04 Aqua North Carolina, Inc‐‐‐‐Country Wood WWTP PW/WU (D) Subbasin 03‐07‐12 0.0 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.4 0.4 0.5
NRB‐09 Bradfield Farms Water Company‐‐‐‐Bradfield Farms WWTP PW/WU (D) Subbasin 03‐07‐11 0.1 0.1 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.5 0.5 0.7

NRB‐11 Carolina Water Service Inc of North Carolina‐‐‐‐Hemby Acres WWTP PW/WU (D) Subbasin 03‐07‐12 0.1 0.1 0.1 0.5 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2

Return Subtotal 47.9 44.5 45.3 42.4 44.0 43.2 42.4 41.6 43.6 46.1 51.0 59.1 68.0 79.0 90.5

BLEWETT FALLS LAKE TOTAL NET WITHDRAWALS ‐3.9 ‐0.4 4.9 ‐14.3 4.7 3.3 8.1 3.1 5.9 4.4 2.8 ‐5.6 ‐11.6 17.4 11.7

DOWNSTREAM OF BLEWETT FALLS LAKE (NC)

Withdrawals
DWAI‐8 Agriculture/Irrigation‐‐‐‐Downstream of Blewett Falls Lake (NC) A/I (CGL) n/a 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
NWD‐00 New Future Industry‐‐‐‐Downstream of Blewett Falls Lake (NC) IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0
NWD‐94a B.V. Hedrick Gravel And Sand Co.‐‐‐‐Hedrick Mine (Pump House ‐ 1) IND Pump House ‐ 1 ND ND ND 1.7 2.1 2.1 1.8 0.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
NWD‐94b B.V. Hedrick Gravel And Sand Co.‐‐‐‐Hedrick Mine (Pump House ‐ 3) IND Pump House ‐ 3 ND ND ND 1.7 2.1 2.0 1.8 0.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
NWD‐94c B.V. Hedrick Gravel And Sand Co.‐‐‐‐Hedrick Mine (Pump House ‐ 4) IND Pump House ‐ 4 ND ND ND 1.7 2.1 2.1 1.8 0.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4

NWD‐91a City of Hamlet‐‐‐‐Hamlet WTP PW/WU
Hamlet Water System (Reservoir: 
Hamlet Water Lake)

1.4 1.5 1.2 1.1 1.1 1.2 1.1 1.2 1.2 1.2 1.2 1.2 1.3 1.3 1.3

NWD‐90b City of Rockingham‐‐‐‐Rockingham WTP (City Pond intake) PW/WU City Pond (Reservoir: City Pond) 1.1 0.8 1.1 0.9 0.9 0.8 1.0 1.1 1.0 1.0 1.0 1.0 1.0 1.1 1.1

NWD‐90c City of Rockingham‐‐‐‐Rockingham WTP (Roberdel Lake intake) PW/WU
Roberdel Lake (Reservoir: 
Roberdel Lake)

2.1 1.6 2.1 1.8 1.7 1.7 2.0 2.2 2.0 2.0 2.0 2.0 2.1 2.1 2.2

NWD‐93 Town of Wadesboro‐‐‐‐Town of Wadesboro WTP PW/WU Jones Creek (Reservoir: City Pond) 1.4 0.9 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.9 0.9 0.9

Withdrawal Subtotal 8.0 6.8 7.2 11.7 12.8 12.7 12.4 8.4 11.2 11.2 12.3 12.4 12.5 12.6 12.8

Returns
NRD‐03d Anson County‐‐‐‐Anson County Regional WWTP PW/WU Subbasin 03‐07‐16 2.4 1.1 1.3 1.4 1.3 1.4 1.2 1.4 1.3 1.3 1.4 1.4 1.4 1.5 1.5
NRD‐03e Anson County‐‐‐‐Anson County Filtration Plant PW/WU Subbasin 03‐07‐16 0.6 0.6 0.7 0.7 0.7 0.5 0.5 0.6 0.5 0.5 0.5 0.5 0.6 0.6 0.6
NRD‐92 Burlington Industries LLC‐‐‐‐Richmond Plant IND Subbasin 03‐07‐16 0.5 0.5 0.3 0.3 0.2 0.3 0.3 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3
NRD‐91b City of Hamlet‐‐‐‐Hamlet WWTP PW/WU Subbasin 03‐07‐16 0.7 0.8 0.7 0.8 0.7 0.8 0.7 0.6 0.7 0.7 0.7 0.7 0.7 0.8 0.8
NRD‐90a City of Rockingham‐‐‐‐Rockingham WWTP PW/WU Subbasin 03‐07‐16 4.8 4.3 3.8 4.1 3.1 2.7 2.4 3.0 2.7 2.7 2.8 2.8 2.9 3.0 3.1
NRD‐88b Richmond County‐‐‐‐Richmond County WTP PW/WU Subbasin 03‐07‐16 0.1 0.2 0.3 0.3 0.4 0.4 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Return Subtotal 9.1 7.5 7.0 7.5 6.3 6.0 5.3 6.0 5.8 5.8 5.9 6.0 6.2 6.3 6.5

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) TOTAL NET WITHDRAWALS ‐1.1 ‐0.7 0.2 4.2 6.4 6.7 7.1 2.4 5.4 5.4 6.4 6.4 6.3 6.3 6.3

GRAND TOTAL (ALL BASINS)
WITHDRAWALS 185.6 185.7 191.7 158.8 176.3 178.5 175.3 174.0 179.8 192.0 211.2 220.3 232.6 314.8 328.7

RETURNS 123.2 115.9 115.0 108.3 112.1 113.6 110.7 105.1 111.5 116.9 127.3 141.9 154.9 170.6 187.7

NET WITHDRAWALS 62.4 69.8 76.6 50.6 64.2 65.0 64.6 68.9 68.3 75.1 83.9 78.3 77.7 144.2 140.9



Projected Net Withdrawals by Month (mgd) (Baseline)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Public Water/Wastewater Utilities

Base 20.23 1.50 0.93 ‐6.20 8.74 23.81 40.24 44.94 42.76 36.83 29.16 15.69 3.40

2015 22.96 3.20 2.52 ‐4.90 10.87 26.82 44.06 48.79 46.53 40.51 32.28 18.35 5.44

2020 24.82 3.30 2.58 ‐5.40 11.67 28.91 47.70 52.82 50.43 43.92 35.03 19.92 5.80

2030 19.24 ‐3.96 ‐4.60 ‐13.40 5.07 23.35 43.66 49.29 46.67 39.85 30.41 14.30 ‐0.95

2040 18.59 ‐6.32 ‐7.18 ‐16.64 3.43 23.18 44.74 50.68 47.67 40.78 30.76 13.70 ‐3.03

2050 18.30 ‐8.81 ‐9.98 ‐20.14 1.93 23.48 46.72 53.26 49.80 42.44 31.87 13.15 ‐5.50

2060 15.04 ‐14.42 ‐15.79 ‐26.74 ‐2.53 20.81 45.70 52.89 48.90 41.14 30.01 9.70 ‐10.79

Industrial

Base 5.84 5.41 5.49 5.41 5.49 5.45 5.60 5.70 5.53 5.78 7.25 7.15 5.68

2015 5.83 5.40 5.48 5.41 5.49 5.45 5.59 5.69 5.53 5.77 7.25 7.14 5.67

2020 11.32 10.89 10.97 10.90 10.98 10.94 11.09 11.18 11.02 11.26 12.74 12.63 11.16

2030 11.30 10.87 10.95 10.88 10.96 10.92 11.07 11.16 11.00 11.24 12.71 12.61 11.14

2040 11.28 10.84 10.92 10.86 10.94 10.90 11.04 11.14 10.98 11.22 12.69 12.59 11.12

2050 11.25 10.81 10.90 10.83 10.92 10.87 11.02 11.12 10.96 11.19 12.66 12.56 11.09

2060 11.23 10.78 10.86 10.80 10.89 10.84 10.99 11.09 10.93 11.17 12.63 12.53 11.06

Agriculture/Irrigation

Base 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2015 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2020 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2030 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2040 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2050 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2060 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

Power

Base 4.44 3.75 4.93 4.72 4.05 4.27 4.82 6.31 5.59 4.27 2.82 3.47 4.24

2015 8.49 8.27 8.50 8.48 8.51 8.55 8.75 8.87 8.89 8.73 8.40 8.04 7.89

2020 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2030 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2040 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2050 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

2060 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

Total

Base 73.68 12.50 14.32 14.92 46.51 88.39 150.89 181.35 156.76 106.79 62.57 32.53 15.62

2015 80.46 18.72 19.48 19.98 53.10 95.68 158.64 187.76 163.82 114.92 71.27 39.75 21.30

2020 90.30 26.58 27.53 27.44 61.90 105.81 170.52 200.15 176.10 126.55 81.91 48.85 29.05

2030 84.70 19.29 20.33 19.42 55.29 100.22 166.46 196.59 172.32 122.45 77.26 43.21 22.27

2040 84.03 16.90 17.72 16.16 53.62 100.03 167.52 197.97 173.30 123.36 77.59 42.58 20.17

2050 150.53 86.73 84.15 75.22 112.84 161.62 239.29 274.31 249.12 192.57 141.95 104.16 82.90

2060 147.24 81.09 78.31 68.59 108.36 158.92 238.24 273.92 248.20 191.24 140.06 100.68 77.57

Year

Annual 

Average

Month



Projected Withdrawals by Month (mgd) (Baseline)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Public Water/Wastewater Utilities

Base 133.37 124.27 122.00 121.49 126.39 136.71 149.28 148.91 149.80 143.65 134.49 123.73 119.08

2015 141.48 131.77 129.41 128.89 134.09 145.09 158.30 157.72 158.68 152.48 142.59 131.49 126.56

2020 153.79 143.25 140.70 140.21 145.75 157.61 171.97 171.30 172.48 165.80 155.07 143.03 137.57

2030 162.97 152.02 149.35 148.81 154.44 166.69 182.11 181.33 182.78 175.69 164.18 151.51 145.93

2040 175.42 163.84 160.90 160.38 166.33 179.48 195.79 194.80 196.32 189.01 176.68 163.36 157.34

2050 190.97 178.49 175.16 174.75 181.16 195.41 212.96 211.96 213.62 205.68 192.48 177.88 171.17

2060 204.95 191.56 187.91 187.60 194.51 209.77 228.50 227.48 229.25 220.73 206.63 190.84 183.60

Industrial

Base 10.01 9.94 9.90 9.82 9.85 9.72 9.60 9.83 9.95 10.00 11.11 10.87 9.53

2015 10.01 9.94 9.90 9.82 9.85 9.72 9.60 9.83 9.95 10.00 11.11 10.87 9.53

2020 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2030 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2040 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2050 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2060 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

Agriculture/Irrigation

Base 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2015 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2020 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2030 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2040 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2050 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2060 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

Power

Base 4.44 3.75 4.93 4.72 4.05 4.27 4.82 6.31 5.59 4.27 2.82 3.47 4.24

2015 8.49 8.27 8.50 8.48 8.51 8.55 8.75 8.87 8.89 8.73 8.40 8.04 7.89

2020 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2030 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2040 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2050 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

2060 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

Total

Base 191.00 139.80 139.80 147.01 168.53 205.55 263.93 289.46 268.21 217.82 171.76 144.30 135.14

2015 203.16 151.82 150.79 158.17 180.69 218.21 276.89 300.83 280.38 231.11 185.45 156.63 146.28

2020 223.46 171.07 170.08 177.47 200.35 238.78 298.80 322.78 302.58 252.66 205.82 175.71 164.68

2030 232.64 179.85 178.73 186.07 209.05 247.86 308.94 332.81 312.87 262.55 214.93 184.19 173.04

2040 245.09 191.66 190.28 197.64 220.94 260.65 322.62 346.28 326.41 275.87 227.43 196.03 184.45

2050 327.46 278.66 273.79 274.60 296.51 337.90 409.62 437.22 417.43 360.11 306.51 272.70 263.50

2060 341.44 291.73 286.54 287.45 309.86 352.26 425.15 452.75 433.06 375.16 320.66 285.66 275.92

Year

Annual 

Average

Month



Projected Returns by Month (mgd) (Baseline)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Public Water/Wastewater Utilities

Base 113.14 122.77 121.07 127.69 117.65 112.90 109.04 103.97 107.03 106.82 105.33 108.04 115.68

2015 118.52 128.57 126.90 133.78 123.22 118.27 114.24 108.93 112.15 111.97 110.31 113.14 121.12

2020 128.98 139.95 138.13 145.61 134.07 128.69 124.27 118.49 122.05 121.88 120.03 123.12 131.77

2030 143.73 155.98 153.95 162.21 149.37 143.34 138.45 132.05 136.11 135.84 133.78 137.21 146.88

2040 156.83 170.16 168.09 177.01 162.90 156.29 151.05 144.12 148.64 148.23 145.91 149.66 160.37

2050 172.67 187.30 185.14 194.89 179.24 171.93 166.24 158.70 163.82 163.24 160.61 164.73 176.67

2060 189.91 205.98 203.71 214.34 197.04 188.96 182.80 174.59 180.34 179.59 176.62 181.14 194.39

Industrial

Base 4.17 4.53 4.41 4.40 4.36 4.27 4.00 4.14 4.41 4.22 3.86 3.73 3.85

2015 4.18 4.54 4.41 4.41 4.37 4.27 4.01 4.14 4.42 4.22 3.87 3.73 3.85

2020 4.19 4.55 4.42 4.42 4.38 4.28 4.02 4.15 4.43 4.23 3.88 3.74 3.86

2030 4.21 4.57 4.45 4.44 4.40 4.30 4.04 4.17 4.45 4.25 3.90 3.76 3.88

2040 4.23 4.60 4.47 4.46 4.42 4.32 4.06 4.19 4.47 4.28 3.92 3.79 3.91

2050 4.26 4.63 4.50 4.48 4.44 4.35 4.08 4.21 4.49 4.30 3.95 3.82 3.93

2060 4.28 4.66 4.53 4.51 4.46 4.38 4.11 4.24 4.51 4.33 3.98 3.85 3.96

Agriculture/Irrigation

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Power

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total

Base 117.31 127.30 125.48 132.09 122.02 117.16 113.04 108.11 111.45 111.04 109.19 111.77 119.53

2015 122.70 133.10 131.31 138.19 127.59 122.54 118.25 113.07 116.57 116.19 114.18 116.88 124.98

2020 133.16 144.50 142.55 150.02 138.45 132.97 128.28 122.64 126.48 126.11 123.91 126.86 135.63

2030 147.94 160.55 158.40 166.65 153.76 147.64 142.48 136.21 140.56 140.09 137.68 140.98 150.77

2040 161.06 174.75 172.56 181.47 167.31 160.62 155.10 148.31 153.11 152.51 149.84 153.45 164.28

2050 176.93 191.93 189.64 199.37 183.67 176.28 170.33 162.92 168.31 167.55 164.56 168.55 180.60

2060 194.20 210.64 208.24 218.86 201.50 193.34 186.91 178.83 184.86 183.92 180.60 184.98 198.35

Year

Annual 

Average

Month



Projected Flow by Month (mgd) (Baseline)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

WITHDRAWALS

Base 191.00 139.80 139.80 147.01 168.53 205.55 263.93 289.46 268.21 217.82 171.76 144.30 135.14

2015 203.16 151.82 150.79 158.17 180.69 218.21 276.89 300.83 280.38 231.11 185.45 156.63 146.28

2020 223.46 171.07 170.08 177.47 200.35 238.78 298.80 322.78 302.58 252.66 205.82 175.71 164.68

2030 232.64 179.85 178.73 186.07 209.05 247.86 308.94 332.81 312.87 262.55 214.93 184.19 173.04

2040 245.09 191.66 190.28 197.64 220.94 260.65 322.62 346.28 326.41 275.87 227.43 196.03 184.45

2050 327.46 278.66 273.79 274.60 296.51 337.90 409.62 437.22 417.43 360.11 306.51 272.70 263.50

2060 341.44 291.73 286.54 287.45 309.86 352.26 425.15 452.75 433.06 375.16 320.66 285.66 275.92

RETURNS

Base 117.31 127.30 125.48 132.09 122.02 117.16 113.04 108.11 111.45 111.04 109.19 111.77 119.53

2015 122.70 133.10 131.31 138.19 127.59 122.54 118.25 113.07 116.57 116.19 114.18 116.88 124.98

2020 133.16 144.50 142.55 150.02 138.45 132.97 128.28 122.64 126.48 126.11 123.91 126.86 135.63

2030 147.94 160.55 158.40 166.65 153.76 147.64 142.48 136.21 140.56 140.09 137.68 140.98 150.77

2040 161.06 174.75 172.56 181.47 167.31 160.62 155.10 148.31 153.11 152.51 149.84 153.45 164.28

2050 176.93 191.93 189.64 199.37 183.67 176.28 170.33 162.92 168.31 167.55 164.56 168.55 180.60

2060 194.20 210.64 208.24 218.86 201.50 193.34 186.91 178.83 184.86 183.92 180.60 184.98 198.35

NET WITHDRAWAL

Base 73.68 12.50 14.32 14.92 46.51 88.39 150.89 181.35 156.76 106.79 62.57 32.53 15.62

2015 80.46 18.72 19.48 19.98 53.10 95.68 158.64 187.76 163.82 114.92 71.27 39.75 21.30

2020 90.30 26.58 27.53 27.44 61.90 105.81 170.52 200.15 176.10 126.55 81.91 48.85 29.05

2030 84.70 19.29 20.33 19.42 55.29 100.22 166.46 196.59 172.32 122.45 77.26 43.21 22.27

2040 84.03 16.90 17.72 16.16 53.62 100.03 167.52 197.97 173.30 123.36 77.59 42.58 20.17

2050 150.53 86.73 84.15 75.22 112.84 161.62 239.29 274.31 249.12 192.57 141.95 104.16 82.90

2060 147.24 81.09 78.31 68.59 108.36 158.92 238.24 273.92 248.20 191.24 140.06 100.68 77.57

Year

Annual 

Average

Month



Projected Flow by Subbasin (mgd) (Baseline)

Subbasins

Year Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM OF 

BLEWETT FALLS LAKE (NC)

WITHDRAWALS

Base 191.00 2.71 110.39 4.12 3.26 0.02 9.85 49.49 11.16

2015 203.16 2.71 116.16 5.65 5.68 0.02 11.26 50.49 11.20

2020 223.46 9.53 118.73 6.47 7.46 0.52 14.60 53.88 12.26

2030 232.64 9.71 126.05 6.67 8.08 0.52 15.77 53.47 12.39

2040 245.09 9.88 130.26 8.11 10.73 0.52 16.60 56.47 12.52

2050 327.46 10.07 137.82 8.26 11.52 0.52 50.26 96.37 12.65

2060 341.44 10.25 143.77 8.40 12.12 0.52 51.41 102.19 12.78

RETURNS

Base 117.31 0.21 66.70 0.55 0.16 0.00 0.29 43.62 5.78

2015 122.70 0.21 69.47 0.65 0.16 0.00 0.29 46.09 5.82

2020 133.16 0.21 74.88 0.68 0.16 0.00 0.30 51.04 5.89

2030 147.94 0.21 81.42 0.70 0.16 0.00 0.31 59.11 6.03

2040 161.06 0.21 85.37 0.80 0.16 0.00 0.32 68.02 6.18

2050 176.93 0.21 90.10 0.82 0.16 0.00 0.33 78.97 6.33

2060 194.20 0.21 95.63 0.84 0.16 0.00 0.35 90.53 6.48

NET WITHDRAWALS

Base 73.68 2.49 43.69 3.56 3.10 0.02 9.56 5.87 5.38

2015 80.46 2.49 46.70 4.99 5.51 0.02 10.96 4.40 5.38

2020 90.30 9.32 43.85 5.79 7.30 0.52 14.30 2.85 6.37

2030 84.70 9.49 44.63 5.97 7.91 0.52 15.46 ‐5.64 6.36

2040 84.03 9.67 44.89 7.31 10.57 0.52 16.28 ‐11.55 6.34

2050 150.53 9.85 47.73 7.44 11.36 0.52 49.92 17.40 6.32

2060 147.24 10.04 48.14 7.56 11.96 0.52 51.07 11.66 6.30
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Projected Withdrawals by Subbasin (mgd) (Baseline)

Subbasin Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR 2.71 2.71 9.53 9.71 9.88 10.07 10.25

HIGH ROCK LAKE 110.39 116.16 118.73 126.05 130.26 137.82 143.77

TUCKERTOWN RESERVOIR 4.12 5.65 6.47 6.67 8.11 8.26 8.40

NARROWS RESERVOIR (BADIN LAKE) 3.26 5.68 7.46 8.08 10.73 11.52 12.12

FALLS RESERVOIR 0.02 0.02 0.52 0.52 0.52 0.52 0.52

LAKE TILLERY 9.85 11.26 14.60 15.77 16.60 50.26 51.41

BLEWETT FALLS LAKE 49.49 50.49 53.88 53.47 56.47 96.37 102.19

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) 11.16 11.20 12.26 12.39 12.52 12.65 12.78

Total 191.00 203.16 223.46 232.64 245.09 327.46 341.44

Projected Returns by Subbasin (mgd) (Baseline)

Subbasin Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR 0.21 0.21 0.21 0.21 0.21 0.21 0.21

HIGH ROCK LAKE 66.70 69.47 74.88 81.42 85.37 90.10 95.63

TUCKERTOWN RESERVOIR 0.55 0.65 0.68 0.70 0.80 0.82 0.84

NARROWS RESERVOIR (BADIN LAKE) 0.16 0.16 0.16 0.16 0.16 0.16 0.16

FALLS RESERVOIR 0.00 0.00 0.00 0.00 0.00 0.00 0.00

LAKE TILLERY 0.29 0.29 0.30 0.31 0.32 0.33 0.35

BLEWETT FALLS LAKE 43.62 46.09 51.04 59.11 68.02 78.97 90.53

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) 5.78 5.82 5.89 6.03 6.18 6.33 6.48

Total 117.31 122.70 133.16 147.94 161.06 176.93 194.20

Projected Net Withdrawals by Subbasin (mgd) (Baseline)

Subbasin Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR 2.49 2.49 9.32 9.49 9.67 9.85 10.04

HIGH ROCK LAKE 43.69 46.70 43.85 44.63 44.89 47.73 48.14

TUCKERTOWN RESERVOIR 3.56 4.99 5.79 5.97 7.31 7.44 7.56

NARROWS RESERVOIR (BADIN LAKE) 3.10 5.51 7.30 7.91 10.57 11.36 11.96

FALLS RESERVOIR 0.02 0.02 0.52 0.52 0.52 0.52 0.52

LAKE TILLERY 9.56 10.96 14.30 15.46 16.28 49.92 51.07

BLEWETT FALLS LAKE 5.87 4.40 2.85 ‐5.64 ‐11.55 17.40 11.66

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) 5.38 5.38 6.37 6.36 6.34 6.32 6.30

Total 73.68 80.46 90.30 84.70 84.03 150.53 147.24



Projected Net Withdrawals by Subbasin (mgd) (Baseline)

Subbasin

Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM 

OF BLEWETT 

FALLS LAKE (NC)

Public Water/Wastewater Utilities

Base 20.23 0.00 20.19 3.07 3.03 0.00 6.76 ‐12.19 ‐0.63

2015 22.96 0.00 20.96 4.50 5.44 0.00 8.16 ‐15.47 ‐0.63

2020 24.82 6.83 14.63 4.80 6.73 0.00 10.50 ‐18.03 ‐0.64

2030 19.24 7.00 15.44 4.98 7.34 0.00 11.65 ‐26.51 ‐0.66

2040 18.59 7.18 15.72 6.31 10.00 0.00 12.48 ‐32.43 ‐0.68

2050 18.30 7.36 16.09 6.44 10.79 0.00 13.96 ‐35.64 ‐0.69

2060 15.04 7.55 16.53 6.56 11.38 0.00 15.10 ‐41.38 ‐0.71

Industrial

Base 5.84 ‐0.02 ‐0.36 0.00 ‐0.16 0.00 0.00 2.35 4.03

2015 5.83 ‐0.02 ‐0.36 0.00 ‐0.16 0.00 0.00 2.35 4.03

2020 11.32 ‐0.02 0.63 0.50 0.34 0.50 1.00 3.35 5.03

2030 11.30 ‐0.02 0.61 0.50 0.34 0.50 1.00 3.35 5.03

2040 11.28 ‐0.02 0.58 0.50 0.34 0.50 1.00 3.35 5.03

2050 11.25 ‐0.02 0.56 0.50 0.34 0.50 1.00 3.35 5.03

2060 11.23 ‐0.02 0.53 0.50 0.34 0.50 1.00 3.35 5.03

Agriculture/Irrigation

Base 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2015 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2020 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2030 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2040 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2050 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2060 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

Power

Base 4.44 0.00 0.25 0.00 0.00 0.00 0.00 4.18 0.00

2015 8.49 0.00 2.49 0.00 0.00 0.00 0.00 6.00 0.00

2020 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2030 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2040 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2050 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

2060 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

Total

Base 73.68 2.49 43.69 3.56 3.10 0.02 9.56 5.87 5.38

2015 80.46 2.49 46.70 4.99 5.51 0.02 10.96 4.40 5.38

2020 90.30 9.32 43.85 5.79 7.30 0.52 14.30 2.85 6.37

2030 84.70 9.49 44.63 5.97 7.91 0.52 15.46 ‐5.64 6.36

2040 84.03 9.67 44.89 7.31 10.57 0.52 16.28 ‐11.55 6.34

2050 150.53 9.85 47.73 7.44 11.36 0.52 49.92 17.40 6.32

2060 147.24 10.04 48.14 7.56 11.96 0.52 51.07 11.66 6.30

Year



Projected Withdrawals by Subbasin (mgd) (Baseline)

Subbasin

Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM 

OF BLEWETT 

FALLS LAKE (NC)

Public Water/Wastewater Utilities

Base 133.37 0.00 83.77 3.62 3.03 0.00 7.05 31.01 4.89

2015 141.48 0.00 87.30 5.15 5.44 0.00 8.45 30.20 4.93

2020 153.79 6.83 86.38 5.48 6.73 0.00 10.79 32.59 4.99

2030 162.97 7.00 93.69 5.68 7.34 0.00 11.96 32.17 5.12

2040 175.42 7.18 97.91 7.12 10.00 0.00 12.80 35.17 5.25

2050 190.97 7.36 102.98 7.26 10.79 0.00 14.29 42.92 5.38

2060 204.95 7.55 108.92 7.40 11.38 0.00 15.44 48.73 5.52

Industrial

Base 10.01 0.19 2.77 0.00 0.00 0.00 0.00 2.77 4.28

2015 10.01 0.19 2.77 0.00 0.00 0.00 0.00 2.77 4.28

2020 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2030 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2040 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2050 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2060 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

Agriculture/Irrigation

Base 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2015 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2020 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2030 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2040 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2050 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2060 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

Power

Base 4.44 0.00 0.25 0.00 0.00 0.00 0.00 4.18 0.00

2015 8.49 0.00 2.49 0.00 0.00 0.00 0.00 6.00 0.00

2020 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2030 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2040 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2050 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

2060 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

Total

Base 191.00 2.71 110.39 4.12 3.26 0.02 9.85 49.49 11.16

2015 203.16 2.71 116.16 5.65 5.68 0.02 11.26 50.49 11.20

2020 223.46 9.53 118.73 6.47 7.46 0.52 14.60 53.88 12.26

2030 232.64 9.71 126.05 6.67 8.08 0.52 15.77 53.47 12.39

2040 245.09 9.88 130.26 8.11 10.73 0.52 16.60 56.47 12.52

2050 327.46 10.07 137.82 8.26 11.52 0.52 50.26 96.37 12.65

2060 341.44 10.25 143.77 8.40 12.12 0.52 51.41 102.19 12.78

Year



Projected Returns by Subbasin (mgd) (Baseline)

Subbasin

Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM 

OF BLEWETT 

FALLS LAKE (NC)

Public Water/Wastewater Utilities

Base 113.14 0.00 63.58 0.55 0.00 0.00 0.29 43.20 5.52

2015 118.52 0.00 66.34 0.65 0.00 0.00 0.29 45.67 5.57

2020 128.98 0.00 71.74 0.68 0.00 0.00 0.30 50.62 5.64

2030 143.73 0.00 78.26 0.70 0.00 0.00 0.31 58.69 5.78

2040 156.83 0.00 82.19 0.80 0.00 0.00 0.32 67.60 5.92

2050 172.67 0.00 86.89 0.82 0.00 0.00 0.33 78.56 6.07

2060 189.91 0.00 92.39 0.84 0.00 0.00 0.35 90.11 6.23

Industrial

Base 4.17 0.21 3.13 0.00 0.16 0.00 0.00 0.42 0.25

2015 4.18 0.21 3.13 0.00 0.16 0.00 0.00 0.42 0.25

2020 4.19 0.21 3.14 0.00 0.16 0.00 0.00 0.42 0.25

2030 4.21 0.21 3.16 0.00 0.16 0.00 0.00 0.42 0.25

2040 4.23 0.21 3.18 0.00 0.16 0.00 0.00 0.42 0.25

2050 4.26 0.21 3.21 0.00 0.16 0.00 0.00 0.42 0.25

2060 4.28 0.21 3.24 0.00 0.16 0.00 0.00 0.42 0.25

Agriculture/Irrigation

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Power

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total

Base 117.31 0.21 66.70 0.55 0.16 0.00 0.29 43.62 5.78

2015 122.70 0.21 69.47 0.65 0.16 0.00 0.29 46.09 5.82

2020 133.16 0.21 74.88 0.68 0.16 0.00 0.30 51.04 5.89

2030 147.94 0.21 81.42 0.70 0.16 0.00 0.31 59.11 6.03

2040 161.06 0.21 85.37 0.80 0.16 0.00 0.32 68.02 6.18

2050 176.93 0.21 90.10 0.82 0.16 0.00 0.33 78.97 6.33

2060 194.20 0.21 95.63 0.84 0.16 0.00 0.35 90.53 6.48

Year



Base Year 2060

Industrial

Withdrawals 2010‐2012 Average 10.0 15.5 0.92
Returns 2010‐2012 Average 4.2 4.3 0.06
Net Withdrawals 2010‐2012 Average 5.8 11.2 1.37

Public Water/ Wastewater

Withdrawals 2010‐2012 Average 133.4 223.8 1.08
Returns 2010‐2012 Average 113.1 189.9 1.08
Net Withdrawals 2010‐2012 Average 20.2 33.9 1.08

Agriculture/Irrigation

Withdrawals 2010‐2012 Average 43.2 43.2 0.00
Returns 2010‐2012 Average 0.0 0.0 n/a
Net Withdrawals 2010‐2012 Average 43.2 43.2 0.00

Subtotal (Excluding Power)‐ Net Withdrawals 2010‐2012 Average 69.2 88.3 0.51
Public Water Supply/Wastewater and Industrial 26.1 45.1

Power

Net Withdrawals 2010‐2012 Average 4.4 77.8 6.15
Returns 2010‐2012 Average 0.0 0.0 n/a
Net Withdrawals 2010‐2012 Average 4.4 77.8 6.15

Total Basin‐ Net Withdrawals 2010‐2012 Average 73.7 166.1 1.71

Yadkin River Water Supply Study 

Net Withdrawal Projection and Comparison with Historical and Forecasted Populations

(Alternative 1)

Flow

Water User Category Base Year AGR
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Population Projections Years Start Year End Year AGR

United States 2010‐2030 308,745,538 369,662,000 0.90

2030‐2050 369,662,000 420,268,000 0.64

2040‐2050 389,934,000 420,268,000 0.75

2010‐2050 308,745,538 420,268,000 0.77

South Carolina1, 3 2010‐2035 4,625,364 5,722,720 0.86

    Yadkin River Basin 2010‐2035 75,667 74,220 ‐0.08

Chesterfield 2010‐2035 46,734 49,140 0.20

Marlboro 2010‐2035 28,933 25,080 ‐0.57

Virginia4 2010‐2040 8,001,024 10,530,228 0.69

    Yadkin River Basin 2010‐2040 64,065 64,609 0.02

Carroll 2010‐2040 30,042 31,187 0.09

Grayson 2010‐2040 15,533 14,520 ‐0.17

Patrick 2010‐2040 18,490 18,902 0.06

North Carolina2, 3 2010‐2030 9,535,483 11,576,088 0.97

    Yadkin River Basin 2010‐2030 3,418,431 4,219,846 1.06

Alexander 2010‐2030 37,198 37,276 0.01

Alleghany 2010‐2030 11,155 11,137 ‐0.01

Anson 2010‐2030 26,948 26,425 ‐0.10

Ashe 2010‐2030 27,281 27,649 0.07

Cabarrus 2010‐2030 178,011 237,929 1.46

Caldwell 2010‐2030 83,029 81,667 ‐0.08

Davidson 2010‐2031 162,878 169,749 0.21

Davie 2010‐2030 41,240 43,626 0.28

Forsyth 2010‐2030 350,670 393,805 0.58

Guilford 2010‐2030 488,406 601,279 1.04

Iredell 2010‐2030 159,437 199,982 1.14

Mecklenburg 2010‐2030 919,628 1,360,364 1.98

Montgomery 2010‐2030 27,798 27,489 ‐0.06

Randolph 2010‐2030 141,752 143,669 0.07

Richmond 2010‐2030 46,639 45,593 ‐0.11

Rowan 2010‐2030 138,428 146,442 0.28

Scotland 2010‐2030 36,157 33,904 ‐0.32

Stanly 2010‐2030 60,585 64,565 0.32

Stokes 2010‐2030 47,401 43,614 ‐0.42

Surry 2010‐2030 73,673 73,367 ‐0.02

Union 2010‐2030 201,292 285,500 1.76

Watauga 2010‐2030 51,079 57,214 0.57

Wilkes 2010‐2030 69,340 70,511 0.08

Yadkin 2010‐2030 38,406 37,090 ‐0.17
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Historical Data Years Start Year End Year AGR

US Population History3 1970‐2010 203,302,031 308,745,538 1.05

South Carolina Historical Population3 1970‐2010 2,590,516 4,625,364 1.46

    Yadkin River Basin 1970‐2010 60,818 75,667 0.55

Chesterfield 1970‐2010 33,667 46,734 0.82

Marlboro 1970‐2010 27,151 28,933 0.16

Virginia Historical Population4 1970‐2010 4,648,494 8,001,024 1.37

    Yadkin River Basin 1970‐2010 53,813 64,065 0.44

Carroll 1970‐2010 23,092 30,042 0.66

Grayson 1970‐2010 15,439 15,533 0.02

Patrick 1970‐2010 15,282 18,490 0.48

North Carolina Historical Population3 1970‐2010 5,082,059 9,535,483 1.59

    Yadkin River Basin 1970‐2010 1,768,998 3,418,431 1.66

Alexander 1970‐2010 19,466 37,198 1.63

Alleghany 1970‐2010 8,134 11,155 0.79

Anson 1970‐2010 23,488 26,948 0.34

Ashe 1970‐2010 19,571 27,281 0.83

Cabarrus 1970‐2010 74,629 178,011 2.20

Caldwell 1970‐2010 56,699 83,029 0.96

Davidson 1970‐2010 95,627 162,878 1.34

Davie 1970‐2010 18,855 41,240 1.98

Forsyth 1970‐2010 214,348 350,670 1.24

Guilford 1970‐2010 288,590 488,406 1.32

Iredell 1970‐2010 72,197 159,437 2.00

Mecklenburg 1970‐2010 354,656 919,628 2.41

Montgomery 1970‐2010 19,267 27,798 0.92

Randolph 1970‐2010 76,358 141,752 1.56

Richmond 1970‐2010 39,889 46,639 0.39

Rowan 1970‐2010 90,035 138,428 1.08

Scotland 1970‐2011 26,929 36,157 0.74

Stanly 1970‐2012 42,822 60,585 0.87

Stokes 1970‐2013 23,782 47,401 1.74

Surry 1970‐2014 51,415 73,673 0.90

Union 1970‐2015 54,714 201,292 3.31

Watauga 1970‐2016 23,404 51,079 1.97

Wilkes 1970‐2017 49,524 69,340 0.84

Yadkin 1970‐2010 24,599 38,406 1.12

Sources

4.  Virginia data retrieved online on June 26, 2014 (http://usatoday30.usatoday.com/news/nation/census/profile/VA)
3.  U.S. Census Bereau
2. North Carolina State Office of Budget and Management
1. South Carolina Office of Research and Statistics Health & Demographics webpage
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Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 1)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR

Withdrawals
WWAI‐1 Agriculture/Irrigation‐‐‐‐W. Kerr Scott Reservoir A/I (CGL) n/a 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
NWW‐08a Blue Ridge Tissue Corp‐‐‐‐Patterson Mill IND In‐take Pump ND ND ND 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NWW‐00 New Future Industry‐‐‐‐W. Kerr Scott Reservoir IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NWH‐89 Wilkes County‐‐‐‐Wilkes County WTP (Future) PW/WU n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.8 7.0 7.2 7.4 7.5

Withdrawal Subtotal 2.5 2.5 2.5 2.6 2.6 2.7 2.7 2.7 2.7 2.7 9.5 9.7 9.9 10.1 10.3

Returns
NRW‐08b Blue Ridge Tissue Corp‐‐‐‐Patterson Mill (return) IND Subbasin 03‐07‐01 0.1 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Return Subtotal 0.1 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

W. KERR SCOTT RESERVOIR TOTAL NET WITHDRAWALS 2.4 2.3 2.3 2.5 2.5 2.5 2.5 2.5 2.5 2.5 9.3 9.5 9.7 9.9 10.0



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 1)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

HIGH ROCK LAKE

Withdrawals
HWAI‐2 Agriculture/Irrigation‐‐‐‐High Rock Lake A/I (CGL) n/a 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6
NWH‐40a Louisiana Pacific Corporation‐‐‐‐Lousiana Pacific Corporation IND Yadkin River ND ND 1.4 1.5 1.2 2.1 2.4 2.1 2.2 2.2 2.2 2.2 2.2 2.2 2.2
NWH‐46b Performance Fibers, Inc‐‐‐‐Salisbury Facility IND Second Creek ND ND ND 0.7 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NWH‐74a True Textiles, Inc‐‐‐‐True Elkin, Inc. IND Big Elkin Creek ND ND 1.0 0.8 0.4 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NWH‐00 New Future Industry‐‐‐‐High Rock Lake IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0
NWH‐18a City of King‐‐‐‐City of King WTP PW/WU Yadkin River 1.6 1.7 2.3 1.9 1.7 1.7 1.6 1.7 1.7 1.7 1.7 1.7 1.8 1.8 1.9

NWH‐19c City of Lexington‐‐‐‐Lexington WTP (Lake Thom‐A‐Lex Intake) PW/WU
Abbotts Creek (Reservoir: Lake 
Thom‐A‐Lex)

3.9 3.3 3.2 2.9 2.7 2.7 2.8 2.6 2.7 2.8 3.0 3.1 3.2 3.4 3.5

NWH‐21a City of Mount Airy‐‐‐‐F. G. Doggett WTP PW/WU Stewarts Creek 3.9 2.6 2.2 1.6 1.6 1.7 1.8 2.6 2.0 2.0 2.0 2.1 2.2 2.2 2.3
NWH‐21c City of Mount Airy‐‐‐‐S. L. Spencer WTP PW/WU Lovills Creek 1.1 0.8 0.6 0.5 0.5 0.5 0.5 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.7
NWH‐22a City of Salisbury‐‐‐‐Salisbury WTP PW/WU Yadkin/South Yadkin 8.0 6.2 7.7 7.4 7.8 8.2 8.4 8.7 8.5 8.7 9.0 9.7 10.4 11.2 12.1
NWH‐23a City of Statesville‐‐‐‐City of Statesville WTP (S. Yadkin River intake) PW/WU South Yadkin River 5.2 3.9 4.1 3.4 3.1 3.3 3.2 3.1 3.2 3.9 5.0 5.4 5.8 6.3 6.8

NWH‐24a City of Thomasville‐‐‐‐City of Thomasville WTP PW/WU
Abbots Creek (Reservoir: Lake 
Thom‐A‐Lex)

3.2 2.6 3.0 ND 2.5 2.7 2.4 2.5 2.5 2.6 2.6 2.7 2.9 2.9 3.0

NWH‐25e City of Winston‐Salem‐‐‐‐P. W. Swann WTP PW/WU
Yadkin River @ Swann RWPS 
(Reservoir: W. Kerr Scott)

13.1 13.6 12.1 11.4 11.0 11.2 11.3 11.1 11.2 11.9 13.0 14.6 15.3 16.1 17.2

NWH‐25f City of Winston‐Salem‐‐‐‐R. W. Neilson WTP / R. A. Thomas WTP PW/WU
Yadkin River @ Idols RWPS 
(Reservoir: W. Kerr‐Scott)

31.5 32.7 29.0 27.4 26.4 26.8 27.1 26.7 26.9 28.5 31.3 35.1 36.6 38.7 41.3

NWH‐27a Davidson Water Inc‐‐‐‐C. O. Pickle WP PW/WU Yadkin River 9.2 10.1 11.8 11.3 10.8 11.3 10.2 9.9 10.5 10.6 10.7 11.0 11.2 11.5 11.8
NWH‐28a Davie County‐‐‐‐Cooleemee WTP PW/WU S. Yadkin 0.9 1.1 1.2 1.0 1.2 1.1 1.1 1.2 1.1 1.1 1.1 1.2 1.2 1.3 1.3
NWH‐28b Davie County‐‐‐‐Sparks Road WTP PW/WU Yadkin 1.2 1.6 1.7 1.4 1.6 1.5 1.6 1.6 1.6 1.6 1.6 1.7 1.7 1.8 1.8
NWH‐63 Town of Elkin‐‐‐‐Elkin Municipal WTP PW/WU Elkin Creek (Reservoir: Elkin) 1.4 1.1 0.9 0.9 0.8 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.8 0.8 0.8
NWH‐64 Town of Jonesville‐‐‐‐Jonesville WP PW/WU Yadkin River 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NWH‐65a Town of Mocksville‐‐‐‐Hugh A. Lagle WTP PW/WU Hunting Creek 0.8 0.8 0.9 ND ND 0.9 0.8 ND 0.9 0.9 0.9 0.9 0.9 1.0 1.0
NWH‐68a Town of North Wilkesboro‐‐‐‐North Wilkesboro WP PW/WU Reddies River 2.9 2.7 3.0 2.6 2.4 2.5 2.6 2.7 2.6 2.6 0.0 0.0 0.0 0.0 0.0
NWH‐70a Town of Pilot Mountain‐‐‐‐Pilot Mountain WTP PW/WU Toms Creek 0.9 0.4 0.3 0.2 0.2 0.2 0.3 0.3 0.2 0.3 0.3 0.3 0.3 0.3 0.3
NWH‐72b Town of Wilkesboro‐‐‐‐Wilkesboro WFP PW/WU Yadkin River 3.8 4.6 4.5 4.4 4.3 4.2 4.0 4.1 4.1 4.1 0.0 0.0 0.0 0.0 0.0

NWH‐73a Town of Yadkinville‐‐‐‐Yadkinville WTP PW/WU
South Deep Creek (Reservoir: 
Town of  Yadkinville)

1.0 0.9 0.9 0.9 0.7 0.9 0.9 0.8 0.8 0.8 0.9 0.9 0.9 0.9 0.9

NWH‐87 Energy United Water‐‐‐‐Energy United Water WTP PW/WU South Yadkin River 0.8 1.5 1.4 1.8 1.6 1.6 1.7 1.7 1.7 1.7 1.7 1.7 1.8 1.8 1.9
NNH‐30a Duke Energy Carolinas, LLC‐‐‐‐Buck Steam Station TEP Yadkin River/High Rock Lake 1.8 1.8 2.0 1.5 0.5 1.2 0.7 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NNH‐30b Duke Energy Carolinas, LLC‐‐‐‐Buck Combined Cycle Station TEP Yadkin River/High Rock Lake 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ND 0.3 2.5 2.5 2.5 2.5 2.5 2.5

NNH‐30d Duke Energy Carolinas, LLC‐‐‐‐Additional Combined Cycle Station #1 TEP
Yadkin River/High Rock Lake 
(upstream tributary)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 2.5 2.5 2.5 2.5

NNH‐30e Duke Energy Carolinas, LLC‐‐‐‐Additional Combined Cycle Station #2 TEP Yadkin River/High Rock Lake 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 2.5

Withdrawal Subtotal 120.1 118.1 119.3 109.5 107.4 111.8 110.5 109.4 110.4 116.2 118.7 126.0 130.3 137.8 143.8

Returns
NRH‐01 Allegheny Technologies, Inc‐‐‐‐ATI Allvac Monroe Plant IND Subbasin 03‐07‐14 0.2 0.1 0.1 0.2 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐40b Louisiana Pacific Corporation‐‐‐‐LP Roaring River WWTP IND Subbasin 03‐07‐01 0.9 0.9 1.2 1.4 1.3 1.4 1.2 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3

NRH‐45
P P G Industries Fiber Glass Products, Inc‐‐‐‐PPG Industries Fiber Glass 
Products

IND Subbasin 03‐07‐04 0.4 0.3 0.4 0.4 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

NRH‐46a Performance Fibers, Inc‐‐‐‐Salisbury Facility IND Subbasin 03‐07‐06 1.6 1.0 0.4 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NRH‐74b True Textiles, Inc‐‐‐‐304 East Main Street Plant IND Subbasin 03‐07‐02 1.6 0.7 0.9 0.5 0.3 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐75 Tyson Foods, Inc‐‐‐‐Harmony Plant IND Subbasin 03‐07‐06 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.3
NRH‐78 Wayne Farms LLC Bruckie Ashburn‐‐‐‐Dobson Plant IND Subbasin 03‐07‐02 0.5 0.6 0.4 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NRH‐85 Norfolk Southern Railway Company‐‐‐‐Linwood Yard IND Subbasin 03‐07‐04 0.1 0.1 0.2 0.2 0.2 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRH‐16 City of High Point‐‐‐‐Westside WWTP PW/WU Subbasin 03‐07‐07 3.4 4.0 3.7 3.6 3.6 3.5 4.1 2.8 3.5 3.6 3.7 4.1 4.5 4.9 5.3
NRH‐18b City of King‐‐‐‐City of King WTP PW/WU Subbasin 03‐07‐02 ND ND ND ND ND 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐19a City of Lexington‐‐‐‐Lexington Regional WWTP PW/WU Subbasin 03‐07‐07 3.5 3.1 2.5 2.3 3.0 3.2 2.9 2.6 2.9 3.0 3.2 3.3 3.4 3.6 3.7
NRH‐19b City of Lexington‐‐‐‐Lexington WTP #1 & 2 PW/WU Subbasin 03‐07‐07 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.5 0.5 0.5 0.5 0.6 0.6 0.6
NRH‐21b City of Mount Airy‐‐‐‐Mount Airy WWTP PW/WU Subbasin 03‐07‐03 5.0 3.2 2.0 1.5 1.6 2.1 2.1 1.7 2.0 2.0 2.0 2.1 2.1 2.2 2.2
NRH‐22b City of Salisbury‐‐‐‐Salisbury‐Rowan WWTP PW/WU Subbasin 03‐07‐04 4.5 6.8 7.3 7.2 7.8 7.7 7.1 6.3 7.0 7.2 7.5 8.0 8.7 9.3 10.1
NRH‐23b City of Statesville‐‐‐‐Fourth Creek WWTP PW/WU Subbasin 03‐07‐06 3.0 2.6 3.0 3.0 3.2 3.2 2.5 2.1 2.6 3.1 4.0 4.4 4.7 5.1 5.6
NRH‐23c City of Statesville‐‐‐‐Third Creek WWTP PW/WU Subbasin 03‐07‐06 2.0 1.3 1.4 1.2 1.3 1.5 0.9 0.8 1.1 1.4 1.7 1.9 2.0 2.2 2.4
NRH‐24b City of Thomasville‐‐‐‐Hamby Creek WWTP PW/WU Subbasin 03‐07‐07 3.0 2.7 2.7 2.5 2.4 2.5 2.2 2.1 2.3 2.3 2.3 2.4 2.6 2.6 2.7
NRH‐25a City of Winston‐Salem‐‐‐‐Archie Elledge WWTP PW/WU Subbasin 03‐07‐04 21.1 18.4 18.0 17.0 17.6 17.6 15.7 14.8 16.0 17.4 19.0 21.4 22.3 23.6 25.1
NRH‐25b City of Winston‐Salem‐‐‐‐Muddy Creek WWTP PW/WU Subbasin 03‐07‐04 13.1 14.6 15.5 14.4 14.9 15.9 15.1 15.3 15.5 15.5 17.0 19.0 19.9 21.0 22.4
NRH‐25c City of Winston‐Salem‐‐‐‐P. W. Swann WTP PW/WU Subbasin 03‐07‐02 ND ND 0.4 0.4 0.4 0.5 0.4 0.4 0.4 0.5 0.5 0.6 0.6 0.6 0.7
NRH‐25d City of Winston‐Salem‐‐‐‐R. A. Thomas WTP PW/WU Subbasin 03‐07‐04 0.8 0.8 0.7 0.6 ND ND 1.5 0.3 0.9 0.9 1.0 1.2 1.2 1.3 1.4
NRH‐27b Davidson Water Inc‐‐‐‐Davidson Water WTP PW/WU Subbasin 03‐07‐04 0.2 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NRH‐28c Davie County‐‐‐‐Sparks Road WTP PW/WU Subbasin 03‐07‐02 ND ND 0.1 0.1 0.2 0.2 1.1 1.5 0.9 0.9 0.9 1.0 1.0 1.0 1.0
NRH‐28d Davie County‐‐‐‐Cooleemee WWTP PW/WU Subbasin 03‐07‐06 0.9 0.6 0.4 0.5 0.5 0.6 0.5 0.5 0.6 0.6 0.6 0.6 0.6 0.6 0.7
NRH‐58 Town of Bermuda Run‐‐‐‐Bermuda Run WWTP PW/WU Subbasin 03‐07‐02 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐60 Town of Boonville‐‐‐‐Boonville WWTP PW/WU Subbasin 03‐07‐02 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐62 Town of Dobson‐‐‐‐Dobson WWTP PW/WU Subbasin 03‐07‐02 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRH‐65b Town of Mocksville‐‐‐‐Bear Creek WWTP PW/WU Subbasin 03‐07‐06 0.2 0.2 0.2 0.2 ND ND ND ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NRH‐65c Town of Mocksville‐‐‐‐Dutchman Creek WWTP PW/WU Subbasin 03‐07‐05 0.4 0.5 0.5 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.5 0.5
NRH‐68b Town of North Wilkesboro‐‐‐‐Thurman Street WWTP PW/WU Subbasin 03‐07‐01 0.9 0.8 0.7 0.6 0.8 0.7 0.8 0.9 0.8 0.8 0.8 0.8 0.9 0.9 0.9
NRH‐70b Town of Pilot Mountain‐‐‐‐Pilot Mountain WTP PW/WU Subbasin 03‐07‐03 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 1)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

NRH‐70c Town of Pilot Mountain‐‐‐‐Pilot Mountain WWTP PW/WU Subbasin 03‐07‐03 0.8 0.4 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRH‐72a Town of Wilkesboro‐‐‐‐Cub Creek WWTP PW/WU Subbasin 03‐07‐01 3.2 3.4 3.1 2.7 3.1 3.5 3.6 3.7 3.6 3.6 3.7 3.7 3.8 3.9 4.0
NRH‐73b Town of Yadkinville‐‐‐‐Yadkinville WWTP PW/WU Subbasin 03‐07‐02 0.7 0.6 0.7 0.7 0.7 0.8 0.8 0.7 0.8 0.8 0.8 0.8 0.8 0.8 0.8

NRH‐81
Yadkin Valley Sewer Authority, Inc‐‐‐‐Yadkin Valley Sewer Authority 
WWTP

PW/WU Subbasin 03‐07‐02 0.9 0.7 0.5 0.6 0.6 0.5 0.7 0.7 0.6 0.6 0.6 0.6 0.6 0.7 0.7

NRH‐86 Town of Cleveland‐‐‐‐Cleveland WWTP PW/WU Subbasin 03‐07‐06 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Return Subtotal 73.8 70.1 68.8 64.7 66.9 69.1 67.1 62.4 66.7 69.5 74.9 81.4 85.4 90.1 95.6

HIGH ROCK LAKE TOTAL NET WITHDRAWALS 46.3 47.9 50.6 44.8 40.6 42.7 43.4 47.0 43.7 46.7 43.8 44.6 44.9 47.7 48.1

TUCKERTOWN RESERVOIR

Withdrawals
TWAI‐3 Agriculture/Irrigation‐‐‐‐Tuckertown Reservoir A/I (CGL) n/a 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
NWT‐00 New Future Industry‐‐‐‐Tuckertown Reservoir IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

NWT‐14b City of Albemarle‐‐‐‐Tuckertown WTP PW/WU
Yadkin River (Reservoir: 
Tuckertown)

3.0 3.3 2.4 2.6 2.2 2.4 ND 2.4 2.4 3.9 4.2 4.4 5.8 5.9 6.0

NWT‐61a Town of Denton‐‐‐‐Denton WP PW/WU
Yadkin River (Reservoir: 
Tuckertown Reservoir)

0.9 1.4 1.4 ND 1.3 1.3 1.2 1.2 1.2 1.2 1.3 1.3 1.3 1.3 1.4

Withdrawal Subtotal 4.4 5.2 4.3 3.1 4.0 4.2 1.7 4.1 4.1 5.6 6.5 6.7 8.1 8.3 8.4

Returns
NRT‐14c City of Albemarle‐‐‐‐Tuckertown WTP PW/WU Subbasin 03‐07‐08 0.0 0.0 0.0 0.0 0.0 0.2 0.1 0.1 0.2 0.3 0.3 0.3 0.4 0.4 0.4
NRT‐61b Town of Denton‐‐‐‐Denton WWTP PW/WU Subbasin 03‐07‐08 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.5

Return Subtotal 0.4 0.4 0.4 0.4 0.5 0.6 0.5 0.5 0.6 0.7 0.7 0.7 0.8 0.8 0.8

TUCKERTOWN RESERVOIR TOTAL NET WITHDRAWALS 4.0 4.8 3.9 2.7 3.5 3.6 1.2 3.6 3.6 5.0 5.8 6.0 7.3 7.4 7.6



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 1)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

NARROWS RESERVOIR (BADIN LAKE)

Withdrawals
NWAI‐4 Agriculture/Irrigation‐‐‐‐Narrows Reservoir (Badin Lake) A/I (CGL) n/a 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NWN‐00 New Future Industry‐‐‐‐Narrows Reservoir (Badin Lake) IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

NWN‐14d City of Albemarle‐‐‐‐US 52 HWY WTP PW/WU
Yadkin River at Narrows 
(Reservoir: Narrows (Badin Lake))

3.8 4.2 3.1 3.3 2.8 3.1 ND 3.0 3.0 5.4 6.7 7.3 10.0 10.8 11.4

Withdrawal Subtotal 4.0 4.5 3.3 3.5 3.0 3.3 0.2 3.2 3.3 5.7 7.5 8.1 10.7 11.5 12.1

Returns
NRN‐02 Aluminum Company Of America‐‐‐‐Badin Works IND Subbasin 03‐07‐08 0.6 0.3 0.1 0.3 0.3 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Return Subtotal 0.6 0.3 0.1 0.3 0.3 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

NARROWS RESERVOIR (BADIN LAKE) TOTAL NET WITHDRAWALS 3.5 4.2 3.2 3.3 2.7 3.1 0.1 3.1 3.1 5.5 7.3 7.9 10.6 11.4 12.0

FALLS RESERVOIR

Withdrawals
FWAI‐5 Agriculture/Irrigation‐‐‐‐Falls Reservoir A/I (CGL) n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NWF‐00 New Future Industry‐‐‐‐Falls Reservoir IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

Withdrawal Subtotal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

Returns

None None None ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

None None None ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

None None None ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

Return Subtotal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

FALLS RESERVOIR TOTAL NET WITHDRAWALS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 1)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

LAKE TILLERY

Withdrawals
LWAI‐6 Agriculture/Irrigation‐‐‐‐Lake Tillery A/I (CGL) n/a 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8
NWL‐00 New Future Industry‐‐‐‐Lake Tillery IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0

NWB‐76e
Union County Public Works‐‐‐‐Planned Yadkin River Water Intake 
(Future)

PW/WU n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.1 11.8 16.5 18.8

NWL‐05b Asheboro‐‐‐‐W. L. Brown Jr WTP (Lake Lucas intake) PW/WU Back Creek (Reservoir: Lake Lucas) 1.7 1.8 1.9 1.8 1.5 1.6 1.6 1.6 1.6 2.1 2.9 3.3 3.6 4.1 4.5

NWL‐05c Asheboro‐‐‐‐W. L. Brown Jr WTP (Lake Reese intake) PW/WU Uwharrie (Reservoir: Lake Reese) 3.1 3.3 3.3 3.1 2.7 2.8 2.8 2.8 2.8 3.7 5.1 5.8 6.3 7.2 7.9

NWL‐42 Montgomery County‐‐‐‐Montgomery County WTP PW/WU
LAKE TILLERY (Reservoir: Lake 
Tillery)

2.5 3.1 3.5 3.9 3.0 2.4 2.1 2.2 2.2 2.3 2.3 2.3 2.4 2.5 2.5

NWL‐69a Town of Norwood‐‐‐‐Norwood WTP PW/WU
Yadkin River (Reservoir: Lake 
Tillery)

0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.4 0.4 0.5 0.5 0.5 0.5 0.5 0.5

NNH‐30g Duke Energy Carolinas, LLC‐‐‐‐Additional Nuclear Plant #2 TEP
Yadkin River (Reservoir: Lake 
Tillery)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 32.2 32.2

Withdrawal Subtotal 10.6 11.4 11.9 12.0 10.5 10.0 9.7 9.8 9.9 11.3 14.6 22.8 28.4 66.7 70.2

Returns
NRL‐34 Greater Badin Water & Sewer District‐‐‐‐Badin WWTP PW/WU Subbasin 03‐07‐08 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Return Subtotal 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

LAKE TILLERY TOTAL NET WITHDRAWALS 10.1 10.9 11.7 11.7 10.2 9.7 9.4 9.5 9.6 11.0 14.3 22.5 28.0 66.4 69.9

BLEWETT FALLS LAKE

Withdrawals
BWAI‐7 Agriculture/Irrigation‐‐‐‐Blewett Falls Lake A/I (CGL) n/a 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5

NWB‐35b Hedrick Industries‐‐‐‐Aquadale Quarry (Pump 1 ‐ Fresh Water Pond) IND Pump 1 ‐ Fresh Water Pond ND ND ND 0.4 0.2 0.3 0.4 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4

NWB‐35c Hedrick Industries‐‐‐‐Aquadale Quarry (Pump 2 ‐ Cement Pond) IND Pump 2 ‐ Cement Pond ND ND ND 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NWB‐55 Teledyne Allvac‐‐‐‐Monroe Plant IND Lower Pond ND ND ND ND 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
NWB‐56 The Fork, LLC‐‐‐‐The Fork, LLC IND Rocky River ND ND 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
NWB‐00 New Future Industry‐‐‐‐Blewett Falls Lake IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0

NWB‐03a Anson County‐‐‐‐Anson County Filtration Plant PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

5.5 6.0 6.0 5.4 5.7 6.6 6.8 5.7 4.6 4.6 4.7 4.8 4.9 5.0 5.2

NWB‐03b
Anson County‐‐‐‐Anson County Filtration Plant (treated wholesale to 
UCPW)

PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.8 2.4 2.4 0.0 0.0 0.0 0.0

NWB‐03c Anson County‐‐‐‐Anson County Filtration Plant (raw wholesale to UCPW) PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

NWB‐15a City of Concord‐‐‐‐Coddle Creek WTP PW/WU
Coddle Creek (Reservoir: Lake Don 
T. Howell)

6.8 7.8 9.6 ND 8.0 8.0 8.0 8.0 8.0 7.3 8.3 8.5 9.1 12.2 14.1

NWB‐15d City of Concord‐‐‐‐Hillgrove WTP (Lake Fisher intake) PW/WU
Cold Water Creek (Reservoir: Lake 
Fisher)

2.1 2.4 2.9 ND 2.5 2.5 2.5 2.5 2.5 2.3 2.5 2.6 2.8 3.8 4.3

NWB‐17a City of Kannapolis‐‐‐‐City of Kannapolis WTP PW/WU
Irish Buffalo Creek (Reservoir: 
Kannapolis Lake)

6.5 5.4 7.8 5.4 7.6 3.8 4.9 3.4 4.1 3.2 3.7 3.7 4.0 5.4 6.2

NWB‐17c
City of Kannapolis‐‐‐‐City of Kannapolis WTP (supplemental intake ‐ Lake 
Howell)

PW/WU
Coddle Creek (Reservoir: Lake 
Howell)

0.7 0.6 0.9 0.6 0.9 0.4 0.6 0.4 0.5 0.4 0.4 0.4 0.5 0.6 0.7

NWB‐20a City of Monroe‐‐‐‐John Glenn WTP PW/WU
Stewarts Creek (Reservoir: Lake 
Twitty)

7.0 6.9 6.2 ND 5.7 6.0 6.2 5.9 6.0 6.4 7.0 8.3 9.9 11.7 13.9

NWB‐77a Water and Sewer Authority of Cabarrus County‐‐‐‐Mt. Pleasant WTF PW/WU Dutch Buffalo Creek 0.3 0.3 0.3 0.2 0.2 0.3 0.3 0.2 0.3 0.3 0.3 0.4 0.4 0.5 0.5

NWB‐88 Richmond County‐‐‐‐Richmond County WTP PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

3.7 3.2 3.9 3.3 2.7 3.0 3.7 ND 3.4 3.4 3.4 3.5 3.6 3.7 3.8

NNB‐30c Duke Energy Carolinas, LLC‐‐‐‐Smith Energy Complex TEP n/a 0.0 ND 0.8 0.9 1.2 1.7 3.3 4.2 4.2 6.0 6.0 6.0 6.0 6.0 6.0

NNH‐30f Duke Energy Carolinas, LLC‐‐‐‐Additional Nuclear Plant #1 TEP
Pee Dee River (Reservoir: Blewett 
Falls Lake)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 32.2 32.2

Withdrawal Subtotal 44.0 44.1 50.2 28.1 48.7 46.5 50.5 44.7 49.5 50.5 53.9 53.5 56.5 96.4 102.2



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 1)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

Returns
NRB‐35a Hedrick Industries‐‐‐‐Aquadale Quarry IND Subbasin 03‐07‐13 1.2 ND 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
NRB‐83 Carolina Stalite Company‐‐‐‐Carolina Stalite Company IND Subbasin 03‐07‐13 0.8 0.5 0.5 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRB‐13 Charlotte Mecklenburg Utility Department‐‐‐‐Mallard Creek WWTP PW/WU Subbasin 03‐07‐11 5.1 5.5 7.8 7.5 8.2 7.9 8.4 7.9 8.1 8.6 9.6 11.4 13.6 16.3 19.4
NRB‐14a City of Albemarle‐‐‐‐Long Creek WWTP PW/WU Subbasin 03‐07‐13 8.1 9.1 7.4 5.5 6.1 5.7 5.3 5.0 5.3 5.7 6.4 6.8 6.9 7.2 7.4
NRB‐15b City of Concord‐‐‐‐Coddle Creek WTP PW/WU Subbasin 03‐07‐11 0.4 1.0 0.2 0.1 0.3 0.4 0.4 0.3 0.4 0.3 0.4 0.4 0.4 0.5 0.6
NRB‐17b City of Kannapolis‐‐‐‐City of Kannapolis WTP PW/WU Subbasin 03‐07‐12 0.6 0.2 0.4 0.3 0.3 0.3 0.3 0.2 0.3 0.2 0.3 0.3 0.3 0.4 0.4
NRB‐20b City of Monroe‐‐‐‐John Glenn WTP PW/WU Subbasin 03‐07‐14 0.4 0.3 0.8 0.8 0.8 0.7 0.7 0.8 0.7 0.8 0.9 1.0 1.2 1.4 1.7
NRB‐20c City of Monroe‐‐‐‐Monroe WWTP PW/WU Subbasin 03‐07‐14 7.1 6.6 6.5 6.4 6.4 6.4 5.8 6.0 6.1 6.4 7.0 8.3 9.9 11.8 14.0
NRB‐20d City of Monroe‐‐‐‐Monroe WWTP (allotment to Union County) PW/WU Subbasin 03‐07‐14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2 1.5 2.1 3.4 4.7 6.6 7.6
NRB‐52 Stanly County‐‐‐‐West Stanly WWTP PW/WU Subbasin 03‐07‐14 0.4 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.5
NRB‐59 Town of Biscoe‐‐‐‐Biscoe WWTP PW/WU Subbasin 03‐07‐15 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRB‐66 Town of Mooresville‐‐‐‐Rocky River WWTP (Town of Mooresville) PW/WU Subbasin 03‐07‐11 3.0 2.5 2.9 3.0 3.2 3.4 3.3 3.4 3.4 3.5 3.7 4.2 4.6 5.2 5.8
NRB‐67 Town of Mount Gilead‐‐‐‐Mount Gilead WWTP PW/WU Subbasin 03‐07‐10 0.4 0.4 0.4 0.3 0.1 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRB‐69b Town of Norwood‐‐‐‐Norwood WWTP PW/WU Subbasin 03‐07‐14 0.5 0.4 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRB‐71 Town of Troy‐‐‐‐Troy WWTP PW/WU Subbasin 03‐07‐15 0.6 0.6 0.5 0.4 0.4 0.4 0.4 0.5 0.4 0.4 0.5 0.5 0.5 0.5 0.5
NRB‐76a Union County Public Works‐‐‐‐Crooked Creek WWTP #2 PW/WU Subbasin 03‐07‐12 1.1 1.2 1.3 1.1 1.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

NRB‐76a(F) Union County Public Works‐‐‐‐Crooked Creek WWTP #2 (Future) PW/WU Subbasin 03‐07‐12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.1 1.5 1.5 1.5 1.5 1.5
NRB‐76b Union County Public Works‐‐‐‐Hunley Creek WWTP PW/WU Subbasin 03‐07‐12 0.1 0.2 ND ND ND ND ND ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NRB‐76c Union County Public Works‐‐‐‐Grassy Branch WWTP PW/WU Subbasin 03‐07‐12 ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1
NRB‐76d Union County Public Works‐‐‐‐Tallwood Estates WWTP PW/WU Subbasin 03‐07‐12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1

NRB‐77c
Water and Sewer Authority of Cabarrus County‐‐‐‐Rocky River WWTP 
(WSACC)

PW/WU Subbasin 03‐07‐12 17.1 14.6 14.7 14.3 14.7 14.4 14.2 13.9 14.2 14.9 16.1 18.4 21.1 24.1 27.7

NRB‐84 City of Charlotte‐‐‐‐Cabarrus Woods WWTP PW/WU Subbasin 03‐07‐11 0.3 0.4 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.5 0.5 0.6 0.6 0.7 0.8
NRB‐04 Aqua North Carolina, Inc‐‐‐‐Country Wood WWTP PW/WU (D) Subbasin 03‐07‐12 0.0 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.4 0.4 0.5
NRB‐09 Bradfield Farms Water Company‐‐‐‐Bradfield Farms WWTP PW/WU (D) Subbasin 03‐07‐11 0.1 0.1 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.5 0.5 0.7

NRB‐11 Carolina Water Service Inc of North Carolina‐‐‐‐Hemby Acres WWTP PW/WU (D) Subbasin 03‐07‐12 0.1 0.1 0.1 0.5 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2

Return Subtotal 47.9 44.5 45.3 42.4 44.0 43.2 42.4 41.6 43.6 46.1 51.0 59.1 68.0 79.0 90.5

BLEWETT FALLS LAKE TOTAL NET WITHDRAWALS ‐3.9 ‐0.4 4.9 ‐14.3 4.7 3.3 8.1 3.1 5.9 4.4 2.8 ‐5.6 ‐11.6 17.4 11.7

DOWNSTREAM OF BLEWETT FALLS LAKE (NC)

Withdrawals
DWAI‐8 Agriculture/Irrigation‐‐‐‐Downstream of Blewett Falls Lake (NC) A/I (CGL) n/a 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
NWD‐00 New Future Industry‐‐‐‐Downstream of Blewett Falls Lake (NC) IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0
NWD‐94a B.V. Hedrick Gravel And Sand Co.‐‐‐‐Hedrick Mine (Pump House ‐ 1) IND Pump House ‐ 1 ND ND ND 1.7 2.1 2.1 1.8 0.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
NWD‐94b B.V. Hedrick Gravel And Sand Co.‐‐‐‐Hedrick Mine (Pump House ‐ 3) IND Pump House ‐ 3 ND ND ND 1.7 2.1 2.0 1.8 0.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
NWD‐94c B.V. Hedrick Gravel And Sand Co.‐‐‐‐Hedrick Mine (Pump House ‐ 4) IND Pump House ‐ 4 ND ND ND 1.7 2.1 2.1 1.8 0.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4

NWD‐91a City of Hamlet‐‐‐‐Hamlet WTP PW/WU
Hamlet Water System (Reservoir: 
Hamlet Water Lake)

1.4 1.5 1.2 1.1 1.1 1.2 1.1 1.2 1.2 1.2 1.2 1.2 1.3 1.3 1.3

NWD‐90b City of Rockingham‐‐‐‐Rockingham WTP (City Pond intake) PW/WU City Pond (Reservoir: City Pond) 1.1 0.8 1.1 0.9 0.9 0.8 1.0 1.1 1.0 1.0 1.0 1.0 1.0 1.1 1.1

NWD‐90c City of Rockingham‐‐‐‐Rockingham WTP (Roberdel Lake intake) PW/WU
Roberdel Lake (Reservoir: 
Roberdel Lake)

2.1 1.6 2.1 1.8 1.7 1.7 2.0 2.2 2.0 2.0 2.0 2.0 2.1 2.1 2.2

NWD‐93 Town of Wadesboro‐‐‐‐Town of Wadesboro WTP PW/WU Jones Creek (Reservoir: City Pond) 1.4 0.9 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.9 0.9 0.9

Withdrawal Subtotal 8.0 6.8 7.2 11.7 12.8 12.7 12.4 8.4 11.2 11.2 12.3 12.4 12.5 12.6 12.8

Returns
NRD‐03d Anson County‐‐‐‐Anson County Regional WWTP PW/WU Subbasin 03‐07‐16 2.4 1.1 1.3 1.4 1.3 1.4 1.2 1.4 1.3 1.3 1.4 1.4 1.4 1.5 1.5
NRD‐03e Anson County‐‐‐‐Anson County Filtration Plant PW/WU Subbasin 03‐07‐16 0.6 0.6 0.7 0.7 0.7 0.5 0.5 0.6 0.5 0.5 0.5 0.5 0.6 0.6 0.6
NRD‐92 Burlington Industries LLC‐‐‐‐Richmond Plant IND Subbasin 03‐07‐16 0.5 0.5 0.3 0.3 0.2 0.3 0.3 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3
NRD‐91b City of Hamlet‐‐‐‐Hamlet WWTP PW/WU Subbasin 03‐07‐16 0.7 0.8 0.7 0.8 0.7 0.8 0.7 0.6 0.7 0.7 0.7 0.7 0.7 0.8 0.8
NRD‐90a City of Rockingham‐‐‐‐Rockingham WWTP PW/WU Subbasin 03‐07‐16 4.8 4.3 3.8 4.1 3.1 2.7 2.4 3.0 2.7 2.7 2.8 2.8 2.9 3.0 3.1
NRD‐88b Richmond County‐‐‐‐Richmond County WTP PW/WU Subbasin 03‐07‐16 0.1 0.2 0.3 0.3 0.4 0.4 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Return Subtotal 9.1 7.5 7.0 7.5 6.3 6.0 5.3 6.0 5.8 5.8 5.9 6.0 6.2 6.3 6.5

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) TOTAL NET WITHDRAWALS ‐1.1 ‐0.7 0.2 4.2 6.4 6.7 7.1 2.4 5.4 5.4 6.4 6.4 6.3 6.3 6.3

GRAND TOTAL (ALL BASINS)
WITHDRAWALS 185.6 185.7 191.7 158.8 176.3 178.5 175.3 174.0 179.8 192.0 211.2 227.3 244.3 331.3 347.5

RETURNS 123.2 115.9 115.0 108.3 112.1 113.6 110.7 105.1 111.5 116.9 127.3 141.9 154.9 170.6 187.7

NET WITHDRAWALS 62.4 69.8 76.6 50.6 64.2 65.0 64.6 68.9 68.3 75.1 83.9 85.4 89.5 160.7 159.8



Projected Net Withdrawals by Month (mgd) (Alternative 1)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Public Water/Wastewater Utilities

Base 20.23 1.50 0.93 ‐6.20 8.74 23.81 40.24 44.94 42.76 36.83 29.16 15.69 3.40

2015 22.96 3.20 2.52 ‐4.90 10.87 26.82 44.06 48.79 46.53 40.51 32.28 18.35 5.44

2020 24.82 3.30 2.58 ‐5.40 11.67 28.91 47.70 52.82 50.43 43.92 35.03 19.92 5.80

2030 26.30 1.64 0.86 ‐7.73 11.82 31.49 52.19 57.95 54.94 47.81 37.95 20.73 4.75

2040 30.35 3.01 1.93 ‐7.18 14.67 36.75 58.96 65.12 61.47 54.04 43.33 24.40 6.47

2050 34.77 4.25 2.77 ‐6.90 17.66 42.48 66.62 73.46 69.11 61.00 49.46 28.14 7.80

2060 33.86 0.51 ‐1.22 ‐11.61 15.45 42.51 68.44 75.99 70.97 62.36 50.12 26.84 4.40

Industrial

Base 5.84 5.41 5.49 5.41 5.49 5.45 5.60 5.70 5.53 5.78 7.25 7.15 5.68

2015 5.83 5.40 5.48 5.41 5.49 5.45 5.59 5.69 5.53 5.77 7.25 7.14 5.67

2020 11.32 10.89 10.97 10.90 10.98 10.94 11.09 11.18 11.02 11.26 12.74 12.63 11.16

2030 11.30 10.87 10.95 10.88 10.96 10.92 11.07 11.16 11.00 11.24 12.71 12.61 11.14

2040 11.28 10.84 10.92 10.86 10.94 10.90 11.04 11.14 10.98 11.22 12.69 12.59 11.12

2050 11.25 10.81 10.90 10.83 10.92 10.87 11.02 11.12 10.96 11.19 12.66 12.56 11.09

2060 11.23 10.78 10.86 10.80 10.89 10.84 10.99 11.09 10.93 11.17 12.63 12.53 11.06

Agriculture/Irrigation

Base 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2015 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2020 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2030 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2040 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2050 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2060 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

Power

Base 4.44 3.75 4.93 4.72 4.05 4.27 4.82 6.31 5.59 4.27 2.82 3.47 4.24

2015 8.49 8.27 8.50 8.48 8.51 8.55 8.75 8.87 8.89 8.73 8.40 8.04 7.89

2020 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2030 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2040 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2050 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

2060 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

Total

Base 73.68 12.50 14.32 14.92 46.51 88.39 150.89 181.35 156.76 106.79 62.57 32.53 15.62

2015 80.46 18.72 19.48 19.98 53.10 95.68 158.64 187.76 163.82 114.92 71.27 39.75 21.30

2020 90.30 26.58 27.53 27.44 61.90 105.81 170.52 200.15 176.10 126.55 81.91 48.85 29.05

2030 91.76 24.89 25.79 25.10 62.03 108.36 174.99 205.25 180.59 130.41 84.80 49.64 27.97

2040 95.79 26.24 26.83 25.62 64.86 113.60 181.73 212.40 187.09 136.62 90.16 53.29 29.67

2050 167.00 99.80 96.90 88.46 128.57 180.62 259.19 294.51 268.43 211.13 159.54 119.15 96.19

2060 166.06 96.02 92.88 83.73 126.34 180.62 260.99 297.01 270.27 212.46 160.16 117.82 92.76

Year

Annual 

Average

Month



Projected Withdrawals by Month (mgd) (Alternative 1)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Public Water/Wastewater Utilities

Base 133.37 124.27 122.00 121.49 126.39 136.71 149.28 148.91 149.80 143.65 134.49 123.73 119.08

2015 141.48 131.77 129.41 128.89 134.09 145.09 158.30 157.72 158.68 152.48 142.59 131.49 126.56

2020 153.79 143.25 140.70 140.21 145.75 157.61 171.97 171.30 172.48 165.80 155.07 143.03 137.57

2030 170.03 157.62 154.82 154.49 161.19 174.83 190.63 189.99 191.05 183.65 171.72 157.94 151.63

2040 187.19 173.17 170.01 169.83 177.57 193.04 210.00 209.23 210.11 202.27 189.24 174.07 166.84

2050 207.44 191.56 187.91 187.99 196.90 214.40 232.86 232.17 232.93 224.25 210.07 192.87 184.47

2060 223.77 206.49 202.49 202.74 212.49 231.47 251.24 250.58 251.32 241.95 226.73 207.97 198.79

Industrial

Base 10.01 9.94 9.90 9.82 9.85 9.72 9.60 9.83 9.95 10.00 11.11 10.87 9.53

2015 10.01 9.94 9.90 9.82 9.85 9.72 9.60 9.83 9.95 10.00 11.11 10.87 9.53

2020 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2030 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2040 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2050 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2060 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

Agriculture/Irrigation

Base 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2015 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2020 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2030 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2040 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2050 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2060 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

Power

Base 4.44 3.75 4.93 4.72 4.05 4.27 4.82 6.31 5.59 4.27 2.82 3.47 4.24

2015 8.49 8.27 8.50 8.48 8.51 8.55 8.75 8.87 8.89 8.73 8.40 8.04 7.89

2020 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2030 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2040 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2050 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

2060 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

Total

Base 191.00 139.80 139.80 147.01 168.53 205.55 263.93 289.46 268.21 217.82 171.76 144.30 135.14

2015 203.16 151.82 150.79 158.17 180.69 218.21 276.89 300.83 280.38 231.11 185.45 156.63 146.28

2020 223.46 171.07 170.08 177.47 200.35 238.78 298.80 322.78 302.58 252.66 205.82 175.71 164.68

2030 239.70 185.45 184.19 191.75 215.79 256.00 317.47 341.47 321.15 270.50 222.47 190.62 178.74

2040 256.86 200.99 199.39 207.09 232.18 274.22 336.83 360.71 340.20 289.13 239.99 206.74 193.94

2050 343.93 291.72 286.54 287.84 312.25 356.89 429.52 457.43 436.74 378.68 324.10 287.69 276.79

2060 360.26 306.66 301.12 302.58 327.84 373.96 447.90 475.84 455.13 396.38 340.76 302.80 291.12

Year

Annual 

Average

Month



Projected Returns by Month (mgd) (Alternative 1)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Public Water/Wastewater Utilities

Base 113.14 122.77 121.07 127.69 117.65 112.90 109.04 103.97 107.03 106.82 105.33 108.04 115.68

2015 118.52 128.57 126.90 133.78 123.22 118.27 114.24 108.93 112.15 111.97 110.31 113.14 121.12

2020 128.98 139.95 138.13 145.61 134.07 128.69 124.27 118.49 122.05 121.88 120.03 123.12 131.77

2030 143.73 155.98 153.95 162.21 149.37 143.34 138.45 132.05 136.11 135.84 133.78 137.21 146.88

2040 156.83 170.16 168.09 177.01 162.90 156.29 151.05 144.12 148.64 148.23 145.91 149.66 160.37

2050 172.67 187.30 185.14 194.89 179.24 171.93 166.24 158.70 163.82 163.24 160.61 164.73 176.67

2060 189.91 205.98 203.71 214.34 197.04 188.96 182.80 174.59 180.34 179.59 176.62 181.14 194.39

Industrial

Base 4.17 4.53 4.41 4.40 4.36 4.27 4.00 4.14 4.41 4.22 3.86 3.73 3.85

2015 4.18 4.54 4.41 4.41 4.37 4.27 4.01 4.14 4.42 4.22 3.87 3.73 3.85

2020 4.19 4.55 4.42 4.42 4.38 4.28 4.02 4.15 4.43 4.23 3.88 3.74 3.86

2030 4.21 4.57 4.45 4.44 4.40 4.30 4.04 4.17 4.45 4.25 3.90 3.76 3.88

2040 4.23 4.60 4.47 4.46 4.42 4.32 4.06 4.19 4.47 4.28 3.92 3.79 3.91

2050 4.26 4.63 4.50 4.48 4.44 4.35 4.08 4.21 4.49 4.30 3.95 3.82 3.93

2060 4.28 4.66 4.53 4.51 4.46 4.38 4.11 4.24 4.51 4.33 3.98 3.85 3.96

Agriculture/Irrigation

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Power

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total

Base 117.31 127.30 125.48 132.09 122.02 117.16 113.04 108.11 111.45 111.04 109.19 111.77 119.53

2015 122.70 133.10 131.31 138.19 127.59 122.54 118.25 113.07 116.57 116.19 114.18 116.88 124.98

2020 133.16 144.50 142.55 150.02 138.45 132.97 128.28 122.64 126.48 126.11 123.91 126.86 135.63

2030 147.94 160.55 158.40 166.65 153.76 147.64 142.48 136.21 140.56 140.09 137.68 140.98 150.77

2040 161.06 174.75 172.56 181.47 167.31 160.62 155.10 148.31 153.11 152.51 149.84 153.45 164.28

2050 176.93 191.93 189.64 199.37 183.67 176.28 170.33 162.92 168.31 167.55 164.56 168.55 180.60

2060 194.20 210.64 208.24 218.86 201.50 193.34 186.91 178.83 184.86 183.92 180.60 184.98 198.35

Year

Annual 

Average

Month



Projected Flow by Month (mgd) (Alternative 1)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

WITHDRAWALS

Base 191.00 139.80 139.80 147.01 168.53 205.55 263.93 289.46 268.21 217.82 171.76 144.30 135.14

2015 203.16 151.82 150.79 158.17 180.69 218.21 276.89 300.83 280.38 231.11 185.45 156.63 146.28

2020 223.46 171.07 170.08 177.47 200.35 238.78 298.80 322.78 302.58 252.66 205.82 175.71 164.68

2030 239.70 185.45 184.19 191.75 215.79 256.00 317.47 341.47 321.15 270.50 222.47 190.62 178.74

2040 256.86 200.99 199.39 207.09 232.18 274.22 336.83 360.71 340.20 289.13 239.99 206.74 193.94

2050 343.93 291.72 286.54 287.84 312.25 356.89 429.52 457.43 436.74 378.68 324.10 287.69 276.79

2060 360.26 306.66 301.12 302.58 327.84 373.96 447.90 475.84 455.13 396.38 340.76 302.80 291.12

RETURNS

Base 117.31 127.30 125.48 132.09 122.02 117.16 113.04 108.11 111.45 111.04 109.19 111.77 119.53

2015 122.70 133.10 131.31 138.19 127.59 122.54 118.25 113.07 116.57 116.19 114.18 116.88 124.98

2020 133.16 144.50 142.55 150.02 138.45 132.97 128.28 122.64 126.48 126.11 123.91 126.86 135.63

2030 147.94 160.55 158.40 166.65 153.76 147.64 142.48 136.21 140.56 140.09 137.68 140.98 150.77

2040 161.06 174.75 172.56 181.47 167.31 160.62 155.10 148.31 153.11 152.51 149.84 153.45 164.28

2050 176.93 191.93 189.64 199.37 183.67 176.28 170.33 162.92 168.31 167.55 164.56 168.55 180.60

2060 194.20 210.64 208.24 218.86 201.50 193.34 186.91 178.83 184.86 183.92 180.60 184.98 198.35

NET WITHDRAWAL

Base 73.68 12.50 14.32 14.92 46.51 88.39 150.89 181.35 156.76 106.79 62.57 32.53 15.62

2015 80.46 18.72 19.48 19.98 53.10 95.68 158.64 187.76 163.82 114.92 71.27 39.75 21.30

2020 90.30 26.58 27.53 27.44 61.90 105.81 170.52 200.15 176.10 126.55 81.91 48.85 29.05

2030 91.76 24.89 25.79 25.10 62.03 108.36 174.99 205.25 180.59 130.41 84.80 49.64 27.97

2040 95.79 26.24 26.83 25.62 64.86 113.60 181.73 212.40 187.09 136.62 90.16 53.29 29.67

2050 167.00 99.80 96.90 88.46 128.57 180.62 259.19 294.51 268.43 211.13 159.54 119.15 96.19

2060 166.06 96.02 92.88 83.73 126.34 180.62 260.99 297.01 270.27 212.46 160.16 117.82 92.76

Year

Annual 

Average

Month



Projected Flow by Subbasin (mgd) (Alternative 1)

Subbasins

Year Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM OF 

BLEWETT FALLS LAKE (NC)

WITHDRAWALS

Base 191.00 2.71 110.39 4.12 3.26 0.02 9.85 49.49 11.16

2015 203.16 2.71 116.16 5.65 5.68 0.02 11.26 50.49 11.20

2020 223.46 9.53 118.73 6.47 7.46 0.52 14.60 53.88 12.26

2030 239.70 9.71 126.05 6.67 8.08 0.52 22.83 53.47 12.39

2040 256.86 9.88 130.26 8.11 10.73 0.52 28.37 56.47 12.52

2050 343.93 10.07 137.82 8.26 11.52 0.52 66.73 96.37 12.65

2060 360.26 10.25 143.77 8.40 12.12 0.52 70.24 102.19 12.78

RETURNS

Base 117.31 0.21 66.70 0.55 0.16 0.00 0.29 43.62 5.78

2015 122.70 0.21 69.47 0.65 0.16 0.00 0.29 46.09 5.82

2020 133.16 0.21 74.88 0.68 0.16 0.00 0.30 51.04 5.89

2030 147.94 0.21 81.42 0.70 0.16 0.00 0.31 59.11 6.03

2040 161.06 0.21 85.37 0.80 0.16 0.00 0.32 68.02 6.18

2050 176.93 0.21 90.10 0.82 0.16 0.00 0.33 78.97 6.33

2060 194.20 0.21 95.63 0.84 0.16 0.00 0.35 90.53 6.48

NET WITHDRAWALS

Base 73.68 2.49 43.69 3.56 3.10 0.02 9.56 5.87 5.38

2015 80.46 2.49 46.70 4.99 5.51 0.02 10.96 4.40 5.38

2020 90.30 9.32 43.85 5.79 7.30 0.52 14.30 2.85 6.37

2030 91.76 9.49 44.63 5.97 7.91 0.52 22.52 ‐5.64 6.36

2040 95.79 9.67 44.89 7.31 10.57 0.52 28.05 ‐11.55 6.34

2050 167.00 9.85 47.73 7.44 11.36 0.52 66.39 17.40 6.32

2060 166.06 10.04 48.14 7.56 11.96 0.52 69.89 11.66 6.30
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Projected Withdrawals by Subbasin (mgd) (Alternative 1)

Subbasin Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR 2.71 2.71 9.53 9.71 9.88 10.07 10.25

HIGH ROCK LAKE 110.39 116.16 118.73 126.05 130.26 137.82 143.77

TUCKERTOWN RESERVOIR 4.12 5.65 6.47 6.67 8.11 8.26 8.40

NARROWS RESERVOIR (BADIN LAKE) 3.26 5.68 7.46 8.08 10.73 11.52 12.12

FALLS RESERVOIR 0.02 0.02 0.52 0.52 0.52 0.52 0.52

LAKE TILLERY 9.85 11.26 14.60 22.83 28.37 66.73 70.24

BLEWETT FALLS LAKE 49.49 50.49 53.88 53.47 56.47 96.37 102.19

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) 11.16 11.20 12.26 12.39 12.52 12.65 12.78

Total 191.00 203.16 223.46 239.70 256.86 343.93 360.26

Projected Returns by Subbasin (mgd) (Alternative 1)

Subbasin Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR 0.21 0.21 0.21 0.21 0.21 0.21 0.21

HIGH ROCK LAKE 66.70 69.47 74.88 81.42 85.37 90.10 95.63

TUCKERTOWN RESERVOIR 0.55 0.65 0.68 0.70 0.80 0.82 0.84

NARROWS RESERVOIR (BADIN LAKE) 0.16 0.16 0.16 0.16 0.16 0.16 0.16

FALLS RESERVOIR 0.00 0.00 0.00 0.00 0.00 0.00 0.00

LAKE TILLERY 0.29 0.29 0.30 0.31 0.32 0.33 0.35

BLEWETT FALLS LAKE 43.62 46.09 51.04 59.11 68.02 78.97 90.53

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) 5.78 5.82 5.89 6.03 6.18 6.33 6.48

Total 117.31 122.70 133.16 147.94 161.06 176.93 194.20

Projected Net Withdrawals by Subbasin (mgd) (Alternative 1)

Subbasin Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR 2.49 2.49 9.32 9.49 9.67 9.85 10.04

HIGH ROCK LAKE 43.69 46.70 43.85 44.63 44.89 47.73 48.14

TUCKERTOWN RESERVOIR 3.56 4.99 5.79 5.97 7.31 7.44 7.56

NARROWS RESERVOIR (BADIN LAKE) 3.10 5.51 7.30 7.91 10.57 11.36 11.96

FALLS RESERVOIR 0.02 0.02 0.52 0.52 0.52 0.52 0.52

LAKE TILLERY 9.56 10.96 14.30 22.52 28.05 66.39 69.89

BLEWETT FALLS LAKE 5.87 4.40 2.85 ‐5.64 ‐11.55 17.40 11.66

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) 5.38 5.38 6.37 6.36 6.34 6.32 6.30

Total 73.68 80.46 90.30 91.76 95.79 167.00 166.06



Projected Net Withdrawals by Subbasin (mgd) (Alternative 1)

Subbasin

Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM 

OF BLEWETT 

FALLS LAKE (NC)

Public Water/Wastewater Utilities

Base 20.23 0.00 20.19 3.07 3.03 0.00 6.76 ‐12.19 ‐0.63

2015 22.96 0.00 20.96 4.50 5.44 0.00 8.16 ‐15.47 ‐0.63

2020 24.82 6.83 14.63 4.80 6.73 0.00 10.50 ‐18.03 ‐0.64

2030 26.30 7.00 15.44 4.98 7.34 0.00 18.71 ‐26.51 ‐0.66

2040 30.35 7.18 15.72 6.31 10.00 0.00 24.24 ‐32.43 ‐0.68

2050 34.77 7.36 16.09 6.44 10.79 0.00 30.43 ‐35.64 ‐0.69

2060 33.86 7.55 16.53 6.56 11.38 0.00 33.92 ‐41.38 ‐0.71

Industrial

Base 5.84 ‐0.02 ‐0.36 0.00 ‐0.16 0.00 0.00 2.35 4.03

2015 5.83 ‐0.02 ‐0.36 0.00 ‐0.16 0.00 0.00 2.35 4.03

2020 11.32 ‐0.02 0.63 0.50 0.34 0.50 1.00 3.35 5.03

2030 11.30 ‐0.02 0.61 0.50 0.34 0.50 1.00 3.35 5.03

2040 11.28 ‐0.02 0.58 0.50 0.34 0.50 1.00 3.35 5.03

2050 11.25 ‐0.02 0.56 0.50 0.34 0.50 1.00 3.35 5.03

2060 11.23 ‐0.02 0.53 0.50 0.34 0.50 1.00 3.35 5.03

Agriculture/Irrigation

Base 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2015 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2020 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2030 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2040 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2050 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2060 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

Power

Base 4.44 0.00 0.25 0.00 0.00 0.00 0.00 4.18 0.00

2015 8.49 0.00 2.49 0.00 0.00 0.00 0.00 6.00 0.00

2020 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2030 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2040 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2050 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

2060 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

Total

Base 73.68 2.49 43.69 3.56 3.10 0.02 9.56 5.87 5.38

2015 80.46 2.49 46.70 4.99 5.51 0.02 10.96 4.40 5.38

2020 90.30 9.32 43.85 5.79 7.30 0.52 14.30 2.85 6.37

2030 91.76 9.49 44.63 5.97 7.91 0.52 22.52 ‐5.64 6.36

2040 95.79 9.67 44.89 7.31 10.57 0.52 28.05 ‐11.55 6.34

2050 167.00 9.85 47.73 7.44 11.36 0.52 66.39 17.40 6.32

2060 166.06 10.04 48.14 7.56 11.96 0.52 69.89 11.66 6.30

Year



Projected Withdrawals by Subbasin (mgd) (Alternative 1)

Subbasin

Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM 

OF BLEWETT 

FALLS LAKE (NC)

Public Water/Wastewater Utilities

Base 133.37 0.00 83.77 3.62 3.03 0.00 7.05 31.01 4.89

2015 141.48 0.00 87.30 5.15 5.44 0.00 8.45 30.20 4.93

2020 153.79 6.83 86.38 5.48 6.73 0.00 10.79 32.59 4.99

2030 170.03 7.00 93.69 5.68 7.34 0.00 19.02 32.17 5.12

2040 187.19 7.18 97.91 7.12 10.00 0.00 24.56 35.17 5.25

2050 207.44 7.36 102.98 7.26 10.79 0.00 30.76 42.92 5.38

2060 223.77 7.55 108.92 7.40 11.38 0.00 34.27 48.73 5.52

Industrial

Base 10.01 0.19 2.77 0.00 0.00 0.00 0.00 2.77 4.28

2015 10.01 0.19 2.77 0.00 0.00 0.00 0.00 2.77 4.28

2020 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2030 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2040 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2050 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2060 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

Agriculture/Irrigation

Base 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2015 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2020 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2030 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2040 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2050 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2060 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

Power

Base 4.44 0.00 0.25 0.00 0.00 0.00 0.00 4.18 0.00

2015 8.49 0.00 2.49 0.00 0.00 0.00 0.00 6.00 0.00

2020 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2030 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2040 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2050 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

2060 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

Total

Base 191.00 2.71 110.39 4.12 3.26 0.02 9.85 49.49 11.16

2015 203.16 2.71 116.16 5.65 5.68 0.02 11.26 50.49 11.20

2020 223.46 9.53 118.73 6.47 7.46 0.52 14.60 53.88 12.26

2030 239.70 9.71 126.05 6.67 8.08 0.52 22.83 53.47 12.39

2040 256.86 9.88 130.26 8.11 10.73 0.52 28.37 56.47 12.52

2050 343.93 10.07 137.82 8.26 11.52 0.52 66.73 96.37 12.65

2060 360.26 10.25 143.77 8.40 12.12 0.52 70.24 102.19 12.78

Year



Projected Returns by Subbasin (mgd) (Alternative 1)

Subbasin

Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM 

OF BLEWETT 

FALLS LAKE (NC)

Public Water/Wastewater Utilities

Base 113.14 0.00 63.58 0.55 0.00 0.00 0.29 43.20 5.52

2015 118.52 0.00 66.34 0.65 0.00 0.00 0.29 45.67 5.57

2020 128.98 0.00 71.74 0.68 0.00 0.00 0.30 50.62 5.64

2030 143.73 0.00 78.26 0.70 0.00 0.00 0.31 58.69 5.78

2040 156.83 0.00 82.19 0.80 0.00 0.00 0.32 67.60 5.92

2050 172.67 0.00 86.89 0.82 0.00 0.00 0.33 78.56 6.07

2060 189.91 0.00 92.39 0.84 0.00 0.00 0.35 90.11 6.23

Industrial

Base 4.17 0.21 3.13 0.00 0.16 0.00 0.00 0.42 0.25

2015 4.18 0.21 3.13 0.00 0.16 0.00 0.00 0.42 0.25

2020 4.19 0.21 3.14 0.00 0.16 0.00 0.00 0.42 0.25

2030 4.21 0.21 3.16 0.00 0.16 0.00 0.00 0.42 0.25

2040 4.23 0.21 3.18 0.00 0.16 0.00 0.00 0.42 0.25

2050 4.26 0.21 3.21 0.00 0.16 0.00 0.00 0.42 0.25

2060 4.28 0.21 3.24 0.00 0.16 0.00 0.00 0.42 0.25

Agriculture/Irrigation

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Power

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total

Base 117.31 0.21 66.70 0.55 0.16 0.00 0.29 43.62 5.78

2015 122.70 0.21 69.47 0.65 0.16 0.00 0.29 46.09 5.82

2020 133.16 0.21 74.88 0.68 0.16 0.00 0.30 51.04 5.89

2030 147.94 0.21 81.42 0.70 0.16 0.00 0.31 59.11 6.03

2040 161.06 0.21 85.37 0.80 0.16 0.00 0.32 68.02 6.18

2050 176.93 0.21 90.10 0.82 0.16 0.00 0.33 78.97 6.33

2060 194.20 0.21 95.63 0.84 0.16 0.00 0.35 90.53 6.48

Year



Base Year 2060

Industrial

Withdrawals 2010‐2012 Average 10.0 15.5 0.92
Returns 2010‐2012 Average 4.2 4.3 0.06
Net Withdrawals 2010‐2012 Average 5.8 11.2 1.37

Public Water/ Wastewater

Withdrawals 2010‐2012 Average 133.4 223.8 1.08
Returns 2010‐2012 Average 113.1 189.9 1.08
Net Withdrawals 2010‐2012 Average 20.2 33.9 1.08

Agriculture/Irrigation

Withdrawals 2010‐2012 Average 43.2 43.2 0.00
Returns 2010‐2012 Average 0.0 0.0 n/a
Net Withdrawals 2010‐2012 Average 43.2 43.2 0.00

Subtotal (Excluding Power)‐ Net Withdrawals 2010‐2012 Average 69.2 88.3 0.51
Public Water Supply/Wastewater and Industrial 26.1 45.1

Power

Net Withdrawals 2010‐2012 Average 4.4 77.8 6.15
Returns 2010‐2012 Average 0.0 0.0 n/a
Net Withdrawals 2010‐2012 Average 4.4 77.8 6.15

Total Basin‐ Net Withdrawals 2010‐2012 Average 73.7 166.1 1.71

Yadkin River Water Supply Study 

Net Withdrawal Projection and Comparison with Historical and Forecasted Populations

(Alternative 2A)

Flow

Water User Category Base Year AGR
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Population Projections Years Start Year End Year AGR

United States 2010‐2030 308,745,538 369,662,000 0.90

2030‐2050 369,662,000 420,268,000 0.64

2040‐2050 389,934,000 420,268,000 0.75

2010‐2050 308,745,538 420,268,000 0.77

South Carolina1, 3 2010‐2035 4,625,364 5,722,720 0.86

    Yadkin River Basin 2010‐2035 75,667 74,220 ‐0.08

Chesterfield 2010‐2035 46,734 49,140 0.20

Marlboro 2010‐2035 28,933 25,080 ‐0.57

Virginia4 2010‐2040 8,001,024 10,530,228 0.69

    Yadkin River Basin 2010‐2040 64,065 64,609 0.02

Carroll 2010‐2040 30,042 31,187 0.09

Grayson 2010‐2040 15,533 14,520 ‐0.17

Patrick 2010‐2040 18,490 18,902 0.06

North Carolina2, 3 2010‐2030 9,535,483 11,576,088 0.97

    Yadkin River Basin 2010‐2030 3,418,431 4,219,846 1.06

Alexander 2010‐2030 37,198 37,276 0.01

Alleghany 2010‐2030 11,155 11,137 ‐0.01

Anson 2010‐2030 26,948 26,425 ‐0.10

Ashe 2010‐2030 27,281 27,649 0.07

Cabarrus 2010‐2030 178,011 237,929 1.46

Caldwell 2010‐2030 83,029 81,667 ‐0.08

Davidson 2010‐2031 162,878 169,749 0.21

Davie 2010‐2030 41,240 43,626 0.28

Forsyth 2010‐2030 350,670 393,805 0.58

Guilford 2010‐2030 488,406 601,279 1.04

Iredell 2010‐2030 159,437 199,982 1.14

Mecklenburg 2010‐2030 919,628 1,360,364 1.98

Montgomery 2010‐2030 27,798 27,489 ‐0.06

Randolph 2010‐2030 141,752 143,669 0.07

Richmond 2010‐2030 46,639 45,593 ‐0.11

Rowan 2010‐2030 138,428 146,442 0.28

Scotland 2010‐2030 36,157 33,904 ‐0.32

Stanly 2010‐2030 60,585 64,565 0.32

Stokes 2010‐2030 47,401 43,614 ‐0.42

Surry 2010‐2030 73,673 73,367 ‐0.02

Union 2010‐2030 201,292 285,500 1.76

Watauga 2010‐2030 51,079 57,214 0.57

Wilkes 2010‐2030 69,340 70,511 0.08

Yadkin 2010‐2030 38,406 37,090 ‐0.17
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Historical Data Years Start Year End Year AGR

US Population History3 1970‐2010 203,302,031 308,745,538 1.05

South Carolina Historical Population3 1970‐2010 2,590,516 4,625,364 1.46

    Yadkin River Basin 1970‐2010 60,818 75,667 0.55

Chesterfield 1970‐2010 33,667 46,734 0.82

Marlboro 1970‐2010 27,151 28,933 0.16

Virginia Historical Population4 1970‐2010 4,648,494 8,001,024 1.37

    Yadkin River Basin 1970‐2010 53,813 64,065 0.44

Carroll 1970‐2010 23,092 30,042 0.66

Grayson 1970‐2010 15,439 15,533 0.02

Patrick 1970‐2010 15,282 18,490 0.48

North Carolina Historical Population3 1970‐2010 5,082,059 9,535,483 1.59

    Yadkin River Basin 1970‐2010 1,768,998 3,418,431 1.66

Alexander 1970‐2010 19,466 37,198 1.63

Alleghany 1970‐2010 8,134 11,155 0.79

Anson 1970‐2010 23,488 26,948 0.34

Ashe 1970‐2010 19,571 27,281 0.83

Cabarrus 1970‐2010 74,629 178,011 2.20

Caldwell 1970‐2010 56,699 83,029 0.96

Davidson 1970‐2010 95,627 162,878 1.34

Davie 1970‐2010 18,855 41,240 1.98

Forsyth 1970‐2010 214,348 350,670 1.24

Guilford 1970‐2010 288,590 488,406 1.32

Iredell 1970‐2010 72,197 159,437 2.00

Mecklenburg 1970‐2010 354,656 919,628 2.41

Montgomery 1970‐2010 19,267 27,798 0.92

Randolph 1970‐2010 76,358 141,752 1.56

Richmond 1970‐2010 39,889 46,639 0.39

Rowan 1970‐2010 90,035 138,428 1.08

Scotland 1970‐2011 26,929 36,157 0.74

Stanly 1970‐2012 42,822 60,585 0.87

Stokes 1970‐2013 23,782 47,401 1.74

Surry 1970‐2014 51,415 73,673 0.90

Union 1970‐2015 54,714 201,292 3.31

Watauga 1970‐2016 23,404 51,079 1.97

Wilkes 1970‐2017 49,524 69,340 0.84

Yadkin 1970‐2010 24,599 38,406 1.12

Sources

4.  Virginia data retrieved online on June 26, 2014 (http://usatoday30.usatoday.com/news/nation/census/profile/VA)
3.  U.S. Census Bereau
2. North Carolina State Office of Budget and Management
1. South Carolina Office of Research and Statistics Health & Demographics webpage
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Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 2A)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR

Withdrawals
WWAI‐1 Agriculture/Irrigation‐‐‐‐W. Kerr Scott Reservoir A/I (CGL) n/a 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
NWW‐08a Blue Ridge Tissue Corp‐‐‐‐Patterson Mill IND In‐take Pump ND ND ND 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NWW‐00 New Future Industry‐‐‐‐W. Kerr Scott Reservoir IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NWH‐89 Wilkes County‐‐‐‐Wilkes County WTP (Future) PW/WU n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.8 7.0 7.2 7.4 7.5

Withdrawal Subtotal 2.5 2.5 2.5 2.6 2.6 2.7 2.7 2.7 2.7 2.7 9.5 9.7 9.9 10.1 10.3

Returns
NRW‐08b Blue Ridge Tissue Corp‐‐‐‐Patterson Mill (return) IND Subbasin 03‐07‐01 0.1 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Return Subtotal 0.1 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

W. KERR SCOTT RESERVOIR TOTAL NET WITHDRAWALS 2.4 2.3 2.3 2.5 2.5 2.5 2.5 2.5 2.5 2.5 9.3 9.5 9.7 9.9 10.0



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 2A)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

HIGH ROCK LAKE

Withdrawals
HWAI‐2 Agriculture/Irrigation‐‐‐‐High Rock Lake A/I (CGL) n/a 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6
NWH‐40a Louisiana Pacific Corporation‐‐‐‐Lousiana Pacific Corporation IND Yadkin River ND ND 1.4 1.5 1.2 2.1 2.4 2.1 2.2 2.2 2.2 2.2 2.2 2.2 2.2
NWH‐46b Performance Fibers, Inc‐‐‐‐Salisbury Facility IND Second Creek ND ND ND 0.7 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NWH‐74a True Textiles, Inc‐‐‐‐True Elkin, Inc. IND Big Elkin Creek ND ND 1.0 0.8 0.4 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NWH‐00 New Future Industry‐‐‐‐High Rock Lake IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0
NWH‐18a City of King‐‐‐‐City of King WTP PW/WU Yadkin River 1.6 1.7 2.3 1.9 1.7 1.7 1.6 1.7 1.7 1.7 1.7 1.7 1.8 1.8 1.9

NWH‐19c City of Lexington‐‐‐‐Lexington WTP (Lake Thom‐A‐Lex Intake) PW/WU
Abbotts Creek (Reservoir: Lake 
Thom‐A‐Lex)

3.9 3.3 3.2 2.9 2.7 2.7 2.8 2.6 2.7 2.8 3.0 3.1 3.2 3.4 3.5

NWH‐21a City of Mount Airy‐‐‐‐F. G. Doggett WTP PW/WU Stewarts Creek 3.9 2.6 2.2 1.6 1.6 1.7 1.8 2.6 2.0 2.0 2.0 2.1 2.2 2.2 2.3
NWH‐21c City of Mount Airy‐‐‐‐S. L. Spencer WTP PW/WU Lovills Creek 1.1 0.8 0.6 0.5 0.5 0.5 0.5 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.7
NWH‐22a City of Salisbury‐‐‐‐Salisbury WTP PW/WU Yadkin/South Yadkin 8.0 6.2 7.7 7.4 7.8 8.2 8.4 8.7 8.5 8.7 9.0 9.7 10.4 11.2 12.1
NWH‐23a City of Statesville‐‐‐‐City of Statesville WTP (S. Yadkin River intake) PW/WU South Yadkin River 5.2 3.9 4.1 3.4 3.1 3.3 3.2 3.1 3.2 3.9 5.0 5.4 5.8 6.3 6.8

NWH‐24a City of Thomasville‐‐‐‐City of Thomasville WTP PW/WU
Abbots Creek (Reservoir: Lake 
Thom‐A‐Lex)

3.2 2.6 3.0 ND 2.5 2.7 2.4 2.5 2.5 2.6 2.6 2.7 2.9 2.9 3.0

NWH‐25e City of Winston‐Salem‐‐‐‐P. W. Swann WTP PW/WU
Yadkin River @ Swann RWPS 
(Reservoir: W. Kerr Scott)

13.1 13.6 12.1 11.4 11.0 11.2 11.3 11.1 11.2 11.9 13.0 14.6 15.3 16.1 17.2

NWH‐25f City of Winston‐Salem‐‐‐‐R. W. Neilson WTP / R. A. Thomas WTP PW/WU
Yadkin River @ Idols RWPS 
(Reservoir: W. Kerr‐Scott)

31.5 32.7 29.0 27.4 26.4 26.8 27.1 26.7 26.9 28.5 31.3 35.1 36.6 38.7 41.3

NWH‐27a Davidson Water Inc‐‐‐‐C. O. Pickle WP PW/WU Yadkin River 9.2 10.1 11.8 11.3 10.8 11.3 10.2 9.9 10.5 10.6 10.7 11.0 11.2 11.5 11.8
NWH‐28a Davie County‐‐‐‐Cooleemee WTP PW/WU S. Yadkin 0.9 1.1 1.2 1.0 1.2 1.1 1.1 1.2 1.1 1.1 1.1 1.2 1.2 1.3 1.3
NWH‐28b Davie County‐‐‐‐Sparks Road WTP PW/WU Yadkin 1.2 1.6 1.7 1.4 1.6 1.5 1.6 1.6 1.6 1.6 1.6 1.7 1.7 1.8 1.8
NWH‐63 Town of Elkin‐‐‐‐Elkin Municipal WTP PW/WU Elkin Creek (Reservoir: Elkin) 1.4 1.1 0.9 0.9 0.8 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.8 0.8 0.8
NWH‐64 Town of Jonesville‐‐‐‐Jonesville WP PW/WU Yadkin River 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NWH‐65a Town of Mocksville‐‐‐‐Hugh A. Lagle WTP PW/WU Hunting Creek 0.8 0.8 0.9 ND ND 0.9 0.8 ND 0.9 0.9 0.9 0.9 0.9 1.0 1.0
NWH‐68a Town of North Wilkesboro‐‐‐‐North Wilkesboro WP PW/WU Reddies River 2.9 2.7 3.0 2.6 2.4 2.5 2.6 2.7 2.6 2.6 0.0 0.0 0.0 0.0 0.0
NWH‐70a Town of Pilot Mountain‐‐‐‐Pilot Mountain WTP PW/WU Toms Creek 0.9 0.4 0.3 0.2 0.2 0.2 0.3 0.3 0.2 0.3 0.3 0.3 0.3 0.3 0.3
NWH‐72b Town of Wilkesboro‐‐‐‐Wilkesboro WFP PW/WU Yadkin River 3.8 4.6 4.5 4.4 4.3 4.2 4.0 4.1 4.1 4.1 0.0 0.0 0.0 0.0 0.0

NWH‐73a Town of Yadkinville‐‐‐‐Yadkinville WTP PW/WU
South Deep Creek (Reservoir: 
Town of  Yadkinville)

1.0 0.9 0.9 0.9 0.7 0.9 0.9 0.8 0.8 0.8 0.9 0.9 0.9 0.9 0.9

NWH‐87 Energy United Water‐‐‐‐Energy United Water WTP PW/WU South Yadkin River 0.8 1.5 1.4 1.8 1.6 1.6 1.7 1.7 1.7 1.7 1.7 1.7 1.8 1.8 1.9
NNH‐30a Duke Energy Carolinas, LLC‐‐‐‐Buck Steam Station TEP Yadkin River/High Rock Lake 1.8 1.8 2.0 1.5 0.5 1.2 0.7 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NNH‐30b Duke Energy Carolinas, LLC‐‐‐‐Buck Combined Cycle Station TEP Yadkin River/High Rock Lake 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ND 0.3 2.5 2.5 2.5 2.5 2.5 2.5

NNH‐30d Duke Energy Carolinas, LLC‐‐‐‐Additional Combined Cycle Station #1 TEP
Yadkin River/High Rock Lake 
(upstream tributary)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 2.5 2.5 2.5 2.5

NNH‐30e Duke Energy Carolinas, LLC‐‐‐‐Additional Combined Cycle Station #2 TEP Yadkin River/High Rock Lake 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 2.5

Withdrawal Subtotal 120.1 118.1 119.3 109.5 107.4 111.8 110.5 109.4 110.4 116.2 118.7 126.0 130.3 137.8 143.8

Returns
NRH‐01 Allegheny Technologies, Inc‐‐‐‐ATI Allvac Monroe Plant IND Subbasin 03‐07‐14 0.2 0.1 0.1 0.2 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐40b Louisiana Pacific Corporation‐‐‐‐LP Roaring River WWTP IND Subbasin 03‐07‐01 0.9 0.9 1.2 1.4 1.3 1.4 1.2 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3

NRH‐45
P P G Industries Fiber Glass Products, Inc‐‐‐‐PPG Industries Fiber Glass 
Products

IND Subbasin 03‐07‐04 0.4 0.3 0.4 0.4 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

NRH‐46a Performance Fibers, Inc‐‐‐‐Salisbury Facility IND Subbasin 03‐07‐06 1.6 1.0 0.4 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NRH‐74b True Textiles, Inc‐‐‐‐304 East Main Street Plant IND Subbasin 03‐07‐02 1.6 0.7 0.9 0.5 0.3 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐75 Tyson Foods, Inc‐‐‐‐Harmony Plant IND Subbasin 03‐07‐06 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.3
NRH‐78 Wayne Farms LLC Bruckie Ashburn‐‐‐‐Dobson Plant IND Subbasin 03‐07‐02 0.5 0.6 0.4 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NRH‐85 Norfolk Southern Railway Company‐‐‐‐Linwood Yard IND Subbasin 03‐07‐04 0.1 0.1 0.2 0.2 0.2 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRH‐16 City of High Point‐‐‐‐Westside WWTP PW/WU Subbasin 03‐07‐07 3.4 4.0 3.7 3.6 3.6 3.5 4.1 2.8 3.5 3.6 3.7 4.1 4.5 4.9 5.3
NRH‐18b City of King‐‐‐‐City of King WTP PW/WU Subbasin 03‐07‐02 ND ND ND ND ND 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐19a City of Lexington‐‐‐‐Lexington Regional WWTP PW/WU Subbasin 03‐07‐07 3.5 3.1 2.5 2.3 3.0 3.2 2.9 2.6 2.9 3.0 3.2 3.3 3.4 3.6 3.7
NRH‐19b City of Lexington‐‐‐‐Lexington WTP #1 & 2 PW/WU Subbasin 03‐07‐07 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.5 0.5 0.5 0.5 0.6 0.6 0.6
NRH‐21b City of Mount Airy‐‐‐‐Mount Airy WWTP PW/WU Subbasin 03‐07‐03 5.0 3.2 2.0 1.5 1.6 2.1 2.1 1.7 2.0 2.0 2.0 2.1 2.1 2.2 2.2
NRH‐22b City of Salisbury‐‐‐‐Salisbury‐Rowan WWTP PW/WU Subbasin 03‐07‐04 4.5 6.8 7.3 7.2 7.8 7.7 7.1 6.3 7.0 7.2 7.5 8.0 8.7 9.3 10.1
NRH‐23b City of Statesville‐‐‐‐Fourth Creek WWTP PW/WU Subbasin 03‐07‐06 3.0 2.6 3.0 3.0 3.2 3.2 2.5 2.1 2.6 3.1 4.0 4.4 4.7 5.1 5.6
NRH‐23c City of Statesville‐‐‐‐Third Creek WWTP PW/WU Subbasin 03‐07‐06 2.0 1.3 1.4 1.2 1.3 1.5 0.9 0.8 1.1 1.4 1.7 1.9 2.0 2.2 2.4
NRH‐24b City of Thomasville‐‐‐‐Hamby Creek WWTP PW/WU Subbasin 03‐07‐07 3.0 2.7 2.7 2.5 2.4 2.5 2.2 2.1 2.3 2.3 2.3 2.4 2.6 2.6 2.7
NRH‐25a City of Winston‐Salem‐‐‐‐Archie Elledge WWTP PW/WU Subbasin 03‐07‐04 21.1 18.4 18.0 17.0 17.6 17.6 15.7 14.8 16.0 17.4 19.0 21.4 22.3 23.6 25.1
NRH‐25b City of Winston‐Salem‐‐‐‐Muddy Creek WWTP PW/WU Subbasin 03‐07‐04 13.1 14.6 15.5 14.4 14.9 15.9 15.1 15.3 15.5 15.5 17.0 19.0 19.9 21.0 22.4
NRH‐25c City of Winston‐Salem‐‐‐‐P. W. Swann WTP PW/WU Subbasin 03‐07‐02 ND ND 0.4 0.4 0.4 0.5 0.4 0.4 0.4 0.5 0.5 0.6 0.6 0.6 0.7
NRH‐25d City of Winston‐Salem‐‐‐‐R. A. Thomas WTP PW/WU Subbasin 03‐07‐04 0.8 0.8 0.7 0.6 ND ND 1.5 0.3 0.9 0.9 1.0 1.2 1.2 1.3 1.4
NRH‐27b Davidson Water Inc‐‐‐‐Davidson Water WTP PW/WU Subbasin 03‐07‐04 0.2 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NRH‐28c Davie County‐‐‐‐Sparks Road WTP PW/WU Subbasin 03‐07‐02 ND ND 0.1 0.1 0.2 0.2 1.1 1.5 0.9 0.9 0.9 1.0 1.0 1.0 1.0
NRH‐28d Davie County‐‐‐‐Cooleemee WWTP PW/WU Subbasin 03‐07‐06 0.9 0.6 0.4 0.5 0.5 0.6 0.5 0.5 0.6 0.6 0.6 0.6 0.6 0.6 0.7
NRH‐58 Town of Bermuda Run‐‐‐‐Bermuda Run WWTP PW/WU Subbasin 03‐07‐02 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐60 Town of Boonville‐‐‐‐Boonville WWTP PW/WU Subbasin 03‐07‐02 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐62 Town of Dobson‐‐‐‐Dobson WWTP PW/WU Subbasin 03‐07‐02 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRH‐65b Town of Mocksville‐‐‐‐Bear Creek WWTP PW/WU Subbasin 03‐07‐06 0.2 0.2 0.2 0.2 ND ND ND ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NRH‐65c Town of Mocksville‐‐‐‐Dutchman Creek WWTP PW/WU Subbasin 03‐07‐05 0.4 0.5 0.5 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.5 0.5
NRH‐68b Town of North Wilkesboro‐‐‐‐Thurman Street WWTP PW/WU Subbasin 03‐07‐01 0.9 0.8 0.7 0.6 0.8 0.7 0.8 0.9 0.8 0.8 0.8 0.8 0.9 0.9 0.9
NRH‐70b Town of Pilot Mountain‐‐‐‐Pilot Mountain WTP PW/WU Subbasin 03‐07‐03 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 2A)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

NRH‐70c Town of Pilot Mountain‐‐‐‐Pilot Mountain WWTP PW/WU Subbasin 03‐07‐03 0.8 0.4 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRH‐72a Town of Wilkesboro‐‐‐‐Cub Creek WWTP PW/WU Subbasin 03‐07‐01 3.2 3.4 3.1 2.7 3.1 3.5 3.6 3.7 3.6 3.6 3.7 3.7 3.8 3.9 4.0
NRH‐73b Town of Yadkinville‐‐‐‐Yadkinville WWTP PW/WU Subbasin 03‐07‐02 0.7 0.6 0.7 0.7 0.7 0.8 0.8 0.7 0.8 0.8 0.8 0.8 0.8 0.8 0.8

NRH‐81
Yadkin Valley Sewer Authority, Inc‐‐‐‐Yadkin Valley Sewer Authority 
WWTP

PW/WU Subbasin 03‐07‐02 0.9 0.7 0.5 0.6 0.6 0.5 0.7 0.7 0.6 0.6 0.6 0.6 0.6 0.7 0.7

NRH‐86 Town of Cleveland‐‐‐‐Cleveland WWTP PW/WU Subbasin 03‐07‐06 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Return Subtotal 73.8 70.1 68.8 64.7 66.9 69.1 67.1 62.4 66.7 69.5 74.9 81.4 85.4 90.1 95.6

HIGH ROCK LAKE TOTAL NET WITHDRAWALS 46.3 47.9 50.6 44.8 40.6 42.7 43.4 47.0 43.7 46.7 43.8 44.6 44.9 47.7 48.1

TUCKERTOWN RESERVOIR

Withdrawals
TWAI‐3 Agriculture/Irrigation‐‐‐‐Tuckertown Reservoir A/I (CGL) n/a 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
NWT‐00 New Future Industry‐‐‐‐Tuckertown Reservoir IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

NWT‐14b City of Albemarle‐‐‐‐Tuckertown WTP PW/WU
Yadkin River (Reservoir: 
Tuckertown)

3.0 3.3 2.4 2.6 2.2 2.4 ND 2.4 2.4 3.9 4.2 4.4 5.8 5.9 6.0

NWT‐61a Town of Denton‐‐‐‐Denton WP PW/WU
Yadkin River (Reservoir: 
Tuckertown Reservoir)

0.9 1.4 1.4 ND 1.3 1.3 1.2 1.2 1.2 1.2 1.3 1.3 1.3 1.3 1.4

Withdrawal Subtotal 4.4 5.2 4.3 3.1 4.0 4.2 1.7 4.1 4.1 5.6 6.5 6.7 8.1 8.3 8.4

Returns
NRT‐14c City of Albemarle‐‐‐‐Tuckertown WTP PW/WU Subbasin 03‐07‐08 0.0 0.0 0.0 0.0 0.0 0.2 0.1 0.1 0.2 0.3 0.3 0.3 0.4 0.4 0.4
NRT‐61b Town of Denton‐‐‐‐Denton WWTP PW/WU Subbasin 03‐07‐08 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.5

Return Subtotal 0.4 0.4 0.4 0.4 0.5 0.6 0.5 0.5 0.6 0.7 0.7 0.7 0.8 0.8 0.8

TUCKERTOWN RESERVOIR TOTAL NET WITHDRAWALS 4.0 4.8 3.9 2.7 3.5 3.6 1.2 3.6 3.6 5.0 5.8 6.0 7.3 7.4 7.6



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 2A)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

NARROWS RESERVOIR (BADIN LAKE)

Withdrawals
NWAI‐4 Agriculture/Irrigation‐‐‐‐Narrows Reservoir (Badin Lake) A/I (CGL) n/a 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NWN‐00 New Future Industry‐‐‐‐Narrows Reservoir (Badin Lake) IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

NWN‐14d City of Albemarle‐‐‐‐US 52 HWY WTP PW/WU
Yadkin River at Narrows 
(Reservoir: Narrows (Badin Lake))

3.8 4.2 3.1 3.3 2.8 3.1 ND 3.0 3.0 5.4 6.7 7.3 10.0 10.8 11.4

Withdrawal Subtotal 4.0 4.5 3.3 3.5 3.0 3.3 0.2 3.2 3.3 5.7 7.5 8.1 10.7 11.5 12.1

Returns
NRN‐02 Aluminum Company Of America‐‐‐‐Badin Works IND Subbasin 03‐07‐08 0.6 0.3 0.1 0.3 0.3 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Return Subtotal 0.6 0.3 0.1 0.3 0.3 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

NARROWS RESERVOIR (BADIN LAKE) TOTAL NET WITHDRAWALS 3.5 4.2 3.2 3.3 2.7 3.1 0.1 3.1 3.1 5.5 7.3 7.9 10.6 11.4 12.0

FALLS RESERVOIR

Withdrawals
FWAI‐5 Agriculture/Irrigation‐‐‐‐Falls Reservoir A/I (CGL) n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NWF‐00 New Future Industry‐‐‐‐Falls Reservoir IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

Withdrawal Subtotal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

Returns

None None None ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

None None None ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

None None None ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

Return Subtotal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

FALLS RESERVOIR TOTAL NET WITHDRAWALS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 2A)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

LAKE TILLERY

Withdrawals
LWAI‐6 Agriculture/Irrigation‐‐‐‐Lake Tillery A/I (CGL) n/a 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8
NWL‐00 New Future Industry‐‐‐‐Lake Tillery IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0

NWB‐76e
Union County Public Works‐‐‐‐Planned Yadkin River Water Intake 
(Future)

PW/WU n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.1 11.8 16.5 18.8

NWL‐05b Asheboro‐‐‐‐W. L. Brown Jr WTP (Lake Lucas intake) PW/WU Back Creek (Reservoir: Lake Lucas) 1.7 1.8 1.9 1.8 1.5 1.6 1.6 1.6 1.6 2.1 2.9 3.3 3.6 4.1 4.5

NWL‐05c Asheboro‐‐‐‐W. L. Brown Jr WTP (Lake Reese intake) PW/WU Uwharrie (Reservoir: Lake Reese) 3.1 3.3 3.3 3.1 2.7 2.8 2.8 2.8 2.8 3.7 5.1 5.8 6.3 7.2 7.9

NWL‐42 Montgomery County‐‐‐‐Montgomery County WTP PW/WU
LAKE TILLERY (Reservoir: Lake 
Tillery)

2.5 3.1 3.5 3.9 3.0 2.4 2.1 2.2 2.2 2.3 2.3 2.3 2.4 2.5 2.5

NWL‐69a Town of Norwood‐‐‐‐Norwood WTP PW/WU
Yadkin River (Reservoir: Lake 
Tillery)

0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.4 0.4 0.5 0.5 0.5 0.5 0.5 0.5

NNH‐30g Duke Energy Carolinas, LLC‐‐‐‐Additional Nuclear Plant #2 TEP
Yadkin River (Reservoir: Lake 
Tillery)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 32.2 32.2

Withdrawal Subtotal 10.6 11.4 11.9 12.0 10.5 10.0 9.7 9.8 9.9 11.3 14.6 22.8 28.4 66.7 70.2

Returns
NRL‐34 Greater Badin Water & Sewer District‐‐‐‐Badin WWTP PW/WU Subbasin 03‐07‐08 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Return Subtotal 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

LAKE TILLERY TOTAL NET WITHDRAWALS 10.1 10.9 11.7 11.7 10.2 9.7 9.4 9.5 9.6 11.0 14.3 22.5 28.0 66.4 69.9

BLEWETT FALLS LAKE

Withdrawals
BWAI‐7 Agriculture/Irrigation‐‐‐‐Blewett Falls Lake A/I (CGL) n/a 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5

NWB‐35b Hedrick Industries‐‐‐‐Aquadale Quarry (Pump 1 ‐ Fresh Water Pond) IND Pump 1 ‐ Fresh Water Pond ND ND ND 0.4 0.2 0.3 0.4 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4

NWB‐35c Hedrick Industries‐‐‐‐Aquadale Quarry (Pump 2 ‐ Cement Pond) IND Pump 2 ‐ Cement Pond ND ND ND 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NWB‐55 Teledyne Allvac‐‐‐‐Monroe Plant IND Lower Pond ND ND ND ND 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
NWB‐56 The Fork, LLC‐‐‐‐The Fork, LLC IND Rocky River ND ND 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
NWB‐00 New Future Industry‐‐‐‐Blewett Falls Lake IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0

NWB‐03a Anson County‐‐‐‐Anson County Filtration Plant PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

5.5 6.0 6.0 5.4 5.7 6.6 6.8 5.7 4.6 4.6 4.7 4.8 4.9 5.0 5.2

NWB‐03b
Anson County‐‐‐‐Anson County Filtration Plant (treated wholesale to 
UCPW)

PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.8 2.4 2.4 0.0 0.0 0.0 0.0

NWB‐03c Anson County‐‐‐‐Anson County Filtration Plant (raw wholesale to UCPW) PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

NWB‐15a City of Concord‐‐‐‐Coddle Creek WTP PW/WU
Coddle Creek (Reservoir: Lake Don 
T. Howell)

6.8 7.8 9.6 ND 8.0 8.0 8.0 8.0 8.0 7.3 8.3 8.5 9.1 12.2 14.1

NWB‐15d City of Concord‐‐‐‐Hillgrove WTP (Lake Fisher intake) PW/WU
Cold Water Creek (Reservoir: Lake 
Fisher)

2.1 2.4 2.9 ND 2.5 2.5 2.5 2.5 2.5 2.3 2.5 2.6 2.8 3.8 4.3

NWB‐17a City of Kannapolis‐‐‐‐City of Kannapolis WTP PW/WU
Irish Buffalo Creek (Reservoir: 
Kannapolis Lake)

6.5 5.4 7.8 5.4 7.6 3.8 4.9 3.4 4.1 3.2 3.7 3.7 4.0 5.4 6.2

NWB‐17c
City of Kannapolis‐‐‐‐City of Kannapolis WTP (supplemental intake ‐ Lake 
Howell)

PW/WU
Coddle Creek (Reservoir: Lake 
Howell)

0.7 0.6 0.9 0.6 0.9 0.4 0.6 0.4 0.5 0.4 0.4 0.4 0.5 0.6 0.7

NWB‐20a City of Monroe‐‐‐‐John Glenn WTP PW/WU
Stewarts Creek (Reservoir: Lake 
Twitty)

7.0 6.9 6.2 ND 5.7 6.0 6.2 5.9 6.0 6.4 7.0 8.3 9.9 11.7 13.9

NWB‐77a Water and Sewer Authority of Cabarrus County‐‐‐‐Mt. Pleasant WTF PW/WU Dutch Buffalo Creek 0.3 0.3 0.3 0.2 0.2 0.3 0.3 0.2 0.3 0.3 0.3 0.4 0.4 0.5 0.5

NWB‐88 Richmond County‐‐‐‐Richmond County WTP PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

3.7 3.2 3.9 3.3 2.7 3.0 3.7 ND 3.4 3.4 3.4 3.5 3.6 3.7 3.8

NNB‐30c Duke Energy Carolinas, LLC‐‐‐‐Smith Energy Complex TEP n/a 0.0 ND 0.8 0.9 1.2 1.7 3.3 4.2 4.2 6.0 6.0 6.0 6.0 6.0 6.0

NNH‐30f Duke Energy Carolinas, LLC‐‐‐‐Additional Nuclear Plant #1 TEP
Pee Dee River (Reservoir: Blewett 
Falls Lake)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 32.2 32.2

Withdrawal Subtotal 44.0 44.1 50.2 28.1 48.7 46.5 50.5 44.7 49.5 50.5 53.9 53.5 56.5 96.4 102.2



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 2A)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

Returns
NRB‐35a Hedrick Industries‐‐‐‐Aquadale Quarry IND Subbasin 03‐07‐13 1.2 ND 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
NRB‐83 Carolina Stalite Company‐‐‐‐Carolina Stalite Company IND Subbasin 03‐07‐13 0.8 0.5 0.5 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRB‐13 Charlotte Mecklenburg Utility Department‐‐‐‐Mallard Creek WWTP PW/WU Subbasin 03‐07‐11 5.1 5.5 7.8 7.5 8.2 7.9 8.4 7.9 8.1 8.6 9.6 11.4 13.6 16.3 19.4
NRB‐14a City of Albemarle‐‐‐‐Long Creek WWTP PW/WU Subbasin 03‐07‐13 8.1 9.1 7.4 5.5 6.1 5.7 5.3 5.0 5.3 5.7 6.4 6.8 6.9 7.2 7.4
NRB‐15b City of Concord‐‐‐‐Coddle Creek WTP PW/WU Subbasin 03‐07‐11 0.4 1.0 0.2 0.1 0.3 0.4 0.4 0.3 0.4 0.3 0.4 0.4 0.4 0.5 0.6
NRB‐17b City of Kannapolis‐‐‐‐City of Kannapolis WTP PW/WU Subbasin 03‐07‐12 0.6 0.2 0.4 0.3 0.3 0.3 0.3 0.2 0.3 0.2 0.3 0.3 0.3 0.4 0.4
NRB‐20b City of Monroe‐‐‐‐John Glenn WTP PW/WU Subbasin 03‐07‐14 0.4 0.3 0.8 0.8 0.8 0.7 0.7 0.8 0.7 0.8 0.9 1.0 1.2 1.4 1.7
NRB‐20c City of Monroe‐‐‐‐Monroe WWTP PW/WU Subbasin 03‐07‐14 7.1 6.6 6.5 6.4 6.4 6.4 5.8 6.0 6.1 6.4 7.0 8.3 9.9 11.8 14.0
NRB‐20d City of Monroe‐‐‐‐Monroe WWTP (allotment to Union County) PW/WU Subbasin 03‐07‐14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2 1.5 2.1 3.4 4.7 6.6 7.6
NRB‐52 Stanly County‐‐‐‐West Stanly WWTP PW/WU Subbasin 03‐07‐14 0.4 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.5
NRB‐59 Town of Biscoe‐‐‐‐Biscoe WWTP PW/WU Subbasin 03‐07‐15 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRB‐66 Town of Mooresville‐‐‐‐Rocky River WWTP (Town of Mooresville) PW/WU Subbasin 03‐07‐11 3.0 2.5 2.9 3.0 3.2 3.4 3.3 3.4 3.4 3.5 3.7 4.2 4.6 5.2 5.8
NRB‐67 Town of Mount Gilead‐‐‐‐Mount Gilead WWTP PW/WU Subbasin 03‐07‐10 0.4 0.4 0.4 0.3 0.1 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRB‐69b Town of Norwood‐‐‐‐Norwood WWTP PW/WU Subbasin 03‐07‐14 0.5 0.4 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRB‐71 Town of Troy‐‐‐‐Troy WWTP PW/WU Subbasin 03‐07‐15 0.6 0.6 0.5 0.4 0.4 0.4 0.4 0.5 0.4 0.4 0.5 0.5 0.5 0.5 0.5
NRB‐76a Union County Public Works‐‐‐‐Crooked Creek WWTP #2 PW/WU Subbasin 03‐07‐12 1.1 1.2 1.3 1.1 1.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

NRB‐76a(F) Union County Public Works‐‐‐‐Crooked Creek WWTP #2 (Future) PW/WU Subbasin 03‐07‐12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.1 1.5 1.5 1.5 1.5 1.5
NRB‐76b Union County Public Works‐‐‐‐Hunley Creek WWTP PW/WU Subbasin 03‐07‐12 0.1 0.2 ND ND ND ND ND ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NRB‐76c Union County Public Works‐‐‐‐Grassy Branch WWTP PW/WU Subbasin 03‐07‐12 ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1
NRB‐76d Union County Public Works‐‐‐‐Tallwood Estates WWTP PW/WU Subbasin 03‐07‐12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1

NRB‐77c
Water and Sewer Authority of Cabarrus County‐‐‐‐Rocky River WWTP 
(WSACC)

PW/WU Subbasin 03‐07‐12 17.1 14.6 14.7 14.3 14.7 14.4 14.2 13.9 14.2 14.9 16.1 18.4 21.1 24.1 27.7

NRB‐84 City of Charlotte‐‐‐‐Cabarrus Woods WWTP PW/WU Subbasin 03‐07‐11 0.3 0.4 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.5 0.5 0.6 0.6 0.7 0.8
NRB‐04 Aqua North Carolina, Inc‐‐‐‐Country Wood WWTP PW/WU (D) Subbasin 03‐07‐12 0.0 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.4 0.4 0.5
NRB‐09 Bradfield Farms Water Company‐‐‐‐Bradfield Farms WWTP PW/WU (D) Subbasin 03‐07‐11 0.1 0.1 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.5 0.5 0.7

NRB‐11 Carolina Water Service Inc of North Carolina‐‐‐‐Hemby Acres WWTP PW/WU (D) Subbasin 03‐07‐12 0.1 0.1 0.1 0.5 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2

Return Subtotal 47.9 44.5 45.3 42.4 44.0 43.2 42.4 41.6 43.6 46.1 51.0 59.1 68.0 79.0 90.5

BLEWETT FALLS LAKE TOTAL NET WITHDRAWALS ‐3.9 ‐0.4 4.9 ‐14.3 4.7 3.3 8.1 3.1 5.9 4.4 2.8 ‐5.6 ‐11.6 17.4 11.7

DOWNSTREAM OF BLEWETT FALLS LAKE (NC)

Withdrawals
DWAI‐8 Agriculture/Irrigation‐‐‐‐Downstream of Blewett Falls Lake (NC) A/I (CGL) n/a 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
NWD‐00 New Future Industry‐‐‐‐Downstream of Blewett Falls Lake (NC) IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0
NWD‐94a B.V. Hedrick Gravel And Sand Co.‐‐‐‐Hedrick Mine (Pump House ‐ 1) IND Pump House ‐ 1 ND ND ND 1.7 2.1 2.1 1.8 0.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
NWD‐94b B.V. Hedrick Gravel And Sand Co.‐‐‐‐Hedrick Mine (Pump House ‐ 3) IND Pump House ‐ 3 ND ND ND 1.7 2.1 2.0 1.8 0.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
NWD‐94c B.V. Hedrick Gravel And Sand Co.‐‐‐‐Hedrick Mine (Pump House ‐ 4) IND Pump House ‐ 4 ND ND ND 1.7 2.1 2.1 1.8 0.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4

NWD‐91a City of Hamlet‐‐‐‐Hamlet WTP PW/WU
Hamlet Water System (Reservoir: 
Hamlet Water Lake)

1.4 1.5 1.2 1.1 1.1 1.2 1.1 1.2 1.2 1.2 1.2 1.2 1.3 1.3 1.3

NWD‐90b City of Rockingham‐‐‐‐Rockingham WTP (City Pond intake) PW/WU City Pond (Reservoir: City Pond) 1.1 0.8 1.1 0.9 0.9 0.8 1.0 1.1 1.0 1.0 1.0 1.0 1.0 1.1 1.1

NWD‐90c City of Rockingham‐‐‐‐Rockingham WTP (Roberdel Lake intake) PW/WU
Roberdel Lake (Reservoir: 
Roberdel Lake)

2.1 1.6 2.1 1.8 1.7 1.7 2.0 2.2 2.0 2.0 2.0 2.0 2.1 2.1 2.2

NWD‐93 Town of Wadesboro‐‐‐‐Town of Wadesboro WTP PW/WU Jones Creek (Reservoir: City Pond) 1.4 0.9 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.9 0.9 0.9

Withdrawal Subtotal 8.0 6.8 7.2 11.7 12.8 12.7 12.4 8.4 11.2 11.2 12.3 12.4 12.5 12.6 12.8

Returns
NRD‐03d Anson County‐‐‐‐Anson County Regional WWTP PW/WU Subbasin 03‐07‐16 2.4 1.1 1.3 1.4 1.3 1.4 1.2 1.4 1.3 1.3 1.4 1.4 1.4 1.5 1.5
NRD‐03e Anson County‐‐‐‐Anson County Filtration Plant PW/WU Subbasin 03‐07‐16 0.6 0.6 0.7 0.7 0.7 0.5 0.5 0.6 0.5 0.5 0.5 0.5 0.6 0.6 0.6
NRD‐92 Burlington Industries LLC‐‐‐‐Richmond Plant IND Subbasin 03‐07‐16 0.5 0.5 0.3 0.3 0.2 0.3 0.3 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3
NRD‐91b City of Hamlet‐‐‐‐Hamlet WWTP PW/WU Subbasin 03‐07‐16 0.7 0.8 0.7 0.8 0.7 0.8 0.7 0.6 0.7 0.7 0.7 0.7 0.7 0.8 0.8
NRD‐90a City of Rockingham‐‐‐‐Rockingham WWTP PW/WU Subbasin 03‐07‐16 4.8 4.3 3.8 4.1 3.1 2.7 2.4 3.0 2.7 2.7 2.8 2.8 2.9 3.0 3.1
NRD‐88b Richmond County‐‐‐‐Richmond County WTP PW/WU Subbasin 03‐07‐16 0.1 0.2 0.3 0.3 0.4 0.4 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Return Subtotal 9.1 7.5 7.0 7.5 6.3 6.0 5.3 6.0 5.8 5.8 5.9 6.0 6.2 6.3 6.5

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) TOTAL NET WITHDRAWALS ‐1.1 ‐0.7 0.2 4.2 6.4 6.7 7.1 2.4 5.4 5.4 6.4 6.4 6.3 6.3 6.3

GRAND TOTAL (ALL BASINS)
WITHDRAWALS 185.6 185.7 191.7 158.8 176.3 178.5 175.3 174.0 179.8 192.0 211.2 227.3 244.3 331.3 347.5

RETURNS 123.2 115.9 115.0 108.3 112.1 113.6 110.7 105.1 111.5 116.9 127.3 141.9 154.9 170.6 187.7

NET WITHDRAWALS 62.4 69.8 76.6 50.6 64.2 65.0 64.6 68.9 68.3 75.1 83.9 85.4 89.5 160.7 159.8



Projected Net Withdrawals by Month (mgd) (Alternative 2A)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Public Water/Wastewater Utilities

Base 20.23 1.50 0.93 ‐6.20 8.74 23.81 40.24 44.94 42.76 36.83 29.16 15.69 3.40

2015 22.96 3.20 2.52 ‐4.90 10.87 26.82 44.06 48.79 46.53 40.51 32.28 18.35 5.44

2020 24.82 3.30 2.58 ‐5.40 11.67 28.91 47.70 52.82 50.43 43.92 35.03 19.92 5.80

2030 26.30 1.64 0.86 ‐7.73 11.82 31.49 52.19 57.95 54.94 47.81 37.95 20.73 4.75

2040 30.35 3.01 1.93 ‐7.18 14.67 36.75 58.96 65.12 61.47 54.04 43.33 24.40 6.47

2050 34.77 4.25 2.77 ‐6.90 17.66 42.48 66.62 73.46 69.11 61.00 49.46 28.14 7.80

2060 33.86 0.51 ‐1.22 ‐11.61 15.45 42.51 68.44 75.99 70.97 62.36 50.12 26.84 4.40

Industrial

Base 5.84 5.41 5.49 5.41 5.49 5.45 5.60 5.70 5.53 5.78 7.25 7.15 5.68

2015 5.83 5.40 5.48 5.41 5.49 5.45 5.59 5.69 5.53 5.77 7.25 7.14 5.67

2020 11.32 10.89 10.97 10.90 10.98 10.94 11.09 11.18 11.02 11.26 12.74 12.63 11.16

2030 11.30 10.87 10.95 10.88 10.96 10.92 11.07 11.16 11.00 11.24 12.71 12.61 11.14

2040 11.28 10.84 10.92 10.86 10.94 10.90 11.04 11.14 10.98 11.22 12.69 12.59 11.12

2050 11.25 10.81 10.90 10.83 10.92 10.87 11.02 11.12 10.96 11.19 12.66 12.56 11.09

2060 11.23 10.78 10.86 10.80 10.89 10.84 10.99 11.09 10.93 11.17 12.63 12.53 11.06

Agriculture/Irrigation

Base 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2015 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2020 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2030 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2040 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2050 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2060 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

Power

Base 4.44 3.75 4.93 4.72 4.05 4.27 4.82 6.31 5.59 4.27 2.82 3.47 4.24

2015 8.49 8.27 8.50 8.48 8.51 8.55 8.75 8.87 8.89 8.73 8.40 8.04 7.89

2020 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2030 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2040 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2050 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

2060 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

Total

Base 73.68 12.50 14.32 14.92 46.51 88.39 150.89 181.35 156.76 106.79 62.57 32.53 15.62

2015 80.46 18.72 19.48 19.98 53.10 95.68 158.64 187.76 163.82 114.92 71.27 39.75 21.30

2020 90.30 26.58 27.53 27.44 61.90 105.81 170.52 200.15 176.10 126.55 81.91 48.85 29.05

2030 91.76 24.89 25.79 25.10 62.03 108.36 174.99 205.25 180.59 130.41 84.80 49.64 27.97

2040 95.79 26.24 26.83 25.62 64.86 113.60 181.73 212.40 187.09 136.62 90.16 53.29 29.67

2050 167.00 99.80 96.90 88.46 128.57 180.62 259.19 294.51 268.43 211.13 159.54 119.15 96.19

2060 166.06 96.02 92.88 83.73 126.34 180.62 260.99 297.01 270.27 212.46 160.16 117.82 92.76

Year

Annual 

Average

Month



Projected Withdrawals by Month (mgd) (Alternative 2A)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Public Water/Wastewater Utilities

Base 133.37 124.27 122.00 121.49 126.39 136.71 149.28 148.91 149.80 143.65 134.49 123.73 119.08

2015 141.48 131.77 129.41 128.89 134.09 145.09 158.30 157.72 158.68 152.48 142.59 131.49 126.56

2020 153.79 143.25 140.70 140.21 145.75 157.61 171.97 171.30 172.48 165.80 155.07 143.03 137.57

2030 170.03 157.62 154.82 154.49 161.19 174.83 190.63 189.99 191.05 183.65 171.72 157.94 151.63

2040 187.19 173.17 170.01 169.83 177.57 193.04 210.00 209.23 210.11 202.27 189.24 174.07 166.84

2050 207.44 191.56 187.91 187.99 196.90 214.40 232.86 232.17 232.93 224.25 210.07 192.87 184.47

2060 223.77 206.49 202.49 202.74 212.49 231.47 251.24 250.58 251.32 241.95 226.73 207.97 198.79

Industrial

Base 10.01 9.94 9.90 9.82 9.85 9.72 9.60 9.83 9.95 10.00 11.11 10.87 9.53

2015 10.01 9.94 9.90 9.82 9.85 9.72 9.60 9.83 9.95 10.00 11.11 10.87 9.53

2020 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2030 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2040 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2050 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2060 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

Agriculture/Irrigation

Base 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2015 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2020 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2030 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2040 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2050 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2060 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

Power

Base 4.44 3.75 4.93 4.72 4.05 4.27 4.82 6.31 5.59 4.27 2.82 3.47 4.24

2015 8.49 8.27 8.50 8.48 8.51 8.55 8.75 8.87 8.89 8.73 8.40 8.04 7.89

2020 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2030 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2040 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2050 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

2060 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

Total

Base 191.00 139.80 139.80 147.01 168.53 205.55 263.93 289.46 268.21 217.82 171.76 144.30 135.14

2015 203.16 151.82 150.79 158.17 180.69 218.21 276.89 300.83 280.38 231.11 185.45 156.63 146.28

2020 223.46 171.07 170.08 177.47 200.35 238.78 298.80 322.78 302.58 252.66 205.82 175.71 164.68

2030 239.70 185.45 184.19 191.75 215.79 256.00 317.47 341.47 321.15 270.50 222.47 190.62 178.74

2040 256.86 200.99 199.39 207.09 232.18 274.22 336.83 360.71 340.20 289.13 239.99 206.74 193.94

2050 343.93 291.72 286.54 287.84 312.25 356.89 429.52 457.43 436.74 378.68 324.10 287.69 276.79

2060 360.26 306.66 301.12 302.58 327.84 373.96 447.90 475.84 455.13 396.38 340.76 302.80 291.12

Year

Annual 

Average

Month



Projected Returns by Month (mgd) (Alternative 2A)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Public Water/Wastewater Utilities

Base 113.14 122.77 121.07 127.69 117.65 112.90 109.04 103.97 107.03 106.82 105.33 108.04 115.68

2015 118.52 128.57 126.90 133.78 123.22 118.27 114.24 108.93 112.15 111.97 110.31 113.14 121.12

2020 128.98 139.95 138.13 145.61 134.07 128.69 124.27 118.49 122.05 121.88 120.03 123.12 131.77

2030 143.73 155.98 153.95 162.21 149.37 143.34 138.45 132.05 136.11 135.84 133.78 137.21 146.88

2040 156.83 170.16 168.09 177.01 162.90 156.29 151.05 144.12 148.64 148.23 145.91 149.66 160.37

2050 172.67 187.30 185.14 194.89 179.24 171.93 166.24 158.70 163.82 163.24 160.61 164.73 176.67

2060 189.91 205.98 203.71 214.34 197.04 188.96 182.80 174.59 180.34 179.59 176.62 181.14 194.39

Industrial

Base 4.17 4.53 4.41 4.40 4.36 4.27 4.00 4.14 4.41 4.22 3.86 3.73 3.85

2015 4.18 4.54 4.41 4.41 4.37 4.27 4.01 4.14 4.42 4.22 3.87 3.73 3.85

2020 4.19 4.55 4.42 4.42 4.38 4.28 4.02 4.15 4.43 4.23 3.88 3.74 3.86

2030 4.21 4.57 4.45 4.44 4.40 4.30 4.04 4.17 4.45 4.25 3.90 3.76 3.88

2040 4.23 4.60 4.47 4.46 4.42 4.32 4.06 4.19 4.47 4.28 3.92 3.79 3.91

2050 4.26 4.63 4.50 4.48 4.44 4.35 4.08 4.21 4.49 4.30 3.95 3.82 3.93

2060 4.28 4.66 4.53 4.51 4.46 4.38 4.11 4.24 4.51 4.33 3.98 3.85 3.96

Agriculture/Irrigation

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Power

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total

Base 117.31 127.30 125.48 132.09 122.02 117.16 113.04 108.11 111.45 111.04 109.19 111.77 119.53

2015 122.70 133.10 131.31 138.19 127.59 122.54 118.25 113.07 116.57 116.19 114.18 116.88 124.98

2020 133.16 144.50 142.55 150.02 138.45 132.97 128.28 122.64 126.48 126.11 123.91 126.86 135.63

2030 147.94 160.55 158.40 166.65 153.76 147.64 142.48 136.21 140.56 140.09 137.68 140.98 150.77

2040 161.06 174.75 172.56 181.47 167.31 160.62 155.10 148.31 153.11 152.51 149.84 153.45 164.28

2050 176.93 191.93 189.64 199.37 183.67 176.28 170.33 162.92 168.31 167.55 164.56 168.55 180.60

2060 194.20 210.64 208.24 218.86 201.50 193.34 186.91 178.83 184.86 183.92 180.60 184.98 198.35

Year

Annual 

Average

Month



Projected Flow by Month (mgd) (Alternative 2A)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

WITHDRAWALS

Base 191.00 139.80 139.80 147.01 168.53 205.55 263.93 289.46 268.21 217.82 171.76 144.30 135.14

2015 203.16 151.82 150.79 158.17 180.69 218.21 276.89 300.83 280.38 231.11 185.45 156.63 146.28

2020 223.46 171.07 170.08 177.47 200.35 238.78 298.80 322.78 302.58 252.66 205.82 175.71 164.68

2030 239.70 185.45 184.19 191.75 215.79 256.00 317.47 341.47 321.15 270.50 222.47 190.62 178.74

2040 256.86 200.99 199.39 207.09 232.18 274.22 336.83 360.71 340.20 289.13 239.99 206.74 193.94

2050 343.93 291.72 286.54 287.84 312.25 356.89 429.52 457.43 436.74 378.68 324.10 287.69 276.79

2060 360.26 306.66 301.12 302.58 327.84 373.96 447.90 475.84 455.13 396.38 340.76 302.80 291.12

RETURNS

Base 117.31 127.30 125.48 132.09 122.02 117.16 113.04 108.11 111.45 111.04 109.19 111.77 119.53

2015 122.70 133.10 131.31 138.19 127.59 122.54 118.25 113.07 116.57 116.19 114.18 116.88 124.98

2020 133.16 144.50 142.55 150.02 138.45 132.97 128.28 122.64 126.48 126.11 123.91 126.86 135.63

2030 147.94 160.55 158.40 166.65 153.76 147.64 142.48 136.21 140.56 140.09 137.68 140.98 150.77

2040 161.06 174.75 172.56 181.47 167.31 160.62 155.10 148.31 153.11 152.51 149.84 153.45 164.28

2050 176.93 191.93 189.64 199.37 183.67 176.28 170.33 162.92 168.31 167.55 164.56 168.55 180.60

2060 194.20 210.64 208.24 218.86 201.50 193.34 186.91 178.83 184.86 183.92 180.60 184.98 198.35

NET WITHDRAWAL

Base 73.68 12.50 14.32 14.92 46.51 88.39 150.89 181.35 156.76 106.79 62.57 32.53 15.62

2015 80.46 18.72 19.48 19.98 53.10 95.68 158.64 187.76 163.82 114.92 71.27 39.75 21.30

2020 90.30 26.58 27.53 27.44 61.90 105.81 170.52 200.15 176.10 126.55 81.91 48.85 29.05

2030 91.76 24.89 25.79 25.10 62.03 108.36 174.99 205.25 180.59 130.41 84.80 49.64 27.97

2040 95.79 26.24 26.83 25.62 64.86 113.60 181.73 212.40 187.09 136.62 90.16 53.29 29.67

2050 167.00 99.80 96.90 88.46 128.57 180.62 259.19 294.51 268.43 211.13 159.54 119.15 96.19

2060 166.06 96.02 92.88 83.73 126.34 180.62 260.99 297.01 270.27 212.46 160.16 117.82 92.76

Year

Annual 

Average

Month



Projected Flow by Subbasin (mgd) (Alternative 2A)

Subbasins

Year Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM OF 

BLEWETT FALLS LAKE (NC)

WITHDRAWALS

Base 191.00 2.71 110.39 4.12 3.26 0.02 9.85 49.49 11.16

2015 203.16 2.71 116.16 5.65 5.68 0.02 11.26 50.49 11.20

2020 223.46 9.53 118.73 6.47 7.46 0.52 14.60 53.88 12.26

2030 239.70 9.71 126.05 6.67 15.13 0.52 15.77 53.47 12.39

2040 256.86 9.88 130.26 8.11 22.50 0.52 16.60 56.47 12.52

2050 343.93 10.07 137.82 8.26 27.99 0.52 50.26 96.37 12.65

2060 360.26 10.25 143.77 8.40 30.94 0.52 51.41 102.19 12.78

RETURNS

Base 117.31 0.21 66.70 0.55 0.16 0.00 0.29 43.62 5.78

2015 122.70 0.21 69.47 0.65 0.16 0.00 0.29 46.09 5.82

2020 133.16 0.21 74.88 0.68 0.16 0.00 0.30 51.04 5.89

2030 147.94 0.21 81.42 0.70 0.16 0.00 0.31 59.11 6.03

2040 161.06 0.21 85.37 0.80 0.16 0.00 0.32 68.02 6.18

2050 176.93 0.21 90.10 0.82 0.16 0.00 0.33 78.97 6.33

2060 194.20 0.21 95.63 0.84 0.16 0.00 0.35 90.53 6.48

NET WITHDRAWALS

Base 73.68 2.49 43.69 3.56 3.10 0.02 9.56 5.87 5.38

2015 80.46 2.49 46.70 4.99 5.51 0.02 10.96 4.40 5.38

2020 90.30 9.32 43.85 5.79 7.30 0.52 14.30 2.85 6.37

2030 91.76 9.49 44.63 5.97 14.97 0.52 15.46 ‐5.64 6.36

2040 95.79 9.67 44.89 7.31 22.33 0.52 16.28 ‐11.55 6.34

2050 167.00 9.85 47.73 7.44 27.83 0.52 49.92 17.40 6.32

2060 166.06 10.04 48.14 7.56 30.78 0.52 51.07 11.66 6.30
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Projected Withdrawals by Subbasin (mgd) (Alternative 2A)

Subbasin Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR 2.71 2.71 9.53 9.71 9.88 10.07 10.25

HIGH ROCK LAKE 110.39 116.16 118.73 126.05 130.26 137.82 143.77

TUCKERTOWN RESERVOIR 4.12 5.65 6.47 6.67 8.11 8.26 8.40

NARROWS RESERVOIR (BADIN LAKE) 3.26 5.68 7.46 15.13 22.50 27.99 30.94

FALLS RESERVOIR 0.02 0.02 0.52 0.52 0.52 0.52 0.52

LAKE TILLERY 9.85 11.26 14.60 15.77 16.60 50.26 51.41

BLEWETT FALLS LAKE 49.49 50.49 53.88 53.47 56.47 96.37 102.19

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) 11.16 11.20 12.26 12.39 12.52 12.65 12.78

Total 191.00 203.16 223.46 239.70 256.86 343.93 360.26

Projected Returns by Subbasin (mgd) (Alternative 2A)

Subbasin Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR 0.21 0.21 0.21 0.21 0.21 0.21 0.21

HIGH ROCK LAKE 66.70 69.47 74.88 81.42 85.37 90.10 95.63

TUCKERTOWN RESERVOIR 0.55 0.65 0.68 0.70 0.80 0.82 0.84

NARROWS RESERVOIR (BADIN LAKE) 0.16 0.16 0.16 0.16 0.16 0.16 0.16

FALLS RESERVOIR 0.00 0.00 0.00 0.00 0.00 0.00 0.00

LAKE TILLERY 0.29 0.29 0.30 0.31 0.32 0.33 0.35

BLEWETT FALLS LAKE 43.62 46.09 51.04 59.11 68.02 78.97 90.53

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) 5.78 5.82 5.89 6.03 6.18 6.33 6.48

Total 117.31 122.70 133.16 147.94 161.06 176.93 194.20

Projected Net Withdrawals by Subbasin (mgd) (Alternative 2A)

Subbasin Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR 2.49 2.49 9.32 9.49 9.67 9.85 10.04

HIGH ROCK LAKE 43.69 46.70 43.85 44.63 44.89 47.73 48.14

TUCKERTOWN RESERVOIR 3.56 4.99 5.79 5.97 7.31 7.44 7.56

NARROWS RESERVOIR (BADIN LAKE) 3.10 5.51 7.30 14.97 22.33 27.83 30.78

FALLS RESERVOIR 0.02 0.02 0.52 0.52 0.52 0.52 0.52

LAKE TILLERY 9.56 10.96 14.30 15.46 16.28 49.92 51.07

BLEWETT FALLS LAKE 5.87 4.40 2.85 ‐5.64 ‐11.55 17.40 11.66

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) 5.38 5.38 6.37 6.36 6.34 6.32 6.30

Total 73.68 80.46 90.30 91.76 95.79 167.00 166.06



Projected Net Withdrawals by Subbasin (mgd) (Alternative 2A)

Subbasin

Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM 

OF BLEWETT 

FALLS LAKE (NC)

Public Water/Wastewater Utilities

Base 20.23 0.00 20.19 3.07 3.03 0.00 6.76 ‐12.19 ‐0.63

2015 22.96 0.00 20.96 4.50 5.44 0.00 8.16 ‐15.47 ‐0.63

2020 24.82 6.83 14.63 4.80 6.73 0.00 10.50 ‐18.03 ‐0.64

2030 26.30 7.00 15.44 4.98 14.40 0.00 11.65 ‐26.51 ‐0.66

2040 30.35 7.18 15.72 6.31 21.76 0.00 12.48 ‐32.43 ‐0.68

2050 34.77 7.36 16.09 6.44 27.26 0.00 13.96 ‐35.64 ‐0.69

2060 33.86 7.55 16.53 6.56 30.21 0.00 15.10 ‐41.38 ‐0.71

Industrial

Base 5.84 ‐0.02 ‐0.36 0.00 ‐0.16 0.00 0.00 2.35 4.03

2015 5.83 ‐0.02 ‐0.36 0.00 ‐0.16 0.00 0.00 2.35 4.03

2020 11.32 ‐0.02 0.63 0.50 0.34 0.50 1.00 3.35 5.03

2030 11.30 ‐0.02 0.61 0.50 0.34 0.50 1.00 3.35 5.03

2040 11.28 ‐0.02 0.58 0.50 0.34 0.50 1.00 3.35 5.03

2050 11.25 ‐0.02 0.56 0.50 0.34 0.50 1.00 3.35 5.03

2060 11.23 ‐0.02 0.53 0.50 0.34 0.50 1.00 3.35 5.03

Agriculture/Irrigation

Base 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2015 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2020 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2030 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2040 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2050 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2060 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

Power

Base 4.44 0.00 0.25 0.00 0.00 0.00 0.00 4.18 0.00

2015 8.49 0.00 2.49 0.00 0.00 0.00 0.00 6.00 0.00

2020 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2030 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2040 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2050 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

2060 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

Total

Base 73.68 2.49 43.69 3.56 3.10 0.02 9.56 5.87 5.38

2015 80.46 2.49 46.70 4.99 5.51 0.02 10.96 4.40 5.38

2020 90.30 9.32 43.85 5.79 7.30 0.52 14.30 2.85 6.37

2030 91.76 9.49 44.63 5.97 14.97 0.52 15.46 ‐5.64 6.36

2040 95.79 9.67 44.89 7.31 22.33 0.52 16.28 ‐11.55 6.34

2050 167.00 9.85 47.73 7.44 27.83 0.52 49.92 17.40 6.32

2060 166.06 10.04 48.14 7.56 30.78 0.52 51.07 11.66 6.30

Year



Projected Withdrawals by Subbasin (mgd) (Alternative 2A)

Subbasin

Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM 

OF BLEWETT 

FALLS LAKE (NC)

Public Water/Wastewater Utilities

Base 133.37 0.00 83.77 3.62 3.03 0.00 7.05 31.01 4.89

2015 141.48 0.00 87.30 5.15 5.44 0.00 8.45 30.20 4.93

2020 153.79 6.83 86.38 5.48 6.73 0.00 10.79 32.59 4.99

2030 170.03 7.00 93.69 5.68 14.40 0.00 11.96 32.17 5.12

2040 187.19 7.18 97.91 7.12 21.76 0.00 12.80 35.17 5.25

2050 207.44 7.36 102.98 7.26 27.26 0.00 14.29 42.92 5.38

2060 223.77 7.55 108.92 7.40 30.21 0.00 15.44 48.73 5.52

Industrial

Base 10.01 0.19 2.77 0.00 0.00 0.00 0.00 2.77 4.28

2015 10.01 0.19 2.77 0.00 0.00 0.00 0.00 2.77 4.28

2020 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2030 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2040 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2050 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2060 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

Agriculture/Irrigation

Base 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2015 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2020 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2030 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2040 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2050 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2060 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

Power

Base 4.44 0.00 0.25 0.00 0.00 0.00 0.00 4.18 0.00

2015 8.49 0.00 2.49 0.00 0.00 0.00 0.00 6.00 0.00

2020 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2030 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2040 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2050 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

2060 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

Total

Base 191.00 2.71 110.39 4.12 3.26 0.02 9.85 49.49 11.16

2015 203.16 2.71 116.16 5.65 5.68 0.02 11.26 50.49 11.20

2020 223.46 9.53 118.73 6.47 7.46 0.52 14.60 53.88 12.26

2030 239.70 9.71 126.05 6.67 15.13 0.52 15.77 53.47 12.39

2040 256.86 9.88 130.26 8.11 22.50 0.52 16.60 56.47 12.52

2050 343.93 10.07 137.82 8.26 27.99 0.52 50.26 96.37 12.65

2060 360.26 10.25 143.77 8.40 30.94 0.52 51.41 102.19 12.78

Year



Projected Returns by Subbasin (mgd) (Alternative 2A)

Subbasin

Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM 

OF BLEWETT 

FALLS LAKE (NC)

Public Water/Wastewater Utilities

Base 113.14 0.00 63.58 0.55 0.00 0.00 0.29 43.20 5.52

2015 118.52 0.00 66.34 0.65 0.00 0.00 0.29 45.67 5.57

2020 128.98 0.00 71.74 0.68 0.00 0.00 0.30 50.62 5.64

2030 143.73 0.00 78.26 0.70 0.00 0.00 0.31 58.69 5.78

2040 156.83 0.00 82.19 0.80 0.00 0.00 0.32 67.60 5.92

2050 172.67 0.00 86.89 0.82 0.00 0.00 0.33 78.56 6.07

2060 189.91 0.00 92.39 0.84 0.00 0.00 0.35 90.11 6.23

Industrial

Base 4.17 0.21 3.13 0.00 0.16 0.00 0.00 0.42 0.25

2015 4.18 0.21 3.13 0.00 0.16 0.00 0.00 0.42 0.25

2020 4.19 0.21 3.14 0.00 0.16 0.00 0.00 0.42 0.25

2030 4.21 0.21 3.16 0.00 0.16 0.00 0.00 0.42 0.25

2040 4.23 0.21 3.18 0.00 0.16 0.00 0.00 0.42 0.25

2050 4.26 0.21 3.21 0.00 0.16 0.00 0.00 0.42 0.25

2060 4.28 0.21 3.24 0.00 0.16 0.00 0.00 0.42 0.25

Agriculture/Irrigation

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Power

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total

Base 117.31 0.21 66.70 0.55 0.16 0.00 0.29 43.62 5.78

2015 122.70 0.21 69.47 0.65 0.16 0.00 0.29 46.09 5.82

2020 133.16 0.21 74.88 0.68 0.16 0.00 0.30 51.04 5.89

2030 147.94 0.21 81.42 0.70 0.16 0.00 0.31 59.11 6.03

2040 161.06 0.21 85.37 0.80 0.16 0.00 0.32 68.02 6.18

2050 176.93 0.21 90.10 0.82 0.16 0.00 0.33 78.97 6.33

2060 194.20 0.21 95.63 0.84 0.16 0.00 0.35 90.53 6.48

Year



Base Year 2060

Industrial

Withdrawals 2010‐2012 Average 10.0 15.5 0.92
Returns 2010‐2012 Average 4.2 4.3 0.06
Net Withdrawals 2010‐2012 Average 5.8 11.2 1.37

Public Water/ Wastewater

Withdrawals 2010‐2012 Average 133.4 223.8 1.08
Returns 2010‐2012 Average 113.1 189.9 1.08
Net Withdrawals 2010‐2012 Average 20.2 33.9 1.08

Agriculture/Irrigation

Withdrawals 2010‐2012 Average 43.2 43.2 0.00
Returns 2010‐2012 Average 0.0 0.0 n/a
Net Withdrawals 2010‐2012 Average 43.2 43.2 0.00

Subtotal (Excluding Power)‐ Net Withdrawals 2010‐2012 Average 69.2 88.3 0.51
Public Water Supply/Wastewater and Industrial 26.1 45.1

Power

Net Withdrawals 2010‐2012 Average 4.4 77.8 6.15
Returns 2010‐2012 Average 0.0 0.0 n/a
Net Withdrawals 2010‐2012 Average 4.4 77.8 6.15

Total Basin‐ Net Withdrawals 2010‐2012 Average 73.7 166.1 1.71

Yadkin River Water Supply Study 

Net Withdrawal Projection and Comparison with Historical and Forecasted Populations

(Alternative 2B)

Flow

Water User Category Base Year AGR
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Population Projections Years Start Year End Year AGR

United States 2010‐2030 308,745,538 369,662,000 0.90

2030‐2050 369,662,000 420,268,000 0.64

2040‐2050 389,934,000 420,268,000 0.75

2010‐2050 308,745,538 420,268,000 0.77

South Carolina1, 3 2010‐2035 4,625,364 5,722,720 0.86

    Yadkin River Basin 2010‐2035 75,667 74,220 ‐0.08

Chesterfield 2010‐2035 46,734 49,140 0.20

Marlboro 2010‐2035 28,933 25,080 ‐0.57

Virginia4 2010‐2040 8,001,024 10,530,228 0.69

    Yadkin River Basin 2010‐2040 64,065 64,609 0.02

Carroll 2010‐2040 30,042 31,187 0.09

Grayson 2010‐2040 15,533 14,520 ‐0.17

Patrick 2010‐2040 18,490 18,902 0.06

North Carolina2, 3 2010‐2030 9,535,483 11,576,088 0.97

    Yadkin River Basin 2010‐2030 3,418,431 4,219,846 1.06

Alexander 2010‐2030 37,198 37,276 0.01

Alleghany 2010‐2030 11,155 11,137 ‐0.01

Anson 2010‐2030 26,948 26,425 ‐0.10

Ashe 2010‐2030 27,281 27,649 0.07

Cabarrus 2010‐2030 178,011 237,929 1.46

Caldwell 2010‐2030 83,029 81,667 ‐0.08

Davidson 2010‐2031 162,878 169,749 0.21

Davie 2010‐2030 41,240 43,626 0.28

Forsyth 2010‐2030 350,670 393,805 0.58

Guilford 2010‐2030 488,406 601,279 1.04

Iredell 2010‐2030 159,437 199,982 1.14

Mecklenburg 2010‐2030 919,628 1,360,364 1.98

Montgomery 2010‐2030 27,798 27,489 ‐0.06

Randolph 2010‐2030 141,752 143,669 0.07

Richmond 2010‐2030 46,639 45,593 ‐0.11

Rowan 2010‐2030 138,428 146,442 0.28

Scotland 2010‐2030 36,157 33,904 ‐0.32

Stanly 2010‐2030 60,585 64,565 0.32

Stokes 2010‐2030 47,401 43,614 ‐0.42

Surry 2010‐2030 73,673 73,367 ‐0.02

Union 2010‐2030 201,292 285,500 1.76

Watauga 2010‐2030 51,079 57,214 0.57

Wilkes 2010‐2030 69,340 70,511 0.08

Yadkin 2010‐2030 38,406 37,090 ‐0.17
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Historical Data Years Start Year End Year AGR

US Population History3 1970‐2010 203,302,031 308,745,538 1.05

South Carolina Historical Population3 1970‐2010 2,590,516 4,625,364 1.46

    Yadkin River Basin 1970‐2010 60,818 75,667 0.55

Chesterfield 1970‐2010 33,667 46,734 0.82

Marlboro 1970‐2010 27,151 28,933 0.16

Virginia Historical Population4 1970‐2010 4,648,494 8,001,024 1.37

    Yadkin River Basin 1970‐2010 53,813 64,065 0.44

Carroll 1970‐2010 23,092 30,042 0.66

Grayson 1970‐2010 15,439 15,533 0.02

Patrick 1970‐2010 15,282 18,490 0.48

North Carolina Historical Population3 1970‐2010 5,082,059 9,535,483 1.59

    Yadkin River Basin 1970‐2010 1,768,998 3,418,431 1.66

Alexander 1970‐2010 19,466 37,198 1.63

Alleghany 1970‐2010 8,134 11,155 0.79

Anson 1970‐2010 23,488 26,948 0.34

Ashe 1970‐2010 19,571 27,281 0.83

Cabarrus 1970‐2010 74,629 178,011 2.20

Caldwell 1970‐2010 56,699 83,029 0.96

Davidson 1970‐2010 95,627 162,878 1.34

Davie 1970‐2010 18,855 41,240 1.98

Forsyth 1970‐2010 214,348 350,670 1.24

Guilford 1970‐2010 288,590 488,406 1.32

Iredell 1970‐2010 72,197 159,437 2.00

Mecklenburg 1970‐2010 354,656 919,628 2.41

Montgomery 1970‐2010 19,267 27,798 0.92

Randolph 1970‐2010 76,358 141,752 1.56

Richmond 1970‐2010 39,889 46,639 0.39

Rowan 1970‐2010 90,035 138,428 1.08

Scotland 1970‐2011 26,929 36,157 0.74

Stanly 1970‐2012 42,822 60,585 0.87

Stokes 1970‐2013 23,782 47,401 1.74

Surry 1970‐2014 51,415 73,673 0.90

Union 1970‐2015 54,714 201,292 3.31

Watauga 1970‐2016 23,404 51,079 1.97

Wilkes 1970‐2017 49,524 69,340 0.84

Yadkin 1970‐2010 24,599 38,406 1.12

Sources

4.  Virginia data retrieved online on June 26, 2014 (http://usatoday30.usatoday.com/news/nation/census/profile/VA)
3.  U.S. Census Bereau
2. North Carolina State Office of Budget and Management
1. South Carolina Office of Research and Statistics Health & Demographics webpage
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Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 2B)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR

Withdrawals
WWAI‐1 Agriculture/Irrigation‐‐‐‐W. Kerr Scott Reservoir A/I (CGL) n/a 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
NWW‐08a Blue Ridge Tissue Corp‐‐‐‐Patterson Mill IND In‐take Pump ND ND ND 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NWW‐00 New Future Industry‐‐‐‐W. Kerr Scott Reservoir IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NWH‐89 Wilkes County‐‐‐‐Wilkes County WTP (Future) PW/WU n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.8 7.0 7.2 7.4 7.5

Withdrawal Subtotal 2.5 2.5 2.5 2.6 2.6 2.7 2.7 2.7 2.7 2.7 9.5 9.7 9.9 10.1 10.3

Returns
NRW‐08b Blue Ridge Tissue Corp‐‐‐‐Patterson Mill (return) IND Subbasin 03‐07‐01 0.1 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Return Subtotal 0.1 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

W. KERR SCOTT RESERVOIR TOTAL NET WITHDRAWALS 2.4 2.3 2.3 2.5 2.5 2.5 2.5 2.5 2.5 2.5 9.3 9.5 9.7 9.9 10.0



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 2B)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

HIGH ROCK LAKE

Withdrawals
HWAI‐2 Agriculture/Irrigation‐‐‐‐High Rock Lake A/I (CGL) n/a 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6
NWH‐40a Louisiana Pacific Corporation‐‐‐‐Lousiana Pacific Corporation IND Yadkin River ND ND 1.4 1.5 1.2 2.1 2.4 2.1 2.2 2.2 2.2 2.2 2.2 2.2 2.2
NWH‐46b Performance Fibers, Inc‐‐‐‐Salisbury Facility IND Second Creek ND ND ND 0.7 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NWH‐74a True Textiles, Inc‐‐‐‐True Elkin, Inc. IND Big Elkin Creek ND ND 1.0 0.8 0.4 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NWH‐00 New Future Industry‐‐‐‐High Rock Lake IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0
NWH‐18a City of King‐‐‐‐City of King WTP PW/WU Yadkin River 1.6 1.7 2.3 1.9 1.7 1.7 1.6 1.7 1.7 1.7 1.7 1.7 1.8 1.8 1.9

NWH‐19c City of Lexington‐‐‐‐Lexington WTP (Lake Thom‐A‐Lex Intake) PW/WU
Abbotts Creek (Reservoir: Lake 
Thom‐A‐Lex)

3.9 3.3 3.2 2.9 2.7 2.7 2.8 2.6 2.7 2.8 3.0 3.1 3.2 3.4 3.5

NWH‐21a City of Mount Airy‐‐‐‐F. G. Doggett WTP PW/WU Stewarts Creek 3.9 2.6 2.2 1.6 1.6 1.7 1.8 2.6 2.0 2.0 2.0 2.1 2.2 2.2 2.3
NWH‐21c City of Mount Airy‐‐‐‐S. L. Spencer WTP PW/WU Lovills Creek 1.1 0.8 0.6 0.5 0.5 0.5 0.5 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.7
NWH‐22a City of Salisbury‐‐‐‐Salisbury WTP PW/WU Yadkin/South Yadkin 8.0 6.2 7.7 7.4 7.8 8.2 8.4 8.7 8.5 8.7 9.0 9.7 10.4 11.2 12.1
NWH‐23a City of Statesville‐‐‐‐City of Statesville WTP (S. Yadkin River intake) PW/WU South Yadkin River 5.2 3.9 4.1 3.4 3.1 3.3 3.2 3.1 3.2 3.9 5.0 5.4 5.8 6.3 6.8

NWH‐24a City of Thomasville‐‐‐‐City of Thomasville WTP PW/WU
Abbots Creek (Reservoir: Lake 
Thom‐A‐Lex)

3.2 2.6 3.0 ND 2.5 2.7 2.4 2.5 2.5 2.6 2.6 2.7 2.9 2.9 3.0

NWH‐25e City of Winston‐Salem‐‐‐‐P. W. Swann WTP PW/WU
Yadkin River @ Swann RWPS 
(Reservoir: W. Kerr Scott)

13.1 13.6 12.1 11.4 11.0 11.2 11.3 11.1 11.2 11.9 13.0 14.6 15.3 16.1 17.2

NWH‐25f City of Winston‐Salem‐‐‐‐R. W. Neilson WTP / R. A. Thomas WTP PW/WU
Yadkin River @ Idols RWPS 
(Reservoir: W. Kerr‐Scott)

31.5 32.7 29.0 27.4 26.4 26.8 27.1 26.7 26.9 28.5 31.3 35.1 36.6 38.7 41.3

NWH‐27a Davidson Water Inc‐‐‐‐C. O. Pickle WP PW/WU Yadkin River 9.2 10.1 11.8 11.3 10.8 11.3 10.2 9.9 10.5 10.6 10.7 11.0 11.2 11.5 11.8
NWH‐28a Davie County‐‐‐‐Cooleemee WTP PW/WU S. Yadkin 0.9 1.1 1.2 1.0 1.2 1.1 1.1 1.2 1.1 1.1 1.1 1.2 1.2 1.3 1.3
NWH‐28b Davie County‐‐‐‐Sparks Road WTP PW/WU Yadkin 1.2 1.6 1.7 1.4 1.6 1.5 1.6 1.6 1.6 1.6 1.6 1.7 1.7 1.8 1.8
NWH‐63 Town of Elkin‐‐‐‐Elkin Municipal WTP PW/WU Elkin Creek (Reservoir: Elkin) 1.4 1.1 0.9 0.9 0.8 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.8 0.8 0.8
NWH‐64 Town of Jonesville‐‐‐‐Jonesville WP PW/WU Yadkin River 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NWH‐65a Town of Mocksville‐‐‐‐Hugh A. Lagle WTP PW/WU Hunting Creek 0.8 0.8 0.9 ND ND 0.9 0.8 ND 0.9 0.9 0.9 0.9 0.9 1.0 1.0
NWH‐68a Town of North Wilkesboro‐‐‐‐North Wilkesboro WP PW/WU Reddies River 2.9 2.7 3.0 2.6 2.4 2.5 2.6 2.7 2.6 2.6 0.0 0.0 0.0 0.0 0.0
NWH‐70a Town of Pilot Mountain‐‐‐‐Pilot Mountain WTP PW/WU Toms Creek 0.9 0.4 0.3 0.2 0.2 0.2 0.3 0.3 0.2 0.3 0.3 0.3 0.3 0.3 0.3
NWH‐72b Town of Wilkesboro‐‐‐‐Wilkesboro WFP PW/WU Yadkin River 3.8 4.6 4.5 4.4 4.3 4.2 4.0 4.1 4.1 4.1 0.0 0.0 0.0 0.0 0.0

NWH‐73a Town of Yadkinville‐‐‐‐Yadkinville WTP PW/WU
South Deep Creek (Reservoir: 
Town of  Yadkinville)

1.0 0.9 0.9 0.9 0.7 0.9 0.9 0.8 0.8 0.8 0.9 0.9 0.9 0.9 0.9

NWH‐87 Energy United Water‐‐‐‐Energy United Water WTP PW/WU South Yadkin River 0.8 1.5 1.4 1.8 1.6 1.6 1.7 1.7 1.7 1.7 1.7 1.7 1.8 1.8 1.9
NNH‐30a Duke Energy Carolinas, LLC‐‐‐‐Buck Steam Station TEP Yadkin River/High Rock Lake 1.8 1.8 2.0 1.5 0.5 1.2 0.7 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NNH‐30b Duke Energy Carolinas, LLC‐‐‐‐Buck Combined Cycle Station TEP Yadkin River/High Rock Lake 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ND 0.3 2.5 2.5 2.5 2.5 2.5 2.5

NNH‐30d Duke Energy Carolinas, LLC‐‐‐‐Additional Combined Cycle Station #1 TEP
Yadkin River/High Rock Lake 
(upstream tributary)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 2.5 2.5 2.5 2.5

NNH‐30e Duke Energy Carolinas, LLC‐‐‐‐Additional Combined Cycle Station #2 TEP Yadkin River/High Rock Lake 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 2.5

Withdrawal Subtotal 120.1 118.1 119.3 109.5 107.4 111.8 110.5 109.4 110.4 116.2 118.7 126.0 130.3 137.8 143.8

Returns
NRH‐01 Allegheny Technologies, Inc‐‐‐‐ATI Allvac Monroe Plant IND Subbasin 03‐07‐14 0.2 0.1 0.1 0.2 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐40b Louisiana Pacific Corporation‐‐‐‐LP Roaring River WWTP IND Subbasin 03‐07‐01 0.9 0.9 1.2 1.4 1.3 1.4 1.2 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3

NRH‐45
P P G Industries Fiber Glass Products, Inc‐‐‐‐PPG Industries Fiber Glass 
Products

IND Subbasin 03‐07‐04 0.4 0.3 0.4 0.4 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

NRH‐46a Performance Fibers, Inc‐‐‐‐Salisbury Facility IND Subbasin 03‐07‐06 1.6 1.0 0.4 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NRH‐74b True Textiles, Inc‐‐‐‐304 East Main Street Plant IND Subbasin 03‐07‐02 1.6 0.7 0.9 0.5 0.3 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐75 Tyson Foods, Inc‐‐‐‐Harmony Plant IND Subbasin 03‐07‐06 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.3
NRH‐78 Wayne Farms LLC Bruckie Ashburn‐‐‐‐Dobson Plant IND Subbasin 03‐07‐02 0.5 0.6 0.4 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NRH‐85 Norfolk Southern Railway Company‐‐‐‐Linwood Yard IND Subbasin 03‐07‐04 0.1 0.1 0.2 0.2 0.2 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRH‐16 City of High Point‐‐‐‐Westside WWTP PW/WU Subbasin 03‐07‐07 3.4 4.0 3.7 3.6 3.6 3.5 4.1 2.8 3.5 3.6 3.7 4.1 4.5 4.9 5.3
NRH‐18b City of King‐‐‐‐City of King WTP PW/WU Subbasin 03‐07‐02 ND ND ND ND ND 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐19a City of Lexington‐‐‐‐Lexington Regional WWTP PW/WU Subbasin 03‐07‐07 3.5 3.1 2.5 2.3 3.0 3.2 2.9 2.6 2.9 3.0 3.2 3.3 3.4 3.6 3.7
NRH‐19b City of Lexington‐‐‐‐Lexington WTP #1 & 2 PW/WU Subbasin 03‐07‐07 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.5 0.5 0.5 0.5 0.6 0.6 0.6
NRH‐21b City of Mount Airy‐‐‐‐Mount Airy WWTP PW/WU Subbasin 03‐07‐03 5.0 3.2 2.0 1.5 1.6 2.1 2.1 1.7 2.0 2.0 2.0 2.1 2.1 2.2 2.2
NRH‐22b City of Salisbury‐‐‐‐Salisbury‐Rowan WWTP PW/WU Subbasin 03‐07‐04 4.5 6.8 7.3 7.2 7.8 7.7 7.1 6.3 7.0 7.2 7.5 8.0 8.7 9.3 10.1
NRH‐23b City of Statesville‐‐‐‐Fourth Creek WWTP PW/WU Subbasin 03‐07‐06 3.0 2.6 3.0 3.0 3.2 3.2 2.5 2.1 2.6 3.1 4.0 4.4 4.7 5.1 5.6
NRH‐23c City of Statesville‐‐‐‐Third Creek WWTP PW/WU Subbasin 03‐07‐06 2.0 1.3 1.4 1.2 1.3 1.5 0.9 0.8 1.1 1.4 1.7 1.9 2.0 2.2 2.4
NRH‐24b City of Thomasville‐‐‐‐Hamby Creek WWTP PW/WU Subbasin 03‐07‐07 3.0 2.7 2.7 2.5 2.4 2.5 2.2 2.1 2.3 2.3 2.3 2.4 2.6 2.6 2.7
NRH‐25a City of Winston‐Salem‐‐‐‐Archie Elledge WWTP PW/WU Subbasin 03‐07‐04 21.1 18.4 18.0 17.0 17.6 17.6 15.7 14.8 16.0 17.4 19.0 21.4 22.3 23.6 25.1
NRH‐25b City of Winston‐Salem‐‐‐‐Muddy Creek WWTP PW/WU Subbasin 03‐07‐04 13.1 14.6 15.5 14.4 14.9 15.9 15.1 15.3 15.5 15.5 17.0 19.0 19.9 21.0 22.4
NRH‐25c City of Winston‐Salem‐‐‐‐P. W. Swann WTP PW/WU Subbasin 03‐07‐02 ND ND 0.4 0.4 0.4 0.5 0.4 0.4 0.4 0.5 0.5 0.6 0.6 0.6 0.7
NRH‐25d City of Winston‐Salem‐‐‐‐R. A. Thomas WTP PW/WU Subbasin 03‐07‐04 0.8 0.8 0.7 0.6 ND ND 1.5 0.3 0.9 0.9 1.0 1.2 1.2 1.3 1.4
NRH‐27b Davidson Water Inc‐‐‐‐Davidson Water WTP PW/WU Subbasin 03‐07‐04 0.2 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NRH‐28c Davie County‐‐‐‐Sparks Road WTP PW/WU Subbasin 03‐07‐02 ND ND 0.1 0.1 0.2 0.2 1.1 1.5 0.9 0.9 0.9 1.0 1.0 1.0 1.0
NRH‐28d Davie County‐‐‐‐Cooleemee WWTP PW/WU Subbasin 03‐07‐06 0.9 0.6 0.4 0.5 0.5 0.6 0.5 0.5 0.6 0.6 0.6 0.6 0.6 0.6 0.7
NRH‐58 Town of Bermuda Run‐‐‐‐Bermuda Run WWTP PW/WU Subbasin 03‐07‐02 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐60 Town of Boonville‐‐‐‐Boonville WWTP PW/WU Subbasin 03‐07‐02 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐62 Town of Dobson‐‐‐‐Dobson WWTP PW/WU Subbasin 03‐07‐02 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRH‐65b Town of Mocksville‐‐‐‐Bear Creek WWTP PW/WU Subbasin 03‐07‐06 0.2 0.2 0.2 0.2 ND ND ND ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NRH‐65c Town of Mocksville‐‐‐‐Dutchman Creek WWTP PW/WU Subbasin 03‐07‐05 0.4 0.5 0.5 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.5 0.5
NRH‐68b Town of North Wilkesboro‐‐‐‐Thurman Street WWTP PW/WU Subbasin 03‐07‐01 0.9 0.8 0.7 0.6 0.8 0.7 0.8 0.9 0.8 0.8 0.8 0.8 0.9 0.9 0.9
NRH‐70b Town of Pilot Mountain‐‐‐‐Pilot Mountain WTP PW/WU Subbasin 03‐07‐03 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 2B)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

NRH‐70c Town of Pilot Mountain‐‐‐‐Pilot Mountain WWTP PW/WU Subbasin 03‐07‐03 0.8 0.4 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRH‐72a Town of Wilkesboro‐‐‐‐Cub Creek WWTP PW/WU Subbasin 03‐07‐01 3.2 3.4 3.1 2.7 3.1 3.5 3.6 3.7 3.6 3.6 3.7 3.7 3.8 3.9 4.0
NRH‐73b Town of Yadkinville‐‐‐‐Yadkinville WWTP PW/WU Subbasin 03‐07‐02 0.7 0.6 0.7 0.7 0.7 0.8 0.8 0.7 0.8 0.8 0.8 0.8 0.8 0.8 0.8

NRH‐81
Yadkin Valley Sewer Authority, Inc‐‐‐‐Yadkin Valley Sewer Authority 
WWTP

PW/WU Subbasin 03‐07‐02 0.9 0.7 0.5 0.6 0.6 0.5 0.7 0.7 0.6 0.6 0.6 0.6 0.6 0.7 0.7

NRH‐86 Town of Cleveland‐‐‐‐Cleveland WWTP PW/WU Subbasin 03‐07‐06 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Return Subtotal 73.8 70.1 68.8 64.7 66.9 69.1 67.1 62.4 66.7 69.5 74.9 81.4 85.4 90.1 95.6

HIGH ROCK LAKE TOTAL NET WITHDRAWALS 46.3 47.9 50.6 44.8 40.6 42.7 43.4 47.0 43.7 46.7 43.8 44.6 44.9 47.7 48.1

TUCKERTOWN RESERVOIR

Withdrawals
TWAI‐3 Agriculture/Irrigation‐‐‐‐Tuckertown Reservoir A/I (CGL) n/a 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
NWT‐00 New Future Industry‐‐‐‐Tuckertown Reservoir IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

NWT‐14b City of Albemarle‐‐‐‐Tuckertown WTP PW/WU
Yadkin River (Reservoir: 
Tuckertown)

3.0 3.3 2.4 2.6 2.2 2.4 ND 2.4 2.4 3.9 4.2 4.4 5.8 5.9 6.0

NWT‐61a Town of Denton‐‐‐‐Denton WP PW/WU
Yadkin River (Reservoir: 
Tuckertown Reservoir)

0.9 1.4 1.4 ND 1.3 1.3 1.2 1.2 1.2 1.2 1.3 1.3 1.3 1.3 1.4

Withdrawal Subtotal 4.4 5.2 4.3 3.1 4.0 4.2 1.7 4.1 4.1 5.6 6.5 6.7 8.1 8.3 8.4

Returns
NRT‐14c City of Albemarle‐‐‐‐Tuckertown WTP PW/WU Subbasin 03‐07‐08 0.0 0.0 0.0 0.0 0.0 0.2 0.1 0.1 0.2 0.3 0.3 0.3 0.4 0.4 0.4
NRT‐61b Town of Denton‐‐‐‐Denton WWTP PW/WU Subbasin 03‐07‐08 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.5

Return Subtotal 0.4 0.4 0.4 0.4 0.5 0.6 0.5 0.5 0.6 0.7 0.7 0.7 0.8 0.8 0.8

TUCKERTOWN RESERVOIR TOTAL NET WITHDRAWALS 4.0 4.8 3.9 2.7 3.5 3.6 1.2 3.6 3.6 5.0 5.8 6.0 7.3 7.4 7.6



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 2B)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

NARROWS RESERVOIR (BADIN LAKE)

Withdrawals
NWAI‐4 Agriculture/Irrigation‐‐‐‐Narrows Reservoir (Badin Lake) A/I (CGL) n/a 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NWN‐00 New Future Industry‐‐‐‐Narrows Reservoir (Badin Lake) IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

NWN‐14d City of Albemarle‐‐‐‐US 52 HWY WTP PW/WU
Yadkin River at Narrows 
(Reservoir: Narrows (Badin Lake))

3.8 4.2 3.1 3.3 2.8 3.1 ND 3.0 3.0 5.4 6.7 7.3 10.0 10.8 11.4

Withdrawal Subtotal 4.0 4.5 3.3 3.5 3.0 3.3 0.2 3.2 3.3 5.7 7.5 8.1 10.7 11.5 12.1

Returns
NRN‐02 Aluminum Company Of America‐‐‐‐Badin Works IND Subbasin 03‐07‐08 0.6 0.3 0.1 0.3 0.3 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Return Subtotal 0.6 0.3 0.1 0.3 0.3 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

NARROWS RESERVOIR (BADIN LAKE) TOTAL NET WITHDRAWALS 3.5 4.2 3.2 3.3 2.7 3.1 0.1 3.1 3.1 5.5 7.3 7.9 10.6 11.4 12.0

FALLS RESERVOIR

Withdrawals
FWAI‐5 Agriculture/Irrigation‐‐‐‐Falls Reservoir A/I (CGL) n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NWF‐00 New Future Industry‐‐‐‐Falls Reservoir IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

Withdrawal Subtotal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

Returns

None None None ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

None None None ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

None None None ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

Return Subtotal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

FALLS RESERVOIR TOTAL NET WITHDRAWALS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 2B)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

LAKE TILLERY

Withdrawals
LWAI‐6 Agriculture/Irrigation‐‐‐‐Lake Tillery A/I (CGL) n/a 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8
NWL‐00 New Future Industry‐‐‐‐Lake Tillery IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0

NWB‐76e
Union County Public Works‐‐‐‐Planned Yadkin River Water Intake 
(Future)

PW/WU n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.1 11.8 16.5 18.8

NWL‐05b Asheboro‐‐‐‐W. L. Brown Jr WTP (Lake Lucas intake) PW/WU Back Creek (Reservoir: Lake Lucas) 1.7 1.8 1.9 1.8 1.5 1.6 1.6 1.6 1.6 2.1 2.9 3.3 3.6 4.1 4.5

NWL‐05c Asheboro‐‐‐‐W. L. Brown Jr WTP (Lake Reese intake) PW/WU Uwharrie (Reservoir: Lake Reese) 3.1 3.3 3.3 3.1 2.7 2.8 2.8 2.8 2.8 3.7 5.1 5.8 6.3 7.2 7.9

NWL‐42 Montgomery County‐‐‐‐Montgomery County WTP PW/WU
LAKE TILLERY (Reservoir: Lake 
Tillery)

2.5 3.1 3.5 3.9 3.0 2.4 2.1 2.2 2.2 2.3 2.3 2.3 2.4 2.5 2.5

NWL‐69a Town of Norwood‐‐‐‐Norwood WTP PW/WU
Yadkin River (Reservoir: Lake 
Tillery)

0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.4 0.4 0.5 0.5 0.5 0.5 0.5 0.5

NNH‐30g Duke Energy Carolinas, LLC‐‐‐‐Additional Nuclear Plant #2 TEP
Yadkin River (Reservoir: Lake 
Tillery)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 32.2 32.2

Withdrawal Subtotal 10.6 11.4 11.9 12.0 10.5 10.0 9.7 9.8 9.9 11.3 14.6 22.8 28.4 66.7 70.2

Returns
NRL‐34 Greater Badin Water & Sewer District‐‐‐‐Badin WWTP PW/WU Subbasin 03‐07‐08 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Return Subtotal 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

LAKE TILLERY TOTAL NET WITHDRAWALS 10.1 10.9 11.7 11.7 10.2 9.7 9.4 9.5 9.6 11.0 14.3 22.5 28.0 66.4 69.9

BLEWETT FALLS LAKE

Withdrawals
BWAI‐7 Agriculture/Irrigation‐‐‐‐Blewett Falls Lake A/I (CGL) n/a 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5

NWB‐35b Hedrick Industries‐‐‐‐Aquadale Quarry (Pump 1 ‐ Fresh Water Pond) IND Pump 1 ‐ Fresh Water Pond ND ND ND 0.4 0.2 0.3 0.4 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4

NWB‐35c Hedrick Industries‐‐‐‐Aquadale Quarry (Pump 2 ‐ Cement Pond) IND Pump 2 ‐ Cement Pond ND ND ND 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NWB‐55 Teledyne Allvac‐‐‐‐Monroe Plant IND Lower Pond ND ND ND ND 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
NWB‐56 The Fork, LLC‐‐‐‐The Fork, LLC IND Rocky River ND ND 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
NWB‐00 New Future Industry‐‐‐‐Blewett Falls Lake IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0

NWB‐03a Anson County‐‐‐‐Anson County Filtration Plant PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

5.5 6.0 6.0 5.4 5.7 6.6 6.8 5.7 4.6 4.6 4.7 4.8 4.9 5.0 5.2

NWB‐03b
Anson County‐‐‐‐Anson County Filtration Plant (treated wholesale to 
UCPW)

PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.8 2.4 2.4 0.0 0.0 0.0 0.0

NWB‐03c Anson County‐‐‐‐Anson County Filtration Plant (raw wholesale to UCPW) PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

NWB‐15a City of Concord‐‐‐‐Coddle Creek WTP PW/WU
Coddle Creek (Reservoir: Lake Don 
T. Howell)

6.8 7.8 9.6 ND 8.0 8.0 8.0 8.0 8.0 7.3 8.3 8.5 9.1 12.2 14.1

NWB‐15d City of Concord‐‐‐‐Hillgrove WTP (Lake Fisher intake) PW/WU
Cold Water Creek (Reservoir: Lake 
Fisher)

2.1 2.4 2.9 ND 2.5 2.5 2.5 2.5 2.5 2.3 2.5 2.6 2.8 3.8 4.3

NWB‐17a City of Kannapolis‐‐‐‐City of Kannapolis WTP PW/WU
Irish Buffalo Creek (Reservoir: 
Kannapolis Lake)

6.5 5.4 7.8 5.4 7.6 3.8 4.9 3.4 4.1 3.2 3.7 3.7 4.0 5.4 6.2

NWB‐17c
City of Kannapolis‐‐‐‐City of Kannapolis WTP (supplemental intake ‐ Lake 
Howell)

PW/WU
Coddle Creek (Reservoir: Lake 
Howell)

0.7 0.6 0.9 0.6 0.9 0.4 0.6 0.4 0.5 0.4 0.4 0.4 0.5 0.6 0.7

NWB‐20a City of Monroe‐‐‐‐John Glenn WTP PW/WU
Stewarts Creek (Reservoir: Lake 
Twitty)

7.0 6.9 6.2 ND 5.7 6.0 6.2 5.9 6.0 6.4 7.0 8.3 9.9 11.7 13.9

NWB‐77a Water and Sewer Authority of Cabarrus County‐‐‐‐Mt. Pleasant WTF PW/WU Dutch Buffalo Creek 0.3 0.3 0.3 0.2 0.2 0.3 0.3 0.2 0.3 0.3 0.3 0.4 0.4 0.5 0.5

NWB‐88 Richmond County‐‐‐‐Richmond County WTP PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

3.7 3.2 3.9 3.3 2.7 3.0 3.7 ND 3.4 3.4 3.4 3.5 3.6 3.7 3.8

NNB‐30c Duke Energy Carolinas, LLC‐‐‐‐Smith Energy Complex TEP n/a 0.0 ND 0.8 0.9 1.2 1.7 3.3 4.2 4.2 6.0 6.0 6.0 6.0 6.0 6.0

NNH‐30f Duke Energy Carolinas, LLC‐‐‐‐Additional Nuclear Plant #1 TEP
Pee Dee River (Reservoir: Blewett 
Falls Lake)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 32.2 32.2

Withdrawal Subtotal 44.0 44.1 50.2 28.1 48.7 46.5 50.5 44.7 49.5 50.5 53.9 53.5 56.5 96.4 102.2



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 2B)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

Returns
NRB‐35a Hedrick Industries‐‐‐‐Aquadale Quarry IND Subbasin 03‐07‐13 1.2 ND 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
NRB‐83 Carolina Stalite Company‐‐‐‐Carolina Stalite Company IND Subbasin 03‐07‐13 0.8 0.5 0.5 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRB‐13 Charlotte Mecklenburg Utility Department‐‐‐‐Mallard Creek WWTP PW/WU Subbasin 03‐07‐11 5.1 5.5 7.8 7.5 8.2 7.9 8.4 7.9 8.1 8.6 9.6 11.4 13.6 16.3 19.4
NRB‐14a City of Albemarle‐‐‐‐Long Creek WWTP PW/WU Subbasin 03‐07‐13 8.1 9.1 7.4 5.5 6.1 5.7 5.3 5.0 5.3 5.7 6.4 6.8 6.9 7.2 7.4
NRB‐15b City of Concord‐‐‐‐Coddle Creek WTP PW/WU Subbasin 03‐07‐11 0.4 1.0 0.2 0.1 0.3 0.4 0.4 0.3 0.4 0.3 0.4 0.4 0.4 0.5 0.6
NRB‐17b City of Kannapolis‐‐‐‐City of Kannapolis WTP PW/WU Subbasin 03‐07‐12 0.6 0.2 0.4 0.3 0.3 0.3 0.3 0.2 0.3 0.2 0.3 0.3 0.3 0.4 0.4
NRB‐20b City of Monroe‐‐‐‐John Glenn WTP PW/WU Subbasin 03‐07‐14 0.4 0.3 0.8 0.8 0.8 0.7 0.7 0.8 0.7 0.8 0.9 1.0 1.2 1.4 1.7
NRB‐20c City of Monroe‐‐‐‐Monroe WWTP PW/WU Subbasin 03‐07‐14 7.1 6.6 6.5 6.4 6.4 6.4 5.8 6.0 6.1 6.4 7.0 8.3 9.9 11.8 14.0
NRB‐20d City of Monroe‐‐‐‐Monroe WWTP (allotment to Union County) PW/WU Subbasin 03‐07‐14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2 1.5 2.1 3.4 4.7 6.6 7.6
NRB‐52 Stanly County‐‐‐‐West Stanly WWTP PW/WU Subbasin 03‐07‐14 0.4 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.5
NRB‐59 Town of Biscoe‐‐‐‐Biscoe WWTP PW/WU Subbasin 03‐07‐15 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRB‐66 Town of Mooresville‐‐‐‐Rocky River WWTP (Town of Mooresville) PW/WU Subbasin 03‐07‐11 3.0 2.5 2.9 3.0 3.2 3.4 3.3 3.4 3.4 3.5 3.7 4.2 4.6 5.2 5.8
NRB‐67 Town of Mount Gilead‐‐‐‐Mount Gilead WWTP PW/WU Subbasin 03‐07‐10 0.4 0.4 0.4 0.3 0.1 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRB‐69b Town of Norwood‐‐‐‐Norwood WWTP PW/WU Subbasin 03‐07‐14 0.5 0.4 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRB‐71 Town of Troy‐‐‐‐Troy WWTP PW/WU Subbasin 03‐07‐15 0.6 0.6 0.5 0.4 0.4 0.4 0.4 0.5 0.4 0.4 0.5 0.5 0.5 0.5 0.5
NRB‐76a Union County Public Works‐‐‐‐Crooked Creek WWTP #2 PW/WU Subbasin 03‐07‐12 1.1 1.2 1.3 1.1 1.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

NRB‐76a(F) Union County Public Works‐‐‐‐Crooked Creek WWTP #2 (Future) PW/WU Subbasin 03‐07‐12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.1 1.5 1.5 1.5 1.5 1.5
NRB‐76b Union County Public Works‐‐‐‐Hunley Creek WWTP PW/WU Subbasin 03‐07‐12 0.1 0.2 ND ND ND ND ND ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NRB‐76c Union County Public Works‐‐‐‐Grassy Branch WWTP PW/WU Subbasin 03‐07‐12 ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1
NRB‐76d Union County Public Works‐‐‐‐Tallwood Estates WWTP PW/WU Subbasin 03‐07‐12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1

NRB‐77c
Water and Sewer Authority of Cabarrus County‐‐‐‐Rocky River WWTP 
(WSACC)

PW/WU Subbasin 03‐07‐12 17.1 14.6 14.7 14.3 14.7 14.4 14.2 13.9 14.2 14.9 16.1 18.4 21.1 24.1 27.7

NRB‐84 City of Charlotte‐‐‐‐Cabarrus Woods WWTP PW/WU Subbasin 03‐07‐11 0.3 0.4 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.5 0.5 0.6 0.6 0.7 0.8
NRB‐04 Aqua North Carolina, Inc‐‐‐‐Country Wood WWTP PW/WU (D) Subbasin 03‐07‐12 0.0 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.4 0.4 0.5
NRB‐09 Bradfield Farms Water Company‐‐‐‐Bradfield Farms WWTP PW/WU (D) Subbasin 03‐07‐11 0.1 0.1 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.5 0.5 0.7

NRB‐11 Carolina Water Service Inc of North Carolina‐‐‐‐Hemby Acres WWTP PW/WU (D) Subbasin 03‐07‐12 0.1 0.1 0.1 0.5 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2

Return Subtotal 47.9 44.5 45.3 42.4 44.0 43.2 42.4 41.6 43.6 46.1 51.0 59.1 68.0 79.0 90.5

BLEWETT FALLS LAKE TOTAL NET WITHDRAWALS ‐3.9 ‐0.4 4.9 ‐14.3 4.7 3.3 8.1 3.1 5.9 4.4 2.8 ‐5.6 ‐11.6 17.4 11.7

DOWNSTREAM OF BLEWETT FALLS LAKE (NC)

Withdrawals
DWAI‐8 Agriculture/Irrigation‐‐‐‐Downstream of Blewett Falls Lake (NC) A/I (CGL) n/a 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
NWD‐00 New Future Industry‐‐‐‐Downstream of Blewett Falls Lake (NC) IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0
NWD‐94a B.V. Hedrick Gravel And Sand Co.‐‐‐‐Hedrick Mine (Pump House ‐ 1) IND Pump House ‐ 1 ND ND ND 1.7 2.1 2.1 1.8 0.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
NWD‐94b B.V. Hedrick Gravel And Sand Co.‐‐‐‐Hedrick Mine (Pump House ‐ 3) IND Pump House ‐ 3 ND ND ND 1.7 2.1 2.0 1.8 0.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
NWD‐94c B.V. Hedrick Gravel And Sand Co.‐‐‐‐Hedrick Mine (Pump House ‐ 4) IND Pump House ‐ 4 ND ND ND 1.7 2.1 2.1 1.8 0.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4

NWD‐91a City of Hamlet‐‐‐‐Hamlet WTP PW/WU
Hamlet Water System (Reservoir: 
Hamlet Water Lake)

1.4 1.5 1.2 1.1 1.1 1.2 1.1 1.2 1.2 1.2 1.2 1.2 1.3 1.3 1.3

NWD‐90b City of Rockingham‐‐‐‐Rockingham WTP (City Pond intake) PW/WU City Pond (Reservoir: City Pond) 1.1 0.8 1.1 0.9 0.9 0.8 1.0 1.1 1.0 1.0 1.0 1.0 1.0 1.1 1.1

NWD‐90c City of Rockingham‐‐‐‐Rockingham WTP (Roberdel Lake intake) PW/WU
Roberdel Lake (Reservoir: 
Roberdel Lake)

2.1 1.6 2.1 1.8 1.7 1.7 2.0 2.2 2.0 2.0 2.0 2.0 2.1 2.1 2.2

NWD‐93 Town of Wadesboro‐‐‐‐Town of Wadesboro WTP PW/WU Jones Creek (Reservoir: City Pond) 1.4 0.9 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.9 0.9 0.9

Withdrawal Subtotal 8.0 6.8 7.2 11.7 12.8 12.7 12.4 8.4 11.2 11.2 12.3 12.4 12.5 12.6 12.8

Returns
NRD‐03d Anson County‐‐‐‐Anson County Regional WWTP PW/WU Subbasin 03‐07‐16 2.4 1.1 1.3 1.4 1.3 1.4 1.2 1.4 1.3 1.3 1.4 1.4 1.4 1.5 1.5
NRD‐03e Anson County‐‐‐‐Anson County Filtration Plant PW/WU Subbasin 03‐07‐16 0.6 0.6 0.7 0.7 0.7 0.5 0.5 0.6 0.5 0.5 0.5 0.5 0.6 0.6 0.6
NRD‐92 Burlington Industries LLC‐‐‐‐Richmond Plant IND Subbasin 03‐07‐16 0.5 0.5 0.3 0.3 0.2 0.3 0.3 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3
NRD‐91b City of Hamlet‐‐‐‐Hamlet WWTP PW/WU Subbasin 03‐07‐16 0.7 0.8 0.7 0.8 0.7 0.8 0.7 0.6 0.7 0.7 0.7 0.7 0.7 0.8 0.8
NRD‐90a City of Rockingham‐‐‐‐Rockingham WWTP PW/WU Subbasin 03‐07‐16 4.8 4.3 3.8 4.1 3.1 2.7 2.4 3.0 2.7 2.7 2.8 2.8 2.9 3.0 3.1
NRD‐88b Richmond County‐‐‐‐Richmond County WTP PW/WU Subbasin 03‐07‐16 0.1 0.2 0.3 0.3 0.4 0.4 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Return Subtotal 9.1 7.5 7.0 7.5 6.3 6.0 5.3 6.0 5.8 5.8 5.9 6.0 6.2 6.3 6.5

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) TOTAL NET WITHDRAWALS ‐1.1 ‐0.7 0.2 4.2 6.4 6.7 7.1 2.4 5.4 5.4 6.4 6.4 6.3 6.3 6.3

GRAND TOTAL (ALL BASINS)
WITHDRAWALS 185.6 185.7 191.7 158.8 176.3 178.5 175.3 174.0 179.8 192.0 211.2 227.3 244.3 331.3 347.5

RETURNS 123.2 115.9 115.0 108.3 112.1 113.6 110.7 105.1 111.5 116.9 127.3 141.9 154.9 170.6 187.7

NET WITHDRAWALS 62.4 69.8 76.6 50.6 64.2 65.0 64.6 68.9 68.3 75.1 83.9 85.4 89.5 160.7 159.8



Projected Net Withdrawals by Month (mgd) (Alternative 2B)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Public Water/Wastewater Utilities

Base 20.23 1.50 0.93 ‐6.20 8.74 23.81 40.24 44.94 42.76 36.83 29.16 15.69 3.40

2015 22.96 3.20 2.52 ‐4.90 10.87 26.82 44.06 48.79 46.53 40.51 32.28 18.35 5.44

2020 24.82 3.30 2.58 ‐5.40 11.67 28.91 47.70 52.82 50.43 43.92 35.03 19.92 5.80

2030 26.30 1.64 0.86 ‐7.73 11.82 31.49 52.19 57.95 54.94 47.81 37.95 20.73 4.75

2040 30.35 3.01 1.93 ‐7.18 14.67 36.75 58.96 65.12 61.47 54.04 43.33 24.40 6.47

2050 34.77 4.25 2.77 ‐6.90 17.66 42.48 66.62 73.46 69.11 61.00 49.46 28.14 7.80

2060 33.86 0.51 ‐1.22 ‐11.61 15.45 42.51 68.44 75.99 70.97 62.36 50.12 26.84 4.40

Industrial

Base 5.84 5.41 5.49 5.41 5.49 5.45 5.60 5.70 5.53 5.78 7.25 7.15 5.68

2015 5.83 5.40 5.48 5.41 5.49 5.45 5.59 5.69 5.53 5.77 7.25 7.14 5.67

2020 11.32 10.89 10.97 10.90 10.98 10.94 11.09 11.18 11.02 11.26 12.74 12.63 11.16

2030 11.30 10.87 10.95 10.88 10.96 10.92 11.07 11.16 11.00 11.24 12.71 12.61 11.14

2040 11.28 10.84 10.92 10.86 10.94 10.90 11.04 11.14 10.98 11.22 12.69 12.59 11.12

2050 11.25 10.81 10.90 10.83 10.92 10.87 11.02 11.12 10.96 11.19 12.66 12.56 11.09

2060 11.23 10.78 10.86 10.80 10.89 10.84 10.99 11.09 10.93 11.17 12.63 12.53 11.06

Agriculture/Irrigation

Base 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2015 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2020 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2030 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2040 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2050 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2060 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

Power

Base 4.44 3.75 4.93 4.72 4.05 4.27 4.82 6.31 5.59 4.27 2.82 3.47 4.24

2015 8.49 8.27 8.50 8.48 8.51 8.55 8.75 8.87 8.89 8.73 8.40 8.04 7.89

2020 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2030 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2040 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2050 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

2060 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

Total

Base 73.68 12.50 14.32 14.92 46.51 88.39 150.89 181.35 156.76 106.79 62.57 32.53 15.62

2015 80.46 18.72 19.48 19.98 53.10 95.68 158.64 187.76 163.82 114.92 71.27 39.75 21.30

2020 90.30 26.58 27.53 27.44 61.90 105.81 170.52 200.15 176.10 126.55 81.91 48.85 29.05

2030 91.76 24.89 25.79 25.10 62.03 108.36 174.99 205.25 180.59 130.41 84.80 49.64 27.97

2040 95.79 26.24 26.83 25.62 64.86 113.60 181.73 212.40 187.09 136.62 90.16 53.29 29.67

2050 167.00 99.80 96.90 88.46 128.57 180.62 259.19 294.51 268.43 211.13 159.54 119.15 96.19

2060 166.06 96.02 92.88 83.73 126.34 180.62 260.99 297.01 270.27 212.46 160.16 117.82 92.76

Year

Annual 

Average

Month



Projected Withdrawals by Month (mgd) (Alternative 2B)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Public Water/Wastewater Utilities

Base 133.37 124.27 122.00 121.49 126.39 136.71 149.28 148.91 149.80 143.65 134.49 123.73 119.08

2015 141.48 131.77 129.41 128.89 134.09 145.09 158.30 157.72 158.68 152.48 142.59 131.49 126.56

2020 153.79 143.25 140.70 140.21 145.75 157.61 171.97 171.30 172.48 165.80 155.07 143.03 137.57

2030 170.03 157.62 154.82 154.49 161.19 174.83 190.63 189.99 191.05 183.65 171.72 157.94 151.63

2040 187.19 173.17 170.01 169.83 177.57 193.04 210.00 209.23 210.11 202.27 189.24 174.07 166.84

2050 207.44 191.56 187.91 187.99 196.90 214.40 232.86 232.17 232.93 224.25 210.07 192.87 184.47

2060 223.77 206.49 202.49 202.74 212.49 231.47 251.24 250.58 251.32 241.95 226.73 207.97 198.79

Industrial

Base 10.01 9.94 9.90 9.82 9.85 9.72 9.60 9.83 9.95 10.00 11.11 10.87 9.53

2015 10.01 9.94 9.90 9.82 9.85 9.72 9.60 9.83 9.95 10.00 11.11 10.87 9.53

2020 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2030 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2040 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2050 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2060 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

Agriculture/Irrigation

Base 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2015 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2020 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2030 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2040 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2050 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2060 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

Power

Base 4.44 3.75 4.93 4.72 4.05 4.27 4.82 6.31 5.59 4.27 2.82 3.47 4.24

2015 8.49 8.27 8.50 8.48 8.51 8.55 8.75 8.87 8.89 8.73 8.40 8.04 7.89

2020 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2030 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2040 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2050 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

2060 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

Total

Base 191.00 139.80 139.80 147.01 168.53 205.55 263.93 289.46 268.21 217.82 171.76 144.30 135.14

2015 203.16 151.82 150.79 158.17 180.69 218.21 276.89 300.83 280.38 231.11 185.45 156.63 146.28

2020 223.46 171.07 170.08 177.47 200.35 238.78 298.80 322.78 302.58 252.66 205.82 175.71 164.68

2030 239.70 185.45 184.19 191.75 215.79 256.00 317.47 341.47 321.15 270.50 222.47 190.62 178.74

2040 256.86 200.99 199.39 207.09 232.18 274.22 336.83 360.71 340.20 289.13 239.99 206.74 193.94

2050 343.93 291.72 286.54 287.84 312.25 356.89 429.52 457.43 436.74 378.68 324.10 287.69 276.79

2060 360.26 306.66 301.12 302.58 327.84 373.96 447.90 475.84 455.13 396.38 340.76 302.80 291.12

Year

Annual 

Average

Month



Projected Returns by Month (mgd) (Alternative 2B)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Public Water/Wastewater Utilities

Base 113.14 122.77 121.07 127.69 117.65 112.90 109.04 103.97 107.03 106.82 105.33 108.04 115.68

2015 118.52 128.57 126.90 133.78 123.22 118.27 114.24 108.93 112.15 111.97 110.31 113.14 121.12

2020 128.98 139.95 138.13 145.61 134.07 128.69 124.27 118.49 122.05 121.88 120.03 123.12 131.77

2030 143.73 155.98 153.95 162.21 149.37 143.34 138.45 132.05 136.11 135.84 133.78 137.21 146.88

2040 156.83 170.16 168.09 177.01 162.90 156.29 151.05 144.12 148.64 148.23 145.91 149.66 160.37

2050 172.67 187.30 185.14 194.89 179.24 171.93 166.24 158.70 163.82 163.24 160.61 164.73 176.67

2060 189.91 205.98 203.71 214.34 197.04 188.96 182.80 174.59 180.34 179.59 176.62 181.14 194.39

Industrial

Base 4.17 4.53 4.41 4.40 4.36 4.27 4.00 4.14 4.41 4.22 3.86 3.73 3.85

2015 4.18 4.54 4.41 4.41 4.37 4.27 4.01 4.14 4.42 4.22 3.87 3.73 3.85

2020 4.19 4.55 4.42 4.42 4.38 4.28 4.02 4.15 4.43 4.23 3.88 3.74 3.86

2030 4.21 4.57 4.45 4.44 4.40 4.30 4.04 4.17 4.45 4.25 3.90 3.76 3.88

2040 4.23 4.60 4.47 4.46 4.42 4.32 4.06 4.19 4.47 4.28 3.92 3.79 3.91

2050 4.26 4.63 4.50 4.48 4.44 4.35 4.08 4.21 4.49 4.30 3.95 3.82 3.93

2060 4.28 4.66 4.53 4.51 4.46 4.38 4.11 4.24 4.51 4.33 3.98 3.85 3.96

Agriculture/Irrigation

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Power

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total

Base 117.31 127.30 125.48 132.09 122.02 117.16 113.04 108.11 111.45 111.04 109.19 111.77 119.53

2015 122.70 133.10 131.31 138.19 127.59 122.54 118.25 113.07 116.57 116.19 114.18 116.88 124.98

2020 133.16 144.50 142.55 150.02 138.45 132.97 128.28 122.64 126.48 126.11 123.91 126.86 135.63

2030 147.94 160.55 158.40 166.65 153.76 147.64 142.48 136.21 140.56 140.09 137.68 140.98 150.77

2040 161.06 174.75 172.56 181.47 167.31 160.62 155.10 148.31 153.11 152.51 149.84 153.45 164.28

2050 176.93 191.93 189.64 199.37 183.67 176.28 170.33 162.92 168.31 167.55 164.56 168.55 180.60

2060 194.20 210.64 208.24 218.86 201.50 193.34 186.91 178.83 184.86 183.92 180.60 184.98 198.35

Year

Annual 

Average

Month



Projected Flow by Month (mgd) (Alternative 2B)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

WITHDRAWALS

Base 191.00 139.80 139.80 147.01 168.53 205.55 263.93 289.46 268.21 217.82 171.76 144.30 135.14

2015 203.16 151.82 150.79 158.17 180.69 218.21 276.89 300.83 280.38 231.11 185.45 156.63 146.28

2020 223.46 171.07 170.08 177.47 200.35 238.78 298.80 322.78 302.58 252.66 205.82 175.71 164.68

2030 239.70 185.45 184.19 191.75 215.79 256.00 317.47 341.47 321.15 270.50 222.47 190.62 178.74

2040 256.86 200.99 199.39 207.09 232.18 274.22 336.83 360.71 340.20 289.13 239.99 206.74 193.94

2050 343.93 291.72 286.54 287.84 312.25 356.89 429.52 457.43 436.74 378.68 324.10 287.69 276.79

2060 360.26 306.66 301.12 302.58 327.84 373.96 447.90 475.84 455.13 396.38 340.76 302.80 291.12

RETURNS

Base 117.31 127.30 125.48 132.09 122.02 117.16 113.04 108.11 111.45 111.04 109.19 111.77 119.53

2015 122.70 133.10 131.31 138.19 127.59 122.54 118.25 113.07 116.57 116.19 114.18 116.88 124.98

2020 133.16 144.50 142.55 150.02 138.45 132.97 128.28 122.64 126.48 126.11 123.91 126.86 135.63

2030 147.94 160.55 158.40 166.65 153.76 147.64 142.48 136.21 140.56 140.09 137.68 140.98 150.77

2040 161.06 174.75 172.56 181.47 167.31 160.62 155.10 148.31 153.11 152.51 149.84 153.45 164.28

2050 176.93 191.93 189.64 199.37 183.67 176.28 170.33 162.92 168.31 167.55 164.56 168.55 180.60

2060 194.20 210.64 208.24 218.86 201.50 193.34 186.91 178.83 184.86 183.92 180.60 184.98 198.35

NET WITHDRAWAL

Base 73.68 12.50 14.32 14.92 46.51 88.39 150.89 181.35 156.76 106.79 62.57 32.53 15.62

2015 80.46 18.72 19.48 19.98 53.10 95.68 158.64 187.76 163.82 114.92 71.27 39.75 21.30

2020 90.30 26.58 27.53 27.44 61.90 105.81 170.52 200.15 176.10 126.55 81.91 48.85 29.05

2030 91.76 24.89 25.79 25.10 62.03 108.36 174.99 205.25 180.59 130.41 84.80 49.64 27.97

2040 95.79 26.24 26.83 25.62 64.86 113.60 181.73 212.40 187.09 136.62 90.16 53.29 29.67

2050 167.00 99.80 96.90 88.46 128.57 180.62 259.19 294.51 268.43 211.13 159.54 119.15 96.19

2060 166.06 96.02 92.88 83.73 126.34 180.62 260.99 297.01 270.27 212.46 160.16 117.82 92.76

Year

Annual 

Average

Month



Projected Flow by Subbasin (mgd) (Alternative 2B)

Subbasins

Year Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM OF 

BLEWETT FALLS LAKE (NC)

WITHDRAWALS

Base 191.00 2.71 110.39 4.12 3.26 0.02 9.85 49.49 11.16

2015 203.16 2.71 116.16 5.65 5.68 0.02 11.26 50.49 11.20

2020 223.46 9.53 118.73 6.47 7.46 0.52 14.60 53.88 12.26

2030 239.70 9.71 126.05 13.73 8.08 0.52 15.77 53.47 12.39

2040 256.86 9.88 130.26 19.87 10.73 0.52 16.60 56.47 12.52

2050 343.93 10.07 137.82 24.73 11.52 0.52 50.26 96.37 12.65

2060 360.26 10.25 143.77 27.22 12.12 0.52 51.41 102.19 12.78

RETURNS

Base 117.31 0.21 66.70 0.55 0.16 0.00 0.29 43.62 5.78

2015 122.70 0.21 69.47 0.65 0.16 0.00 0.29 46.09 5.82

2020 133.16 0.21 74.88 0.68 0.16 0.00 0.30 51.04 5.89

2030 147.94 0.21 81.42 0.70 0.16 0.00 0.31 59.11 6.03

2040 161.06 0.21 85.37 0.80 0.16 0.00 0.32 68.02 6.18

2050 176.93 0.21 90.10 0.82 0.16 0.00 0.33 78.97 6.33

2060 194.20 0.21 95.63 0.84 0.16 0.00 0.35 90.53 6.48

NET WITHDRAWALS

Base 73.68 2.49 43.69 3.56 3.10 0.02 9.56 5.87 5.38

2015 80.46 2.49 46.70 4.99 5.51 0.02 10.96 4.40 5.38

2020 90.30 9.32 43.85 5.79 7.30 0.52 14.30 2.85 6.37

2030 91.76 9.49 44.63 13.03 7.91 0.52 15.46 ‐5.64 6.36

2040 95.79 9.67 44.89 19.07 10.57 0.52 16.28 ‐11.55 6.34

2050 167.00 9.85 47.73 23.91 11.36 0.52 49.92 17.40 6.32

2060 166.06 10.04 48.14 26.38 11.96 0.52 51.07 11.66 6.30
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Projected Withdrawals by Subbasin (mgd) (Alternative 2B)

Subbasin Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR 2.71 2.71 9.53 9.71 9.88 10.07 10.25

HIGH ROCK LAKE 110.39 116.16 118.73 126.05 130.26 137.82 143.77

TUCKERTOWN RESERVOIR 4.12 5.65 6.47 13.73 19.87 24.73 27.22

NARROWS RESERVOIR (BADIN LAKE) 3.26 5.68 7.46 8.08 10.73 11.52 12.12

FALLS RESERVOIR 0.02 0.02 0.52 0.52 0.52 0.52 0.52

LAKE TILLERY 9.85 11.26 14.60 15.77 16.60 50.26 51.41

BLEWETT FALLS LAKE 49.49 50.49 53.88 53.47 56.47 96.37 102.19

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) 11.16 11.20 12.26 12.39 12.52 12.65 12.78

Total 191.00 203.16 223.46 239.70 256.86 343.93 360.26

Projected Returns by Subbasin (mgd) (Alternative 2B)

Subbasin Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR 0.21 0.21 0.21 0.21 0.21 0.21 0.21

HIGH ROCK LAKE 66.70 69.47 74.88 81.42 85.37 90.10 95.63

TUCKERTOWN RESERVOIR 0.55 0.65 0.68 0.70 0.80 0.82 0.84

NARROWS RESERVOIR (BADIN LAKE) 0.16 0.16 0.16 0.16 0.16 0.16 0.16

FALLS RESERVOIR 0.00 0.00 0.00 0.00 0.00 0.00 0.00

LAKE TILLERY 0.29 0.29 0.30 0.31 0.32 0.33 0.35

BLEWETT FALLS LAKE 43.62 46.09 51.04 59.11 68.02 78.97 90.53

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) 5.78 5.82 5.89 6.03 6.18 6.33 6.48

Total 117.31 122.70 133.16 147.94 161.06 176.93 194.20

Projected Net Withdrawals by Subbasin (mgd) (Alternative 2B)

Subbasin Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR 2.49 2.49 9.32 9.49 9.67 9.85 10.04

HIGH ROCK LAKE 43.69 46.70 43.85 44.63 44.89 47.73 48.14

TUCKERTOWN RESERVOIR 3.56 4.99 5.79 13.03 19.07 23.91 26.38

NARROWS RESERVOIR (BADIN LAKE) 3.10 5.51 7.30 7.91 10.57 11.36 11.96

FALLS RESERVOIR 0.02 0.02 0.52 0.52 0.52 0.52 0.52

LAKE TILLERY 9.56 10.96 14.30 15.46 16.28 49.92 51.07

BLEWETT FALLS LAKE 5.87 4.40 2.85 ‐5.64 ‐11.55 17.40 11.66

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) 5.38 5.38 6.37 6.36 6.34 6.32 6.30

Total 73.68 80.46 90.30 91.76 95.79 167.00 166.06



Projected Net Withdrawals by Subbasin (mgd) (Alternative 2B)

Subbasin

Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM 

OF BLEWETT 

FALLS LAKE (NC)

Public Water/Wastewater Utilities

Base 20.23 0.00 20.19 3.07 3.03 0.00 6.76 ‐12.19 ‐0.63

2015 22.96 0.00 20.96 4.50 5.44 0.00 8.16 ‐15.47 ‐0.63

2020 24.82 6.83 14.63 4.80 6.73 0.00 10.50 ‐18.03 ‐0.64

2030 26.30 7.00 15.44 12.04 7.34 0.00 11.65 ‐26.51 ‐0.66

2040 30.35 7.18 15.72 18.08 10.00 0.00 12.48 ‐32.43 ‐0.68

2050 34.77 7.36 16.09 22.91 10.79 0.00 13.96 ‐35.64 ‐0.69

2060 33.86 7.55 16.53 25.39 11.38 0.00 15.10 ‐41.38 ‐0.71

Industrial

Base 5.84 ‐0.02 ‐0.36 0.00 ‐0.16 0.00 0.00 2.35 4.03

2015 5.83 ‐0.02 ‐0.36 0.00 ‐0.16 0.00 0.00 2.35 4.03

2020 11.32 ‐0.02 0.63 0.50 0.34 0.50 1.00 3.35 5.03

2030 11.30 ‐0.02 0.61 0.50 0.34 0.50 1.00 3.35 5.03

2040 11.28 ‐0.02 0.58 0.50 0.34 0.50 1.00 3.35 5.03

2050 11.25 ‐0.02 0.56 0.50 0.34 0.50 1.00 3.35 5.03

2060 11.23 ‐0.02 0.53 0.50 0.34 0.50 1.00 3.35 5.03

Agriculture/Irrigation

Base 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2015 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2020 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2030 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2040 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2050 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2060 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

Power

Base 4.44 0.00 0.25 0.00 0.00 0.00 0.00 4.18 0.00

2015 8.49 0.00 2.49 0.00 0.00 0.00 0.00 6.00 0.00

2020 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2030 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2040 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2050 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

2060 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

Total

Base 73.68 2.49 43.69 3.56 3.10 0.02 9.56 5.87 5.38

2015 80.46 2.49 46.70 4.99 5.51 0.02 10.96 4.40 5.38

2020 90.30 9.32 43.85 5.79 7.30 0.52 14.30 2.85 6.37

2030 91.76 9.49 44.63 13.03 7.91 0.52 15.46 ‐5.64 6.36

2040 95.79 9.67 44.89 19.07 10.57 0.52 16.28 ‐11.55 6.34

2050 167.00 9.85 47.73 23.91 11.36 0.52 49.92 17.40 6.32

2060 166.06 10.04 48.14 26.38 11.96 0.52 51.07 11.66 6.30

Year



Projected Withdrawals by Subbasin (mgd) (Alternative 2B)

Subbasin

Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM 

OF BLEWETT 

FALLS LAKE (NC)

Public Water/Wastewater Utilities

Base 133.37 0.00 83.77 3.62 3.03 0.00 7.05 31.01 4.89

2015 141.48 0.00 87.30 5.15 5.44 0.00 8.45 30.20 4.93

2020 153.79 6.83 86.38 5.48 6.73 0.00 10.79 32.59 4.99

2030 170.03 7.00 93.69 12.74 7.34 0.00 11.96 32.17 5.12

2040 187.19 7.18 97.91 18.88 10.00 0.00 12.80 35.17 5.25

2050 207.44 7.36 102.98 23.73 10.79 0.00 14.29 42.92 5.38

2060 223.77 7.55 108.92 26.23 11.38 0.00 15.44 48.73 5.52

Industrial

Base 10.01 0.19 2.77 0.00 0.00 0.00 0.00 2.77 4.28

2015 10.01 0.19 2.77 0.00 0.00 0.00 0.00 2.77 4.28

2020 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2030 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2040 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2050 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2060 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

Agriculture/Irrigation

Base 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2015 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2020 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2030 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2040 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2050 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2060 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

Power

Base 4.44 0.00 0.25 0.00 0.00 0.00 0.00 4.18 0.00

2015 8.49 0.00 2.49 0.00 0.00 0.00 0.00 6.00 0.00

2020 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2030 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2040 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2050 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

2060 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

Total

Base 191.00 2.71 110.39 4.12 3.26 0.02 9.85 49.49 11.16

2015 203.16 2.71 116.16 5.65 5.68 0.02 11.26 50.49 11.20

2020 223.46 9.53 118.73 6.47 7.46 0.52 14.60 53.88 12.26

2030 239.70 9.71 126.05 13.73 8.08 0.52 15.77 53.47 12.39

2040 256.86 9.88 130.26 19.87 10.73 0.52 16.60 56.47 12.52

2050 343.93 10.07 137.82 24.73 11.52 0.52 50.26 96.37 12.65

2060 360.26 10.25 143.77 27.22 12.12 0.52 51.41 102.19 12.78

Year



Projected Returns by Subbasin (mgd) (Alternative 2B)

Subbasin

Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM 

OF BLEWETT 

FALLS LAKE (NC)

Public Water/Wastewater Utilities

Base 113.14 0.00 63.58 0.55 0.00 0.00 0.29 43.20 5.52

2015 118.52 0.00 66.34 0.65 0.00 0.00 0.29 45.67 5.57

2020 128.98 0.00 71.74 0.68 0.00 0.00 0.30 50.62 5.64

2030 143.73 0.00 78.26 0.70 0.00 0.00 0.31 58.69 5.78

2040 156.83 0.00 82.19 0.80 0.00 0.00 0.32 67.60 5.92

2050 172.67 0.00 86.89 0.82 0.00 0.00 0.33 78.56 6.07

2060 189.91 0.00 92.39 0.84 0.00 0.00 0.35 90.11 6.23

Industrial

Base 4.17 0.21 3.13 0.00 0.16 0.00 0.00 0.42 0.25

2015 4.18 0.21 3.13 0.00 0.16 0.00 0.00 0.42 0.25

2020 4.19 0.21 3.14 0.00 0.16 0.00 0.00 0.42 0.25

2030 4.21 0.21 3.16 0.00 0.16 0.00 0.00 0.42 0.25

2040 4.23 0.21 3.18 0.00 0.16 0.00 0.00 0.42 0.25

2050 4.26 0.21 3.21 0.00 0.16 0.00 0.00 0.42 0.25

2060 4.28 0.21 3.24 0.00 0.16 0.00 0.00 0.42 0.25

Agriculture/Irrigation

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Power

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total

Base 117.31 0.21 66.70 0.55 0.16 0.00 0.29 43.62 5.78

2015 122.70 0.21 69.47 0.65 0.16 0.00 0.29 46.09 5.82

2020 133.16 0.21 74.88 0.68 0.16 0.00 0.30 51.04 5.89

2030 147.94 0.21 81.42 0.70 0.16 0.00 0.31 59.11 6.03

2040 161.06 0.21 85.37 0.80 0.16 0.00 0.32 68.02 6.18

2050 176.93 0.21 90.10 0.82 0.16 0.00 0.33 78.97 6.33

2060 194.20 0.21 95.63 0.84 0.16 0.00 0.35 90.53 6.48

Year



Base Year 2060

Industrial

Withdrawals 2010‐2012 Average 10.0 15.5 0.92
Returns 2010‐2012 Average 4.2 4.3 0.06
Net Withdrawals 2010‐2012 Average 5.8 11.2 1.37

Public Water/ Wastewater

Withdrawals 2010‐2012 Average 133.4 223.8 1.08
Returns 2010‐2012 Average 113.1 189.9 1.08
Net Withdrawals 2010‐2012 Average 20.2 33.9 1.08

Agriculture/Irrigation

Withdrawals 2010‐2012 Average 43.2 43.2 0.00
Returns 2010‐2012 Average 0.0 0.0 n/a
Net Withdrawals 2010‐2012 Average 43.2 43.2 0.00

Subtotal (Excluding Power)‐ Net Withdrawals 2010‐2012 Average 69.2 88.3 0.51
Public Water Supply/Wastewater and Industrial 26.1 45.1

Power

Net Withdrawals 2010‐2012 Average 4.4 77.8 6.15
Returns 2010‐2012 Average 0.0 0.0 n/a
Net Withdrawals 2010‐2012 Average 4.4 77.8 6.15

Total Basin‐ Net Withdrawals 2010‐2012 Average 73.7 166.1 1.71

Yadkin River Water Supply Study 

Net Withdrawal Projection and Comparison with Historical and Forecasted Populations

(Alternative 3)

Flow

Water User Category Base Year AGR
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Population Projections Years Start Year End Year AGR

United States 2010‐2030 308,745,538 369,662,000 0.90

2030‐2050 369,662,000 420,268,000 0.64

2040‐2050 389,934,000 420,268,000 0.75

2010‐2050 308,745,538 420,268,000 0.77

South Carolina1, 3 2010‐2035 4,625,364 5,722,720 0.86

    Yadkin River Basin 2010‐2035 75,667 74,220 ‐0.08

Chesterfield 2010‐2035 46,734 49,140 0.20

Marlboro 2010‐2035 28,933 25,080 ‐0.57

Virginia4 2010‐2040 8,001,024 10,530,228 0.69

    Yadkin River Basin 2010‐2040 64,065 64,609 0.02

Carroll 2010‐2040 30,042 31,187 0.09

Grayson 2010‐2040 15,533 14,520 ‐0.17

Patrick 2010‐2040 18,490 18,902 0.06

North Carolina2, 3 2010‐2030 9,535,483 11,576,088 0.97

    Yadkin River Basin 2010‐2030 3,418,431 4,219,846 1.06

Alexander 2010‐2030 37,198 37,276 0.01

Alleghany 2010‐2030 11,155 11,137 ‐0.01

Anson 2010‐2030 26,948 26,425 ‐0.10

Ashe 2010‐2030 27,281 27,649 0.07

Cabarrus 2010‐2030 178,011 237,929 1.46

Caldwell 2010‐2030 83,029 81,667 ‐0.08

Davidson 2010‐2031 162,878 169,749 0.21

Davie 2010‐2030 41,240 43,626 0.28

Forsyth 2010‐2030 350,670 393,805 0.58

Guilford 2010‐2030 488,406 601,279 1.04

Iredell 2010‐2030 159,437 199,982 1.14

Mecklenburg 2010‐2030 919,628 1,360,364 1.98

Montgomery 2010‐2030 27,798 27,489 ‐0.06

Randolph 2010‐2030 141,752 143,669 0.07

Richmond 2010‐2030 46,639 45,593 ‐0.11

Rowan 2010‐2030 138,428 146,442 0.28

Scotland 2010‐2030 36,157 33,904 ‐0.32

Stanly 2010‐2030 60,585 64,565 0.32

Stokes 2010‐2030 47,401 43,614 ‐0.42

Surry 2010‐2030 73,673 73,367 ‐0.02

Union 2010‐2030 201,292 285,500 1.76

Watauga 2010‐2030 51,079 57,214 0.57

Wilkes 2010‐2030 69,340 70,511 0.08

Yadkin 2010‐2030 38,406 37,090 ‐0.17
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Historical Data Years Start Year End Year AGR

US Population History3 1970‐2010 203,302,031 308,745,538 1.05

South Carolina Historical Population3 1970‐2010 2,590,516 4,625,364 1.46

    Yadkin River Basin 1970‐2010 60,818 75,667 0.55

Chesterfield 1970‐2010 33,667 46,734 0.82

Marlboro 1970‐2010 27,151 28,933 0.16

Virginia Historical Population4 1970‐2010 4,648,494 8,001,024 1.37

    Yadkin River Basin 1970‐2010 53,813 64,065 0.44

Carroll 1970‐2010 23,092 30,042 0.66

Grayson 1970‐2010 15,439 15,533 0.02

Patrick 1970‐2010 15,282 18,490 0.48

North Carolina Historical Population3 1970‐2010 5,082,059 9,535,483 1.59

    Yadkin River Basin 1970‐2010 1,768,998 3,418,431 1.66

Alexander 1970‐2010 19,466 37,198 1.63

Alleghany 1970‐2010 8,134 11,155 0.79

Anson 1970‐2010 23,488 26,948 0.34

Ashe 1970‐2010 19,571 27,281 0.83

Cabarrus 1970‐2010 74,629 178,011 2.20

Caldwell 1970‐2010 56,699 83,029 0.96

Davidson 1970‐2010 95,627 162,878 1.34

Davie 1970‐2010 18,855 41,240 1.98

Forsyth 1970‐2010 214,348 350,670 1.24

Guilford 1970‐2010 288,590 488,406 1.32

Iredell 1970‐2010 72,197 159,437 2.00

Mecklenburg 1970‐2010 354,656 919,628 2.41

Montgomery 1970‐2010 19,267 27,798 0.92

Randolph 1970‐2010 76,358 141,752 1.56

Richmond 1970‐2010 39,889 46,639 0.39

Rowan 1970‐2010 90,035 138,428 1.08

Scotland 1970‐2011 26,929 36,157 0.74

Stanly 1970‐2012 42,822 60,585 0.87

Stokes 1970‐2013 23,782 47,401 1.74

Surry 1970‐2014 51,415 73,673 0.90

Union 1970‐2015 54,714 201,292 3.31

Watauga 1970‐2016 23,404 51,079 1.97

Wilkes 1970‐2017 49,524 69,340 0.84

Yadkin 1970‐2010 24,599 38,406 1.12

Sources

4.  Virginia data retrieved online on June 26, 2014 (http://usatoday30.usatoday.com/news/nation/census/profile/VA)
3.  U.S. Census Bereau
2. North Carolina State Office of Budget and Management
1. South Carolina Office of Research and Statistics Health & Demographics webpage
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Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 3)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR

Withdrawals
WWAI‐1 Agriculture/Irrigation‐‐‐‐W. Kerr Scott Reservoir A/I (CGL) n/a 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
NWW‐08a Blue Ridge Tissue Corp‐‐‐‐Patterson Mill IND In‐take Pump ND ND ND 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NWW‐00 New Future Industry‐‐‐‐W. Kerr Scott Reservoir IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NWH‐89 Wilkes County‐‐‐‐Wilkes County WTP (Future) PW/WU n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.8 7.0 7.2 7.4 7.5

Withdrawal Subtotal 2.5 2.5 2.5 2.6 2.6 2.7 2.7 2.7 2.7 2.7 9.5 9.7 9.9 10.1 10.3

Returns
NRW‐08b Blue Ridge Tissue Corp‐‐‐‐Patterson Mill (return) IND Subbasin 03‐07‐01 0.1 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Return Subtotal 0.1 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

W. KERR SCOTT RESERVOIR TOTAL NET WITHDRAWALS 2.4 2.3 2.3 2.5 2.5 2.5 2.5 2.5 2.5 2.5 9.3 9.5 9.7 9.9 10.0



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 3)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

HIGH ROCK LAKE

Withdrawals
HWAI‐2 Agriculture/Irrigation‐‐‐‐High Rock Lake A/I (CGL) n/a 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6
NWH‐40a Louisiana Pacific Corporation‐‐‐‐Lousiana Pacific Corporation IND Yadkin River ND ND 1.4 1.5 1.2 2.1 2.4 2.1 2.2 2.2 2.2 2.2 2.2 2.2 2.2
NWH‐46b Performance Fibers, Inc‐‐‐‐Salisbury Facility IND Second Creek ND ND ND 0.7 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NWH‐74a True Textiles, Inc‐‐‐‐True Elkin, Inc. IND Big Elkin Creek ND ND 1.0 0.8 0.4 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NWH‐00 New Future Industry‐‐‐‐High Rock Lake IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0
NWH‐18a City of King‐‐‐‐City of King WTP PW/WU Yadkin River 1.6 1.7 2.3 1.9 1.7 1.7 1.6 1.7 1.7 1.7 1.7 1.7 1.8 1.8 1.9

NWH‐19c City of Lexington‐‐‐‐Lexington WTP (Lake Thom‐A‐Lex Intake) PW/WU
Abbotts Creek (Reservoir: Lake 
Thom‐A‐Lex)

3.9 3.3 3.2 2.9 2.7 2.7 2.8 2.6 2.7 2.8 3.0 3.1 3.2 3.4 3.5

NWH‐21a City of Mount Airy‐‐‐‐F. G. Doggett WTP PW/WU Stewarts Creek 3.9 2.6 2.2 1.6 1.6 1.7 1.8 2.6 2.0 2.0 2.0 2.1 2.2 2.2 2.3
NWH‐21c City of Mount Airy‐‐‐‐S. L. Spencer WTP PW/WU Lovills Creek 1.1 0.8 0.6 0.5 0.5 0.5 0.5 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.7
NWH‐22a City of Salisbury‐‐‐‐Salisbury WTP PW/WU Yadkin/South Yadkin 8.0 6.2 7.7 7.4 7.8 8.2 8.4 8.7 8.5 8.7 9.0 9.7 10.4 11.2 12.1
NWH‐23a City of Statesville‐‐‐‐City of Statesville WTP (S. Yadkin River intake) PW/WU South Yadkin River 5.2 3.9 4.1 3.4 3.1 3.3 3.2 3.1 3.2 3.9 5.0 5.4 5.8 6.3 6.8

NWH‐24a City of Thomasville‐‐‐‐City of Thomasville WTP PW/WU
Abbots Creek (Reservoir: Lake 
Thom‐A‐Lex)

3.2 2.6 3.0 ND 2.5 2.7 2.4 2.5 2.5 2.6 2.6 2.7 2.9 2.9 3.0

NWH‐25e City of Winston‐Salem‐‐‐‐P. W. Swann WTP PW/WU
Yadkin River @ Swann RWPS 
(Reservoir: W. Kerr Scott)

13.1 13.6 12.1 11.4 11.0 11.2 11.3 11.1 11.2 11.9 13.0 14.6 15.3 16.1 17.2

NWH‐25f City of Winston‐Salem‐‐‐‐R. W. Neilson WTP / R. A. Thomas WTP PW/WU
Yadkin River @ Idols RWPS 
(Reservoir: W. Kerr‐Scott)

31.5 32.7 29.0 27.4 26.4 26.8 27.1 26.7 26.9 28.5 31.3 35.1 36.6 38.7 41.3

NWH‐27a Davidson Water Inc‐‐‐‐C. O. Pickle WP PW/WU Yadkin River 9.2 10.1 11.8 11.3 10.8 11.3 10.2 9.9 10.5 10.6 10.7 11.0 11.2 11.5 11.8
NWH‐28a Davie County‐‐‐‐Cooleemee WTP PW/WU S. Yadkin 0.9 1.1 1.2 1.0 1.2 1.1 1.1 1.2 1.1 1.1 1.1 1.2 1.2 1.3 1.3
NWH‐28b Davie County‐‐‐‐Sparks Road WTP PW/WU Yadkin 1.2 1.6 1.7 1.4 1.6 1.5 1.6 1.6 1.6 1.6 1.6 1.7 1.7 1.8 1.8
NWH‐63 Town of Elkin‐‐‐‐Elkin Municipal WTP PW/WU Elkin Creek (Reservoir: Elkin) 1.4 1.1 0.9 0.9 0.8 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.8 0.8 0.8
NWH‐64 Town of Jonesville‐‐‐‐Jonesville WP PW/WU Yadkin River 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NWH‐65a Town of Mocksville‐‐‐‐Hugh A. Lagle WTP PW/WU Hunting Creek 0.8 0.8 0.9 ND ND 0.9 0.8 ND 0.9 0.9 0.9 0.9 0.9 1.0 1.0
NWH‐68a Town of North Wilkesboro‐‐‐‐North Wilkesboro WP PW/WU Reddies River 2.9 2.7 3.0 2.6 2.4 2.5 2.6 2.7 2.6 2.6 0.0 0.0 0.0 0.0 0.0
NWH‐70a Town of Pilot Mountain‐‐‐‐Pilot Mountain WTP PW/WU Toms Creek 0.9 0.4 0.3 0.2 0.2 0.2 0.3 0.3 0.2 0.3 0.3 0.3 0.3 0.3 0.3
NWH‐72b Town of Wilkesboro‐‐‐‐Wilkesboro WFP PW/WU Yadkin River 3.8 4.6 4.5 4.4 4.3 4.2 4.0 4.1 4.1 4.1 0.0 0.0 0.0 0.0 0.0

NWH‐73a Town of Yadkinville‐‐‐‐Yadkinville WTP PW/WU
South Deep Creek (Reservoir: 
Town of  Yadkinville)

1.0 0.9 0.9 0.9 0.7 0.9 0.9 0.8 0.8 0.8 0.9 0.9 0.9 0.9 0.9

NWH‐87 Energy United Water‐‐‐‐Energy United Water WTP PW/WU South Yadkin River 0.8 1.5 1.4 1.8 1.6 1.6 1.7 1.7 1.7 1.7 1.7 1.7 1.8 1.8 1.9
NNH‐30a Duke Energy Carolinas, LLC‐‐‐‐Buck Steam Station TEP Yadkin River/High Rock Lake 1.8 1.8 2.0 1.5 0.5 1.2 0.7 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NNH‐30b Duke Energy Carolinas, LLC‐‐‐‐Buck Combined Cycle Station TEP Yadkin River/High Rock Lake 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ND 0.3 2.5 2.5 2.5 2.5 2.5 2.5

NNH‐30d Duke Energy Carolinas, LLC‐‐‐‐Additional Combined Cycle Station #1 TEP
Yadkin River/High Rock Lake 
(upstream tributary)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 2.5 2.5 2.5 2.5

NNH‐30e Duke Energy Carolinas, LLC‐‐‐‐Additional Combined Cycle Station #2 TEP Yadkin River/High Rock Lake 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 2.5

Withdrawal Subtotal 120.1 118.1 119.3 109.5 107.4 111.8 110.5 109.4 110.4 116.2 118.7 126.0 130.3 137.8 143.8

Returns
NRH‐01 Allegheny Technologies, Inc‐‐‐‐ATI Allvac Monroe Plant IND Subbasin 03‐07‐14 0.2 0.1 0.1 0.2 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐40b Louisiana Pacific Corporation‐‐‐‐LP Roaring River WWTP IND Subbasin 03‐07‐01 0.9 0.9 1.2 1.4 1.3 1.4 1.2 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3

NRH‐45
P P G Industries Fiber Glass Products, Inc‐‐‐‐PPG Industries Fiber Glass 
Products

IND Subbasin 03‐07‐04 0.4 0.3 0.4 0.4 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

NRH‐46a Performance Fibers, Inc‐‐‐‐Salisbury Facility IND Subbasin 03‐07‐06 1.6 1.0 0.4 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NRH‐74b True Textiles, Inc‐‐‐‐304 East Main Street Plant IND Subbasin 03‐07‐02 1.6 0.7 0.9 0.5 0.3 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐75 Tyson Foods, Inc‐‐‐‐Harmony Plant IND Subbasin 03‐07‐06 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.3
NRH‐78 Wayne Farms LLC Bruckie Ashburn‐‐‐‐Dobson Plant IND Subbasin 03‐07‐02 0.5 0.6 0.4 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NRH‐85 Norfolk Southern Railway Company‐‐‐‐Linwood Yard IND Subbasin 03‐07‐04 0.1 0.1 0.2 0.2 0.2 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRH‐16 City of High Point‐‐‐‐Westside WWTP PW/WU Subbasin 03‐07‐07 3.4 4.0 3.7 3.6 3.6 3.5 4.1 2.8 3.5 3.6 3.7 4.1 4.5 4.9 5.3
NRH‐18b City of King‐‐‐‐City of King WTP PW/WU Subbasin 03‐07‐02 ND ND ND ND ND 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐19a City of Lexington‐‐‐‐Lexington Regional WWTP PW/WU Subbasin 03‐07‐07 3.5 3.1 2.5 2.3 3.0 3.2 2.9 2.6 2.9 3.0 3.2 3.3 3.4 3.6 3.7
NRH‐19b City of Lexington‐‐‐‐Lexington WTP #1 & 2 PW/WU Subbasin 03‐07‐07 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.5 0.5 0.5 0.5 0.6 0.6 0.6
NRH‐21b City of Mount Airy‐‐‐‐Mount Airy WWTP PW/WU Subbasin 03‐07‐03 5.0 3.2 2.0 1.5 1.6 2.1 2.1 1.7 2.0 2.0 2.0 2.1 2.1 2.2 2.2
NRH‐22b City of Salisbury‐‐‐‐Salisbury‐Rowan WWTP PW/WU Subbasin 03‐07‐04 4.5 6.8 7.3 7.2 7.8 7.7 7.1 6.3 7.0 7.2 7.5 8.0 8.7 9.3 10.1
NRH‐23b City of Statesville‐‐‐‐Fourth Creek WWTP PW/WU Subbasin 03‐07‐06 3.0 2.6 3.0 3.0 3.2 3.2 2.5 2.1 2.6 3.1 4.0 4.4 4.7 5.1 5.6
NRH‐23c City of Statesville‐‐‐‐Third Creek WWTP PW/WU Subbasin 03‐07‐06 2.0 1.3 1.4 1.2 1.3 1.5 0.9 0.8 1.1 1.4 1.7 1.9 2.0 2.2 2.4
NRH‐24b City of Thomasville‐‐‐‐Hamby Creek WWTP PW/WU Subbasin 03‐07‐07 3.0 2.7 2.7 2.5 2.4 2.5 2.2 2.1 2.3 2.3 2.3 2.4 2.6 2.6 2.7
NRH‐25a City of Winston‐Salem‐‐‐‐Archie Elledge WWTP PW/WU Subbasin 03‐07‐04 21.1 18.4 18.0 17.0 17.6 17.6 15.7 14.8 16.0 17.4 19.0 21.4 22.3 23.6 25.1
NRH‐25b City of Winston‐Salem‐‐‐‐Muddy Creek WWTP PW/WU Subbasin 03‐07‐04 13.1 14.6 15.5 14.4 14.9 15.9 15.1 15.3 15.5 15.5 17.0 19.0 19.9 21.0 22.4
NRH‐25c City of Winston‐Salem‐‐‐‐P. W. Swann WTP PW/WU Subbasin 03‐07‐02 ND ND 0.4 0.4 0.4 0.5 0.4 0.4 0.4 0.5 0.5 0.6 0.6 0.6 0.7
NRH‐25d City of Winston‐Salem‐‐‐‐R. A. Thomas WTP PW/WU Subbasin 03‐07‐04 0.8 0.8 0.7 0.6 ND ND 1.5 0.3 0.9 0.9 1.0 1.2 1.2 1.3 1.4
NRH‐27b Davidson Water Inc‐‐‐‐Davidson Water WTP PW/WU Subbasin 03‐07‐04 0.2 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NRH‐28c Davie County‐‐‐‐Sparks Road WTP PW/WU Subbasin 03‐07‐02 ND ND 0.1 0.1 0.2 0.2 1.1 1.5 0.9 0.9 0.9 1.0 1.0 1.0 1.0
NRH‐28d Davie County‐‐‐‐Cooleemee WWTP PW/WU Subbasin 03‐07‐06 0.9 0.6 0.4 0.5 0.5 0.6 0.5 0.5 0.6 0.6 0.6 0.6 0.6 0.6 0.7
NRH‐58 Town of Bermuda Run‐‐‐‐Bermuda Run WWTP PW/WU Subbasin 03‐07‐02 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐60 Town of Boonville‐‐‐‐Boonville WWTP PW/WU Subbasin 03‐07‐02 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐62 Town of Dobson‐‐‐‐Dobson WWTP PW/WU Subbasin 03‐07‐02 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRH‐65b Town of Mocksville‐‐‐‐Bear Creek WWTP PW/WU Subbasin 03‐07‐06 0.2 0.2 0.2 0.2 ND ND ND ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NRH‐65c Town of Mocksville‐‐‐‐Dutchman Creek WWTP PW/WU Subbasin 03‐07‐05 0.4 0.5 0.5 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.5 0.5
NRH‐68b Town of North Wilkesboro‐‐‐‐Thurman Street WWTP PW/WU Subbasin 03‐07‐01 0.9 0.8 0.7 0.6 0.8 0.7 0.8 0.9 0.8 0.8 0.8 0.8 0.9 0.9 0.9
NRH‐70b Town of Pilot Mountain‐‐‐‐Pilot Mountain WTP PW/WU Subbasin 03‐07‐03 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 3)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

NRH‐70c Town of Pilot Mountain‐‐‐‐Pilot Mountain WWTP PW/WU Subbasin 03‐07‐03 0.8 0.4 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRH‐72a Town of Wilkesboro‐‐‐‐Cub Creek WWTP PW/WU Subbasin 03‐07‐01 3.2 3.4 3.1 2.7 3.1 3.5 3.6 3.7 3.6 3.6 3.7 3.7 3.8 3.9 4.0
NRH‐73b Town of Yadkinville‐‐‐‐Yadkinville WWTP PW/WU Subbasin 03‐07‐02 0.7 0.6 0.7 0.7 0.7 0.8 0.8 0.7 0.8 0.8 0.8 0.8 0.8 0.8 0.8

NRH‐81
Yadkin Valley Sewer Authority, Inc‐‐‐‐Yadkin Valley Sewer Authority 
WWTP

PW/WU Subbasin 03‐07‐02 0.9 0.7 0.5 0.6 0.6 0.5 0.7 0.7 0.6 0.6 0.6 0.6 0.6 0.7 0.7

NRH‐86 Town of Cleveland‐‐‐‐Cleveland WWTP PW/WU Subbasin 03‐07‐06 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Return Subtotal 73.8 70.1 68.8 64.7 66.9 69.1 67.1 62.4 66.7 69.5 74.9 81.4 85.4 90.1 95.6

HIGH ROCK LAKE TOTAL NET WITHDRAWALS 46.3 47.9 50.6 44.8 40.6 42.7 43.4 47.0 43.7 46.7 43.8 44.6 44.9 47.7 48.1

TUCKERTOWN RESERVOIR

Withdrawals
TWAI‐3 Agriculture/Irrigation‐‐‐‐Tuckertown Reservoir A/I (CGL) n/a 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
NWT‐00 New Future Industry‐‐‐‐Tuckertown Reservoir IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

NWT‐14b City of Albemarle‐‐‐‐Tuckertown WTP PW/WU
Yadkin River (Reservoir: 
Tuckertown)

3.0 3.3 2.4 2.6 2.2 2.4 ND 2.4 2.4 3.9 4.2 4.4 5.8 5.9 6.0

NWT‐61a Town of Denton‐‐‐‐Denton WP PW/WU
Yadkin River (Reservoir: 
Tuckertown Reservoir)

0.9 1.4 1.4 ND 1.3 1.3 1.2 1.2 1.2 1.2 1.3 1.3 1.3 1.3 1.4

Withdrawal Subtotal 4.4 5.2 4.3 3.1 4.0 4.2 1.7 4.1 4.1 5.6 6.5 6.7 8.1 8.3 8.4

Returns
NRT‐14c City of Albemarle‐‐‐‐Tuckertown WTP PW/WU Subbasin 03‐07‐08 0.0 0.0 0.0 0.0 0.0 0.2 0.1 0.1 0.2 0.3 0.3 0.3 0.4 0.4 0.4
NRT‐61b Town of Denton‐‐‐‐Denton WWTP PW/WU Subbasin 03‐07‐08 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.5

Return Subtotal 0.4 0.4 0.4 0.4 0.5 0.6 0.5 0.5 0.6 0.7 0.7 0.7 0.8 0.8 0.8

TUCKERTOWN RESERVOIR TOTAL NET WITHDRAWALS 4.0 4.8 3.9 2.7 3.5 3.6 1.2 3.6 3.6 5.0 5.8 6.0 7.3 7.4 7.6



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 3)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

NARROWS RESERVOIR (BADIN LAKE)

Withdrawals
NWAI‐4 Agriculture/Irrigation‐‐‐‐Narrows Reservoir (Badin Lake) A/I (CGL) n/a 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NWN‐00 New Future Industry‐‐‐‐Narrows Reservoir (Badin Lake) IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

NWN‐14d City of Albemarle‐‐‐‐US 52 HWY WTP PW/WU
Yadkin River at Narrows 
(Reservoir: Narrows (Badin Lake))

3.8 4.2 3.1 3.3 2.8 3.1 ND 3.0 3.0 5.4 6.7 7.3 10.0 10.8 11.4

Withdrawal Subtotal 4.0 4.5 3.3 3.5 3.0 3.3 0.2 3.2 3.3 5.7 7.5 8.1 10.7 11.5 12.1

Returns
NRN‐02 Aluminum Company Of America‐‐‐‐Badin Works IND Subbasin 03‐07‐08 0.6 0.3 0.1 0.3 0.3 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Return Subtotal 0.6 0.3 0.1 0.3 0.3 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

NARROWS RESERVOIR (BADIN LAKE) TOTAL NET WITHDRAWALS 3.5 4.2 3.2 3.3 2.7 3.1 0.1 3.1 3.1 5.5 7.3 7.9 10.6 11.4 12.0

FALLS RESERVOIR

Withdrawals
FWAI‐5 Agriculture/Irrigation‐‐‐‐Falls Reservoir A/I (CGL) n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NWF‐00 New Future Industry‐‐‐‐Falls Reservoir IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

Withdrawal Subtotal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

Returns

None None None ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

None None None ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

None None None ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

Return Subtotal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

FALLS RESERVOIR TOTAL NET WITHDRAWALS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 3)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

LAKE TILLERY

Withdrawals
LWAI‐6 Agriculture/Irrigation‐‐‐‐Lake Tillery A/I (CGL) n/a 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8
NWL‐00 New Future Industry‐‐‐‐Lake Tillery IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0

NWB‐76e
Union County Public Works‐‐‐‐Planned Yadkin River Water Intake 
(Future)

PW/WU n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

NWL‐05b Asheboro‐‐‐‐W. L. Brown Jr WTP (Lake Lucas intake) PW/WU Back Creek (Reservoir: Lake Lucas) 1.7 1.8 1.9 1.8 1.5 1.6 1.6 1.6 1.6 2.1 2.9 3.3 3.6 4.1 4.5

NWL‐05c Asheboro‐‐‐‐W. L. Brown Jr WTP (Lake Reese intake) PW/WU Uwharrie (Reservoir: Lake Reese) 3.1 3.3 3.3 3.1 2.7 2.8 2.8 2.8 2.8 3.7 5.1 5.8 6.3 7.2 7.9

NWL‐42 Montgomery County‐‐‐‐Montgomery County WTP PW/WU
LAKE TILLERY (Reservoir: Lake 
Tillery)

2.5 3.1 3.5 3.9 3.0 2.4 2.1 2.2 2.2 2.3 2.3 2.3 2.4 2.5 2.5

NWL‐69a Town of Norwood‐‐‐‐Norwood WTP PW/WU
Yadkin River (Reservoir: Lake 
Tillery)

0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.4 0.4 0.5 0.5 0.5 0.5 0.5 0.5

NNH‐30g Duke Energy Carolinas, LLC‐‐‐‐Additional Nuclear Plant #2 TEP
Yadkin River (Reservoir: Lake 
Tillery)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 32.2 32.2

Withdrawal Subtotal 10.6 11.4 11.9 12.0 10.5 10.0 9.7 9.8 9.9 11.3 14.6 15.8 16.6 50.3 51.4

Returns
NRL‐34 Greater Badin Water & Sewer District‐‐‐‐Badin WWTP PW/WU Subbasin 03‐07‐08 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Return Subtotal 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

LAKE TILLERY TOTAL NET WITHDRAWALS 10.1 10.9 11.7 11.7 10.2 9.7 9.4 9.5 9.6 11.0 14.3 15.5 16.3 49.9 51.1

BLEWETT FALLS LAKE

Withdrawals
BWAI‐7 Agriculture/Irrigation‐‐‐‐Blewett Falls Lake A/I (CGL) n/a 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5

NWB‐35b Hedrick Industries‐‐‐‐Aquadale Quarry (Pump 1 ‐ Fresh Water Pond) IND Pump 1 ‐ Fresh Water Pond ND ND ND 0.4 0.2 0.3 0.4 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4

NWB‐35c Hedrick Industries‐‐‐‐Aquadale Quarry (Pump 2 ‐ Cement Pond) IND Pump 2 ‐ Cement Pond ND ND ND 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NWB‐55 Teledyne Allvac‐‐‐‐Monroe Plant IND Lower Pond ND ND ND ND 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
NWB‐56 The Fork, LLC‐‐‐‐The Fork, LLC IND Rocky River ND ND 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
NWB‐00 New Future Industry‐‐‐‐Blewett Falls Lake IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0

NWB‐03a Anson County‐‐‐‐Anson County Filtration Plant PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

5.5 6.0 6.0 5.4 5.7 6.6 6.8 5.7 4.6 4.6 4.7 4.8 4.9 5.0 5.2

NWB‐03b
Anson County‐‐‐‐Anson County Filtration Plant (treated wholesale to 
UCPW)

PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.8 2.4 2.4 0.0 0.0 0.0 0.0

NWB‐03c Anson County‐‐‐‐Anson County Filtration Plant (raw wholesale to UCPW) PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.1 11.8 16.5 18.8

NWB‐15a City of Concord‐‐‐‐Coddle Creek WTP PW/WU
Coddle Creek (Reservoir: Lake Don 
T. Howell)

6.8 7.8 9.6 ND 8.0 8.0 8.0 8.0 8.0 7.3 8.3 8.5 9.1 12.2 14.1

NWB‐15d City of Concord‐‐‐‐Hillgrove WTP (Lake Fisher intake) PW/WU
Cold Water Creek (Reservoir: Lake 
Fisher)

2.1 2.4 2.9 ND 2.5 2.5 2.5 2.5 2.5 2.3 2.5 2.6 2.8 3.8 4.3

NWB‐17a City of Kannapolis‐‐‐‐City of Kannapolis WTP PW/WU
Irish Buffalo Creek (Reservoir: 
Kannapolis Lake)

6.5 5.4 7.8 5.4 7.6 3.8 4.9 3.4 4.1 3.2 3.7 3.7 4.0 5.4 6.2

NWB‐17c
City of Kannapolis‐‐‐‐City of Kannapolis WTP (supplemental intake ‐ Lake 
Howell)

PW/WU
Coddle Creek (Reservoir: Lake 
Howell)

0.7 0.6 0.9 0.6 0.9 0.4 0.6 0.4 0.5 0.4 0.4 0.4 0.5 0.6 0.7

NWB‐20a City of Monroe‐‐‐‐John Glenn WTP PW/WU
Stewarts Creek (Reservoir: Lake 
Twitty)

7.0 6.9 6.2 ND 5.7 6.0 6.2 5.9 6.0 6.4 7.0 8.3 9.9 11.7 13.9

NWB‐77a Water and Sewer Authority of Cabarrus County‐‐‐‐Mt. Pleasant WTF PW/WU Dutch Buffalo Creek 0.3 0.3 0.3 0.2 0.2 0.3 0.3 0.2 0.3 0.3 0.3 0.4 0.4 0.5 0.5

NWB‐88 Richmond County‐‐‐‐Richmond County WTP PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

3.7 3.2 3.9 3.3 2.7 3.0 3.7 ND 3.4 3.4 3.4 3.5 3.6 3.7 3.8

NNB‐30c Duke Energy Carolinas, LLC‐‐‐‐Smith Energy Complex TEP n/a 0.0 ND 0.8 0.9 1.2 1.7 3.3 4.2 4.2 6.0 6.0 6.0 6.0 6.0 6.0

NNH‐30f Duke Energy Carolinas, LLC‐‐‐‐Additional Nuclear Plant #1 TEP
Pee Dee River (Reservoir: Blewett 
Falls Lake)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 32.2 32.2

Withdrawal Subtotal 44.0 44.1 50.2 28.1 48.7 46.5 50.5 44.7 49.5 50.5 53.9 60.5 68.2 112.8 121.0



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 3)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

Returns
NRB‐35a Hedrick Industries‐‐‐‐Aquadale Quarry IND Subbasin 03‐07‐13 1.2 ND 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
NRB‐83 Carolina Stalite Company‐‐‐‐Carolina Stalite Company IND Subbasin 03‐07‐13 0.8 0.5 0.5 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRB‐13 Charlotte Mecklenburg Utility Department‐‐‐‐Mallard Creek WWTP PW/WU Subbasin 03‐07‐11 5.1 5.5 7.8 7.5 8.2 7.9 8.4 7.9 8.1 8.6 9.6 11.4 13.6 16.3 19.4
NRB‐14a City of Albemarle‐‐‐‐Long Creek WWTP PW/WU Subbasin 03‐07‐13 8.1 9.1 7.4 5.5 6.1 5.7 5.3 5.0 5.3 5.7 6.4 6.8 6.9 7.2 7.4
NRB‐15b City of Concord‐‐‐‐Coddle Creek WTP PW/WU Subbasin 03‐07‐11 0.4 1.0 0.2 0.1 0.3 0.4 0.4 0.3 0.4 0.3 0.4 0.4 0.4 0.5 0.6
NRB‐17b City of Kannapolis‐‐‐‐City of Kannapolis WTP PW/WU Subbasin 03‐07‐12 0.6 0.2 0.4 0.3 0.3 0.3 0.3 0.2 0.3 0.2 0.3 0.3 0.3 0.4 0.4
NRB‐20b City of Monroe‐‐‐‐John Glenn WTP PW/WU Subbasin 03‐07‐14 0.4 0.3 0.8 0.8 0.8 0.7 0.7 0.8 0.7 0.8 0.9 1.0 1.2 1.4 1.7
NRB‐20c City of Monroe‐‐‐‐Monroe WWTP PW/WU Subbasin 03‐07‐14 7.1 6.6 6.5 6.4 6.4 6.4 5.8 6.0 6.1 6.4 7.0 8.3 9.9 11.8 14.0
NRB‐20d City of Monroe‐‐‐‐Monroe WWTP (allotment to Union County) PW/WU Subbasin 03‐07‐14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2 1.5 2.1 3.4 4.7 6.6 7.6
NRB‐52 Stanly County‐‐‐‐West Stanly WWTP PW/WU Subbasin 03‐07‐14 0.4 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.5
NRB‐59 Town of Biscoe‐‐‐‐Biscoe WWTP PW/WU Subbasin 03‐07‐15 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRB‐66 Town of Mooresville‐‐‐‐Rocky River WWTP (Town of Mooresville) PW/WU Subbasin 03‐07‐11 3.0 2.5 2.9 3.0 3.2 3.4 3.3 3.4 3.4 3.5 3.7 4.2 4.6 5.2 5.8
NRB‐67 Town of Mount Gilead‐‐‐‐Mount Gilead WWTP PW/WU Subbasin 03‐07‐10 0.4 0.4 0.4 0.3 0.1 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRB‐69b Town of Norwood‐‐‐‐Norwood WWTP PW/WU Subbasin 03‐07‐14 0.5 0.4 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRB‐71 Town of Troy‐‐‐‐Troy WWTP PW/WU Subbasin 03‐07‐15 0.6 0.6 0.5 0.4 0.4 0.4 0.4 0.5 0.4 0.4 0.5 0.5 0.5 0.5 0.5
NRB‐76a Union County Public Works‐‐‐‐Crooked Creek WWTP #2 PW/WU Subbasin 03‐07‐12 1.1 1.2 1.3 1.1 1.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

NRB‐76a(F) Union County Public Works‐‐‐‐Crooked Creek WWTP #2 (Future) PW/WU Subbasin 03‐07‐12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.1 1.5 1.5 1.5 1.5 1.5
NRB‐76b Union County Public Works‐‐‐‐Hunley Creek WWTP PW/WU Subbasin 03‐07‐12 0.1 0.2 ND ND ND ND ND ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NRB‐76c Union County Public Works‐‐‐‐Grassy Branch WWTP PW/WU Subbasin 03‐07‐12 ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1
NRB‐76d Union County Public Works‐‐‐‐Tallwood Estates WWTP PW/WU Subbasin 03‐07‐12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1

NRB‐77c
Water and Sewer Authority of Cabarrus County‐‐‐‐Rocky River WWTP 
(WSACC)

PW/WU Subbasin 03‐07‐12 17.1 14.6 14.7 14.3 14.7 14.4 14.2 13.9 14.2 14.9 16.1 18.4 21.1 24.1 27.7

NRB‐84 City of Charlotte‐‐‐‐Cabarrus Woods WWTP PW/WU Subbasin 03‐07‐11 0.3 0.4 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.5 0.5 0.6 0.6 0.7 0.8
NRB‐04 Aqua North Carolina, Inc‐‐‐‐Country Wood WWTP PW/WU (D) Subbasin 03‐07‐12 0.0 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.4 0.4 0.5
NRB‐09 Bradfield Farms Water Company‐‐‐‐Bradfield Farms WWTP PW/WU (D) Subbasin 03‐07‐11 0.1 0.1 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.5 0.5 0.7

NRB‐11 Carolina Water Service Inc of North Carolina‐‐‐‐Hemby Acres WWTP PW/WU (D) Subbasin 03‐07‐12 0.1 0.1 0.1 0.5 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2

Return Subtotal 47.9 44.5 45.3 42.4 44.0 43.2 42.4 41.6 43.6 46.1 51.0 59.1 68.0 79.0 90.5

BLEWETT FALLS LAKE TOTAL NET WITHDRAWALS ‐3.9 ‐0.4 4.9 ‐14.3 4.7 3.3 8.1 3.1 5.9 4.4 2.8 1.4 0.2 33.9 30.5

DOWNSTREAM OF BLEWETT FALLS LAKE (NC)

Withdrawals
DWAI‐8 Agriculture/Irrigation‐‐‐‐Downstream of Blewett Falls Lake (NC) A/I (CGL) n/a 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
NWD‐00 New Future Industry‐‐‐‐Downstream of Blewett Falls Lake (NC) IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0
NWD‐94a B.V. Hedrick Gravel And Sand Co.‐‐‐‐Hedrick Mine (Pump House ‐ 1) IND Pump House ‐ 1 ND ND ND 1.7 2.1 2.1 1.8 0.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
NWD‐94b B.V. Hedrick Gravel And Sand Co.‐‐‐‐Hedrick Mine (Pump House ‐ 3) IND Pump House ‐ 3 ND ND ND 1.7 2.1 2.0 1.8 0.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
NWD‐94c B.V. Hedrick Gravel And Sand Co.‐‐‐‐Hedrick Mine (Pump House ‐ 4) IND Pump House ‐ 4 ND ND ND 1.7 2.1 2.1 1.8 0.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4

NWD‐91a City of Hamlet‐‐‐‐Hamlet WTP PW/WU
Hamlet Water System (Reservoir: 
Hamlet Water Lake)

1.4 1.5 1.2 1.1 1.1 1.2 1.1 1.2 1.2 1.2 1.2 1.2 1.3 1.3 1.3

NWD‐90b City of Rockingham‐‐‐‐Rockingham WTP (City Pond intake) PW/WU City Pond (Reservoir: City Pond) 1.1 0.8 1.1 0.9 0.9 0.8 1.0 1.1 1.0 1.0 1.0 1.0 1.0 1.1 1.1

NWD‐90c City of Rockingham‐‐‐‐Rockingham WTP (Roberdel Lake intake) PW/WU
Roberdel Lake (Reservoir: 
Roberdel Lake)

2.1 1.6 2.1 1.8 1.7 1.7 2.0 2.2 2.0 2.0 2.0 2.0 2.1 2.1 2.2

NWD‐93 Town of Wadesboro‐‐‐‐Town of Wadesboro WTP PW/WU Jones Creek (Reservoir: City Pond) 1.4 0.9 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.9 0.9 0.9

Withdrawal Subtotal 8.0 6.8 7.2 11.7 12.8 12.7 12.4 8.4 11.2 11.2 12.3 12.4 12.5 12.6 12.8

Returns
NRD‐03d Anson County‐‐‐‐Anson County Regional WWTP PW/WU Subbasin 03‐07‐16 2.4 1.1 1.3 1.4 1.3 1.4 1.2 1.4 1.3 1.3 1.4 1.4 1.4 1.5 1.5
NRD‐03e Anson County‐‐‐‐Anson County Filtration Plant PW/WU Subbasin 03‐07‐16 0.6 0.6 0.7 0.7 0.7 0.5 0.5 0.6 0.5 0.5 0.5 0.5 0.6 0.6 0.6
NRD‐92 Burlington Industries LLC‐‐‐‐Richmond Plant IND Subbasin 03‐07‐16 0.5 0.5 0.3 0.3 0.2 0.3 0.3 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3
NRD‐91b City of Hamlet‐‐‐‐Hamlet WWTP PW/WU Subbasin 03‐07‐16 0.7 0.8 0.7 0.8 0.7 0.8 0.7 0.6 0.7 0.7 0.7 0.7 0.7 0.8 0.8
NRD‐90a City of Rockingham‐‐‐‐Rockingham WWTP PW/WU Subbasin 03‐07‐16 4.8 4.3 3.8 4.1 3.1 2.7 2.4 3.0 2.7 2.7 2.8 2.8 2.9 3.0 3.1
NRD‐88b Richmond County‐‐‐‐Richmond County WTP PW/WU Subbasin 03‐07‐16 0.1 0.2 0.3 0.3 0.4 0.4 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Return Subtotal 9.1 7.5 7.0 7.5 6.3 6.0 5.3 6.0 5.8 5.8 5.9 6.0 6.2 6.3 6.5

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) TOTAL NET WITHDRAWALS ‐1.1 ‐0.7 0.2 4.2 6.4 6.7 7.1 2.4 5.4 5.4 6.4 6.4 6.3 6.3 6.3

GRAND TOTAL (ALL BASINS)
WITHDRAWALS 185.6 185.7 191.7 158.8 176.3 178.5 175.3 174.0 179.8 192.0 211.2 227.3 244.3 331.3 347.5

RETURNS 123.2 115.9 115.0 108.3 112.1 113.6 110.7 105.1 111.5 116.9 127.3 141.9 154.9 170.6 187.7

NET WITHDRAWALS 62.4 69.8 76.6 50.6 64.2 65.0 64.6 68.9 68.3 75.1 83.9 85.4 89.5 160.7 159.8



Projected Net Withdrawals by Month (mgd) (Alternative 3)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Public Water/Wastewater Utilities

Base 20.23 1.50 0.93 ‐6.20 8.74 23.81 40.24 44.94 42.76 36.83 29.16 15.69 3.40

2015 22.96 3.20 2.52 ‐4.90 10.87 26.82 44.06 48.79 46.53 40.51 32.28 18.35 5.44

2020 24.82 3.30 2.58 ‐5.40 11.67 28.91 47.70 52.82 50.43 43.92 35.03 19.92 5.80

2030 26.30 1.64 0.86 ‐7.73 11.82 31.49 52.19 57.95 54.94 47.81 37.95 20.73 4.75

2040 30.35 3.01 1.93 ‐7.18 14.67 36.75 58.96 65.12 61.47 54.04 43.33 24.40 6.47

2050 34.77 4.25 2.77 ‐6.90 17.66 42.48 66.62 73.46 69.11 61.00 49.46 28.14 7.80

2060 33.86 0.51 ‐1.22 ‐11.61 15.45 42.51 68.44 75.99 70.97 62.36 50.12 26.84 4.40

Industrial

Base 5.84 5.41 5.49 5.41 5.49 5.45 5.60 5.70 5.53 5.78 7.25 7.15 5.68

2015 5.83 5.40 5.48 5.41 5.49 5.45 5.59 5.69 5.53 5.77 7.25 7.14 5.67

2020 11.32 10.89 10.97 10.90 10.98 10.94 11.09 11.18 11.02 11.26 12.74 12.63 11.16

2030 11.30 10.87 10.95 10.88 10.96 10.92 11.07 11.16 11.00 11.24 12.71 12.61 11.14

2040 11.28 10.84 10.92 10.86 10.94 10.90 11.04 11.14 10.98 11.22 12.69 12.59 11.12

2050 11.25 10.81 10.90 10.83 10.92 10.87 11.02 11.12 10.96 11.19 12.66 12.56 11.09

2060 11.23 10.78 10.86 10.80 10.89 10.84 10.99 11.09 10.93 11.17 12.63 12.53 11.06

Agriculture/Irrigation

Base 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2015 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2020 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2030 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2040 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2050 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2060 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

Power

Base 4.44 3.75 4.93 4.72 4.05 4.27 4.82 6.31 5.59 4.27 2.82 3.47 4.24

2015 8.49 8.27 8.50 8.48 8.51 8.55 8.75 8.87 8.89 8.73 8.40 8.04 7.89

2020 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2030 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2040 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2050 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

2060 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

Total

Base 73.68 12.50 14.32 14.92 46.51 88.39 150.89 181.35 156.76 106.79 62.57 32.53 15.62

2015 80.46 18.72 19.48 19.98 53.10 95.68 158.64 187.76 163.82 114.92 71.27 39.75 21.30

2020 90.30 26.58 27.53 27.44 61.90 105.81 170.52 200.15 176.10 126.55 81.91 48.85 29.05

2030 91.76 24.89 25.79 25.10 62.03 108.36 174.99 205.25 180.59 130.41 84.80 49.64 27.97

2040 95.79 26.24 26.83 25.62 64.86 113.60 181.73 212.40 187.09 136.62 90.16 53.29 29.67

2050 167.00 99.80 96.90 88.46 128.57 180.62 259.19 294.51 268.43 211.13 159.54 119.15 96.19

2060 166.06 96.02 92.88 83.73 126.34 180.62 260.99 297.01 270.27 212.46 160.16 117.82 92.76

Year

Annual 

Average

Month



Projected Withdrawals by Month (mgd) (Alternative 3)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Public Water/Wastewater Utilities

Base 133.37 124.27 122.00 121.49 126.39 136.71 149.28 148.91 149.80 143.65 134.49 123.73 119.08

2015 141.48 131.77 129.41 128.89 134.09 145.09 158.30 157.72 158.68 152.48 142.59 131.49 126.56

2020 153.79 143.25 140.70 140.21 145.75 157.61 171.97 171.30 172.48 165.80 155.07 143.03 137.57

2030 170.03 157.62 154.82 154.49 161.19 174.83 190.63 189.99 191.05 183.65 171.72 157.94 151.63

2040 187.19 173.17 170.01 169.83 177.57 193.04 210.00 209.23 210.11 202.27 189.24 174.07 166.84

2050 207.44 191.56 187.91 187.99 196.90 214.40 232.86 232.17 232.93 224.25 210.07 192.87 184.47

2060 223.77 206.49 202.49 202.74 212.49 231.47 251.24 250.58 251.32 241.95 226.73 207.97 198.79

Industrial

Base 10.01 9.94 9.90 9.82 9.85 9.72 9.60 9.83 9.95 10.00 11.11 10.87 9.53

2015 10.01 9.94 9.90 9.82 9.85 9.72 9.60 9.83 9.95 10.00 11.11 10.87 9.53

2020 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2030 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2040 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2050 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2060 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

Agriculture/Irrigation

Base 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2015 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2020 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2030 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2040 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2050 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2060 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

Power

Base 4.44 3.75 4.93 4.72 4.05 4.27 4.82 6.31 5.59 4.27 2.82 3.47 4.24

2015 8.49 8.27 8.50 8.48 8.51 8.55 8.75 8.87 8.89 8.73 8.40 8.04 7.89

2020 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2030 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2040 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2050 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

2060 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

Total

Base 191.00 139.80 139.80 147.01 168.53 205.55 263.93 289.46 268.21 217.82 171.76 144.30 135.14

2015 203.16 151.82 150.79 158.17 180.69 218.21 276.89 300.83 280.38 231.11 185.45 156.63 146.28

2020 223.46 171.07 170.08 177.47 200.35 238.78 298.80 322.78 302.58 252.66 205.82 175.71 164.68

2030 239.70 185.45 184.19 191.75 215.79 256.00 317.47 341.47 321.15 270.50 222.47 190.62 178.74

2040 256.86 200.99 199.39 207.09 232.18 274.22 336.83 360.71 340.20 289.13 239.99 206.74 193.94

2050 343.93 291.72 286.54 287.84 312.25 356.89 429.52 457.43 436.74 378.68 324.10 287.69 276.79

2060 360.26 306.66 301.12 302.58 327.84 373.96 447.90 475.84 455.13 396.38 340.76 302.80 291.12

Year

Annual 

Average

Month



Projected Returns by Month (mgd) (Alternative 3)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Public Water/Wastewater Utilities

Base 113.14 122.77 121.07 127.69 117.65 112.90 109.04 103.97 107.03 106.82 105.33 108.04 115.68

2015 118.52 128.57 126.90 133.78 123.22 118.27 114.24 108.93 112.15 111.97 110.31 113.14 121.12

2020 128.98 139.95 138.13 145.61 134.07 128.69 124.27 118.49 122.05 121.88 120.03 123.12 131.77

2030 143.73 155.98 153.95 162.21 149.37 143.34 138.45 132.05 136.11 135.84 133.78 137.21 146.88

2040 156.83 170.16 168.09 177.01 162.90 156.29 151.05 144.12 148.64 148.23 145.91 149.66 160.37

2050 172.67 187.30 185.14 194.89 179.24 171.93 166.24 158.70 163.82 163.24 160.61 164.73 176.67

2060 189.91 205.98 203.71 214.34 197.04 188.96 182.80 174.59 180.34 179.59 176.62 181.14 194.39

Industrial

Base 4.17 4.53 4.41 4.40 4.36 4.27 4.00 4.14 4.41 4.22 3.86 3.73 3.85

2015 4.18 4.54 4.41 4.41 4.37 4.27 4.01 4.14 4.42 4.22 3.87 3.73 3.85

2020 4.19 4.55 4.42 4.42 4.38 4.28 4.02 4.15 4.43 4.23 3.88 3.74 3.86

2030 4.21 4.57 4.45 4.44 4.40 4.30 4.04 4.17 4.45 4.25 3.90 3.76 3.88

2040 4.23 4.60 4.47 4.46 4.42 4.32 4.06 4.19 4.47 4.28 3.92 3.79 3.91

2050 4.26 4.63 4.50 4.48 4.44 4.35 4.08 4.21 4.49 4.30 3.95 3.82 3.93

2060 4.28 4.66 4.53 4.51 4.46 4.38 4.11 4.24 4.51 4.33 3.98 3.85 3.96

Agriculture/Irrigation

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Power

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total

Base 117.31 127.30 125.48 132.09 122.02 117.16 113.04 108.11 111.45 111.04 109.19 111.77 119.53

2015 122.70 133.10 131.31 138.19 127.59 122.54 118.25 113.07 116.57 116.19 114.18 116.88 124.98

2020 133.16 144.50 142.55 150.02 138.45 132.97 128.28 122.64 126.48 126.11 123.91 126.86 135.63

2030 147.94 160.55 158.40 166.65 153.76 147.64 142.48 136.21 140.56 140.09 137.68 140.98 150.77

2040 161.06 174.75 172.56 181.47 167.31 160.62 155.10 148.31 153.11 152.51 149.84 153.45 164.28

2050 176.93 191.93 189.64 199.37 183.67 176.28 170.33 162.92 168.31 167.55 164.56 168.55 180.60

2060 194.20 210.64 208.24 218.86 201.50 193.34 186.91 178.83 184.86 183.92 180.60 184.98 198.35

Year

Annual 

Average

Month



Projected Flow by Month (mgd) (Alternative 3)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

WITHDRAWALS

Base 191.00 139.80 139.80 147.01 168.53 205.55 263.93 289.46 268.21 217.82 171.76 144.30 135.14

2015 203.16 151.82 150.79 158.17 180.69 218.21 276.89 300.83 280.38 231.11 185.45 156.63 146.28

2020 223.46 171.07 170.08 177.47 200.35 238.78 298.80 322.78 302.58 252.66 205.82 175.71 164.68

2030 239.70 185.45 184.19 191.75 215.79 256.00 317.47 341.47 321.15 270.50 222.47 190.62 178.74

2040 256.86 200.99 199.39 207.09 232.18 274.22 336.83 360.71 340.20 289.13 239.99 206.74 193.94

2050 343.93 291.72 286.54 287.84 312.25 356.89 429.52 457.43 436.74 378.68 324.10 287.69 276.79

2060 360.26 306.66 301.12 302.58 327.84 373.96 447.90 475.84 455.13 396.38 340.76 302.80 291.12

RETURNS

Base 117.31 127.30 125.48 132.09 122.02 117.16 113.04 108.11 111.45 111.04 109.19 111.77 119.53

2015 122.70 133.10 131.31 138.19 127.59 122.54 118.25 113.07 116.57 116.19 114.18 116.88 124.98

2020 133.16 144.50 142.55 150.02 138.45 132.97 128.28 122.64 126.48 126.11 123.91 126.86 135.63

2030 147.94 160.55 158.40 166.65 153.76 147.64 142.48 136.21 140.56 140.09 137.68 140.98 150.77

2040 161.06 174.75 172.56 181.47 167.31 160.62 155.10 148.31 153.11 152.51 149.84 153.45 164.28

2050 176.93 191.93 189.64 199.37 183.67 176.28 170.33 162.92 168.31 167.55 164.56 168.55 180.60

2060 194.20 210.64 208.24 218.86 201.50 193.34 186.91 178.83 184.86 183.92 180.60 184.98 198.35

NET WITHDRAWAL

Base 73.68 12.50 14.32 14.92 46.51 88.39 150.89 181.35 156.76 106.79 62.57 32.53 15.62

2015 80.46 18.72 19.48 19.98 53.10 95.68 158.64 187.76 163.82 114.92 71.27 39.75 21.30

2020 90.30 26.58 27.53 27.44 61.90 105.81 170.52 200.15 176.10 126.55 81.91 48.85 29.05

2030 91.76 24.89 25.79 25.10 62.03 108.36 174.99 205.25 180.59 130.41 84.80 49.64 27.97

2040 95.79 26.24 26.83 25.62 64.86 113.60 181.73 212.40 187.09 136.62 90.16 53.29 29.67

2050 167.00 99.80 96.90 88.46 128.57 180.62 259.19 294.51 268.43 211.13 159.54 119.15 96.19

2060 166.06 96.02 92.88 83.73 126.34 180.62 260.99 297.01 270.27 212.46 160.16 117.82 92.76

Year

Annual 

Average

Month



Projected Flow by Subbasin (mgd) (Alternative 3)

Subbasins

Year Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM OF 

BLEWETT FALLS LAKE (NC)

WITHDRAWALS

Base 191.00 2.71 110.39 4.12 3.26 0.02 9.85 49.49 11.16

2015 203.16 2.71 116.16 5.65 5.68 0.02 11.26 50.49 11.20

2020 223.46 9.53 118.73 6.47 7.46 0.52 14.60 53.88 12.26

2030 239.70 9.71 126.05 6.67 8.08 0.52 15.77 60.53 12.39

2040 256.86 9.88 130.26 8.11 10.73 0.52 16.60 68.23 12.52

2050 343.93 10.07 137.82 8.26 11.52 0.52 50.26 112.84 12.65

2060 360.26 10.25 143.77 8.40 12.12 0.52 51.41 121.01 12.78

RETURNS

Base 117.31 0.21 66.70 0.55 0.16 0.00 0.29 43.62 5.78

2015 122.70 0.21 69.47 0.65 0.16 0.00 0.29 46.09 5.82

2020 133.16 0.21 74.88 0.68 0.16 0.00 0.30 51.04 5.89

2030 147.94 0.21 81.42 0.70 0.16 0.00 0.31 59.11 6.03

2040 161.06 0.21 85.37 0.80 0.16 0.00 0.32 68.02 6.18

2050 176.93 0.21 90.10 0.82 0.16 0.00 0.33 78.97 6.33

2060 194.20 0.21 95.63 0.84 0.16 0.00 0.35 90.53 6.48

NET WITHDRAWALS

Base 73.68 2.49 43.69 3.56 3.10 0.02 9.56 5.87 5.38

2015 80.46 2.49 46.70 4.99 5.51 0.02 10.96 4.40 5.38

2020 90.30 9.32 43.85 5.79 7.30 0.52 14.30 2.85 6.37

2030 91.76 9.49 44.63 5.97 7.91 0.52 15.46 1.42 6.36

2040 95.79 9.67 44.89 7.31 10.57 0.52 16.28 0.21 6.34

2050 167.00 9.85 47.73 7.44 11.36 0.52 49.92 33.87 6.32

2060 166.06 10.04 48.14 7.56 11.96 0.52 51.07 30.48 6.30
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Projected Withdrawals by Subbasin (mgd) (Alternative 3)

Subbasin Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR 2.71 2.71 9.53 9.71 9.88 10.07 10.25

HIGH ROCK LAKE 110.39 116.16 118.73 126.05 130.26 137.82 143.77

TUCKERTOWN RESERVOIR 4.12 5.65 6.47 6.67 8.11 8.26 8.40

NARROWS RESERVOIR (BADIN LAKE) 3.26 5.68 7.46 8.08 10.73 11.52 12.12

FALLS RESERVOIR 0.02 0.02 0.52 0.52 0.52 0.52 0.52

LAKE TILLERY 9.85 11.26 14.60 15.77 16.60 50.26 51.41

BLEWETT FALLS LAKE 49.49 50.49 53.88 60.53 68.23 112.84 121.01

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) 11.16 11.20 12.26 12.39 12.52 12.65 12.78

Total 191.00 203.16 223.46 239.70 256.86 343.93 360.26

Projected Returns by Subbasin (mgd) (Alternative 3)

Subbasin Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR 0.21 0.21 0.21 0.21 0.21 0.21 0.21

HIGH ROCK LAKE 66.70 69.47 74.88 81.42 85.37 90.10 95.63

TUCKERTOWN RESERVOIR 0.55 0.65 0.68 0.70 0.80 0.82 0.84

NARROWS RESERVOIR (BADIN LAKE) 0.16 0.16 0.16 0.16 0.16 0.16 0.16

FALLS RESERVOIR 0.00 0.00 0.00 0.00 0.00 0.00 0.00

LAKE TILLERY 0.29 0.29 0.30 0.31 0.32 0.33 0.35

BLEWETT FALLS LAKE 43.62 46.09 51.04 59.11 68.02 78.97 90.53

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) 5.78 5.82 5.89 6.03 6.18 6.33 6.48

Total 117.31 122.70 133.16 147.94 161.06 176.93 194.20

Projected Net Withdrawals by Subbasin (mgd) (Alternative 3)

Subbasin Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR 2.49 2.49 9.32 9.49 9.67 9.85 10.04

HIGH ROCK LAKE 43.69 46.70 43.85 44.63 44.89 47.73 48.14

TUCKERTOWN RESERVOIR 3.56 4.99 5.79 5.97 7.31 7.44 7.56

NARROWS RESERVOIR (BADIN LAKE) 3.10 5.51 7.30 7.91 10.57 11.36 11.96

FALLS RESERVOIR 0.02 0.02 0.52 0.52 0.52 0.52 0.52

LAKE TILLERY 9.56 10.96 14.30 15.46 16.28 49.92 51.07

BLEWETT FALLS LAKE 5.87 4.40 2.85 1.42 0.21 33.87 30.48

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) 5.38 5.38 6.37 6.36 6.34 6.32 6.30

Total 73.68 80.46 90.30 91.76 95.79 167.00 166.06



Projected Net Withdrawals by Subbasin (mgd) (Alternative 3)

Subbasin

Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM 

OF BLEWETT 

FALLS LAKE (NC)

Public Water/Wastewater Utilities

Base 20.23 0.00 20.19 3.07 3.03 0.00 6.76 ‐12.19 ‐0.63

2015 22.96 0.00 20.96 4.50 5.44 0.00 8.16 ‐15.47 ‐0.63

2020 24.82 6.83 14.63 4.80 6.73 0.00 10.50 ‐18.03 ‐0.64

2030 26.30 7.00 15.44 4.98 7.34 0.00 11.65 ‐19.46 ‐0.66

2040 30.35 7.18 15.72 6.31 10.00 0.00 12.48 ‐20.66 ‐0.68

2050 34.77 7.36 16.09 6.44 10.79 0.00 13.96 ‐19.17 ‐0.69

2060 33.86 7.55 16.53 6.56 11.38 0.00 15.10 ‐22.56 ‐0.71

Industrial

Base 5.84 ‐0.02 ‐0.36 0.00 ‐0.16 0.00 0.00 2.35 4.03

2015 5.83 ‐0.02 ‐0.36 0.00 ‐0.16 0.00 0.00 2.35 4.03

2020 11.32 ‐0.02 0.63 0.50 0.34 0.50 1.00 3.35 5.03

2030 11.30 ‐0.02 0.61 0.50 0.34 0.50 1.00 3.35 5.03

2040 11.28 ‐0.02 0.58 0.50 0.34 0.50 1.00 3.35 5.03

2050 11.25 ‐0.02 0.56 0.50 0.34 0.50 1.00 3.35 5.03

2060 11.23 ‐0.02 0.53 0.50 0.34 0.50 1.00 3.35 5.03

Agriculture/Irrigation

Base 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2015 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2020 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2030 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2040 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2050 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2060 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

Power

Base 4.44 0.00 0.25 0.00 0.00 0.00 0.00 4.18 0.00

2015 8.49 0.00 2.49 0.00 0.00 0.00 0.00 6.00 0.00

2020 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2030 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2040 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2050 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

2060 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

Total

Base 73.68 2.49 43.69 3.56 3.10 0.02 9.56 5.87 5.38

2015 80.46 2.49 46.70 4.99 5.51 0.02 10.96 4.40 5.38

2020 90.30 9.32 43.85 5.79 7.30 0.52 14.30 2.85 6.37

2030 91.76 9.49 44.63 5.97 7.91 0.52 15.46 1.42 6.36

2040 95.79 9.67 44.89 7.31 10.57 0.52 16.28 0.21 6.34

2050 167.00 9.85 47.73 7.44 11.36 0.52 49.92 33.87 6.32

2060 166.06 10.04 48.14 7.56 11.96 0.52 51.07 30.48 6.30

Year



Projected Withdrawals by Subbasin (mgd) (Alternative 3)

Subbasin

Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM 

OF BLEWETT 

FALLS LAKE (NC)

Public Water/Wastewater Utilities

Base 133.37 0.00 83.77 3.62 3.03 0.00 7.05 31.01 4.89

2015 141.48 0.00 87.30 5.15 5.44 0.00 8.45 30.20 4.93

2020 153.79 6.83 86.38 5.48 6.73 0.00 10.79 32.59 4.99

2030 170.03 7.00 93.69 5.68 7.34 0.00 11.96 39.23 5.12

2040 187.19 7.18 97.91 7.12 10.00 0.00 12.80 46.94 5.25

2050 207.44 7.36 102.98 7.26 10.79 0.00 14.29 59.39 5.38

2060 223.77 7.55 108.92 7.40 11.38 0.00 15.44 67.56 5.52

Industrial

Base 10.01 0.19 2.77 0.00 0.00 0.00 0.00 2.77 4.28

2015 10.01 0.19 2.77 0.00 0.00 0.00 0.00 2.77 4.28

2020 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2030 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2040 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2050 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2060 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

Agriculture/Irrigation

Base 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2015 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2020 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2030 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2040 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2050 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2060 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

Power

Base 4.44 0.00 0.25 0.00 0.00 0.00 0.00 4.18 0.00

2015 8.49 0.00 2.49 0.00 0.00 0.00 0.00 6.00 0.00

2020 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2030 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2040 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2050 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

2060 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

Total

Base 191.00 2.71 110.39 4.12 3.26 0.02 9.85 49.49 11.16

2015 203.16 2.71 116.16 5.65 5.68 0.02 11.26 50.49 11.20

2020 223.46 9.53 118.73 6.47 7.46 0.52 14.60 53.88 12.26

2030 239.70 9.71 126.05 6.67 8.08 0.52 15.77 60.53 12.39

2040 256.86 9.88 130.26 8.11 10.73 0.52 16.60 68.23 12.52

2050 343.93 10.07 137.82 8.26 11.52 0.52 50.26 112.84 12.65

2060 360.26 10.25 143.77 8.40 12.12 0.52 51.41 121.01 12.78

Year



Projected Returns by Subbasin (mgd) (Alternative 3)

Subbasin

Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM 

OF BLEWETT 

FALLS LAKE (NC)

Public Water/Wastewater Utilities

Base 113.14 0.00 63.58 0.55 0.00 0.00 0.29 43.20 5.52

2015 118.52 0.00 66.34 0.65 0.00 0.00 0.29 45.67 5.57

2020 128.98 0.00 71.74 0.68 0.00 0.00 0.30 50.62 5.64

2030 143.73 0.00 78.26 0.70 0.00 0.00 0.31 58.69 5.78

2040 156.83 0.00 82.19 0.80 0.00 0.00 0.32 67.60 5.92

2050 172.67 0.00 86.89 0.82 0.00 0.00 0.33 78.56 6.07

2060 189.91 0.00 92.39 0.84 0.00 0.00 0.35 90.11 6.23

Industrial

Base 4.17 0.21 3.13 0.00 0.16 0.00 0.00 0.42 0.25

2015 4.18 0.21 3.13 0.00 0.16 0.00 0.00 0.42 0.25

2020 4.19 0.21 3.14 0.00 0.16 0.00 0.00 0.42 0.25

2030 4.21 0.21 3.16 0.00 0.16 0.00 0.00 0.42 0.25

2040 4.23 0.21 3.18 0.00 0.16 0.00 0.00 0.42 0.25

2050 4.26 0.21 3.21 0.00 0.16 0.00 0.00 0.42 0.25

2060 4.28 0.21 3.24 0.00 0.16 0.00 0.00 0.42 0.25

Agriculture/Irrigation

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Power

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total

Base 117.31 0.21 66.70 0.55 0.16 0.00 0.29 43.62 5.78

2015 122.70 0.21 69.47 0.65 0.16 0.00 0.29 46.09 5.82

2020 133.16 0.21 74.88 0.68 0.16 0.00 0.30 51.04 5.89

2030 147.94 0.21 81.42 0.70 0.16 0.00 0.31 59.11 6.03

2040 161.06 0.21 85.37 0.80 0.16 0.00 0.32 68.02 6.18

2050 176.93 0.21 90.10 0.82 0.16 0.00 0.33 78.97 6.33

2060 194.20 0.21 95.63 0.84 0.16 0.00 0.35 90.53 6.48

Year



Base Year 2060

Industrial

Withdrawals 2010‐2012 Average 10.0 15.5 0.92
Returns 2010‐2012 Average 4.2 4.3 0.06
Net Withdrawals 2010‐2012 Average 5.8 11.2 1.37

Public Water/ Wastewater

Withdrawals 2010‐2012 Average 133.4 223.8 1.08
Returns 2010‐2012 Average 113.1 189.9 1.08
Net Withdrawals 2010‐2012 Average 20.2 33.9 1.08

Agriculture/Irrigation

Withdrawals 2010‐2012 Average 43.2 43.2 0.00
Returns 2010‐2012 Average 0.0 0.0 n/a
Net Withdrawals 2010‐2012 Average 43.2 43.2 0.00

Subtotal (Excluding Power)‐ Net Withdrawals 2010‐2012 Average 69.2 88.3 0.51
Public Water Supply/Wastewater and Industrial 26.1 45.1

Power

Net Withdrawals 2010‐2012 Average 4.4 77.8 6.15
Returns 2010‐2012 Average 0.0 0.0 n/a
Net Withdrawals 2010‐2012 Average 4.4 77.8 6.15

Total Basin‐ Net Withdrawals 2010‐2012 Average 73.7 166.1 1.71

Yadkin River Water Supply Study 

Net Withdrawal Projection and Comparison with Historical and Forecasted Populations

(Alternative 4)

Flow

Water User Category Base Year AGR
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Population Projections Years Start Year End Year AGR

United States 2010‐2030 308,745,538 369,662,000 0.90

2030‐2050 369,662,000 420,268,000 0.64

2040‐2050 389,934,000 420,268,000 0.75

2010‐2050 308,745,538 420,268,000 0.77

South Carolina1, 3 2010‐2035 4,625,364 5,722,720 0.86

    Yadkin River Basin 2010‐2035 75,667 74,220 ‐0.08

Chesterfield 2010‐2035 46,734 49,140 0.20

Marlboro 2010‐2035 28,933 25,080 ‐0.57

Virginia4 2010‐2040 8,001,024 10,530,228 0.69

    Yadkin River Basin 2010‐2040 64,065 64,609 0.02

Carroll 2010‐2040 30,042 31,187 0.09

Grayson 2010‐2040 15,533 14,520 ‐0.17

Patrick 2010‐2040 18,490 18,902 0.06

North Carolina2, 3 2010‐2030 9,535,483 11,576,088 0.97

    Yadkin River Basin 2010‐2030 3,418,431 4,219,846 1.06

Alexander 2010‐2030 37,198 37,276 0.01

Alleghany 2010‐2030 11,155 11,137 ‐0.01

Anson 2010‐2030 26,948 26,425 ‐0.10

Ashe 2010‐2030 27,281 27,649 0.07

Cabarrus 2010‐2030 178,011 237,929 1.46

Caldwell 2010‐2030 83,029 81,667 ‐0.08

Davidson 2010‐2031 162,878 169,749 0.21

Davie 2010‐2030 41,240 43,626 0.28

Forsyth 2010‐2030 350,670 393,805 0.58

Guilford 2010‐2030 488,406 601,279 1.04

Iredell 2010‐2030 159,437 199,982 1.14

Mecklenburg 2010‐2030 919,628 1,360,364 1.98

Montgomery 2010‐2030 27,798 27,489 ‐0.06

Randolph 2010‐2030 141,752 143,669 0.07

Richmond 2010‐2030 46,639 45,593 ‐0.11

Rowan 2010‐2030 138,428 146,442 0.28

Scotland 2010‐2030 36,157 33,904 ‐0.32

Stanly 2010‐2030 60,585 64,565 0.32

Stokes 2010‐2030 47,401 43,614 ‐0.42

Surry 2010‐2030 73,673 73,367 ‐0.02

Union 2010‐2030 201,292 285,500 1.76

Watauga 2010‐2030 51,079 57,214 0.57

Wilkes 2010‐2030 69,340 70,511 0.08

Yadkin 2010‐2030 38,406 37,090 ‐0.17
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Historical Data Years Start Year End Year AGR

US Population History3 1970‐2010 203,302,031 308,745,538 1.05

South Carolina Historical Population3 1970‐2010 2,590,516 4,625,364 1.46

    Yadkin River Basin 1970‐2010 60,818 75,667 0.55

Chesterfield 1970‐2010 33,667 46,734 0.82

Marlboro 1970‐2010 27,151 28,933 0.16

Virginia Historical Population4 1970‐2010 4,648,494 8,001,024 1.37

    Yadkin River Basin 1970‐2010 53,813 64,065 0.44

Carroll 1970‐2010 23,092 30,042 0.66

Grayson 1970‐2010 15,439 15,533 0.02

Patrick 1970‐2010 15,282 18,490 0.48

North Carolina Historical Population3 1970‐2010 5,082,059 9,535,483 1.59

    Yadkin River Basin 1970‐2010 1,768,998 3,418,431 1.66

Alexander 1970‐2010 19,466 37,198 1.63

Alleghany 1970‐2010 8,134 11,155 0.79

Anson 1970‐2010 23,488 26,948 0.34

Ashe 1970‐2010 19,571 27,281 0.83

Cabarrus 1970‐2010 74,629 178,011 2.20

Caldwell 1970‐2010 56,699 83,029 0.96

Davidson 1970‐2010 95,627 162,878 1.34

Davie 1970‐2010 18,855 41,240 1.98

Forsyth 1970‐2010 214,348 350,670 1.24

Guilford 1970‐2010 288,590 488,406 1.32

Iredell 1970‐2010 72,197 159,437 2.00

Mecklenburg 1970‐2010 354,656 919,628 2.41

Montgomery 1970‐2010 19,267 27,798 0.92

Randolph 1970‐2010 76,358 141,752 1.56

Richmond 1970‐2010 39,889 46,639 0.39

Rowan 1970‐2010 90,035 138,428 1.08

Scotland 1970‐2011 26,929 36,157 0.74

Stanly 1970‐2012 42,822 60,585 0.87

Stokes 1970‐2013 23,782 47,401 1.74

Surry 1970‐2014 51,415 73,673 0.90

Union 1970‐2015 54,714 201,292 3.31

Watauga 1970‐2016 23,404 51,079 1.97

Wilkes 1970‐2017 49,524 69,340 0.84

Yadkin 1970‐2010 24,599 38,406 1.12

Sources

4.  Virginia data retrieved online on June 26, 2014 (http://usatoday30.usatoday.com/news/nation/census/profile/VA)
3.  U.S. Census Bereau
2. North Carolina State Office of Budget and Management
1. South Carolina Office of Research and Statistics Health & Demographics webpage
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Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 4)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR

Withdrawals
WWAI‐1 Agriculture/Irrigation‐‐‐‐W. Kerr Scott Reservoir A/I (CGL) n/a 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
NWW‐08a Blue Ridge Tissue Corp‐‐‐‐Patterson Mill IND In‐take Pump ND ND ND 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NWW‐00 New Future Industry‐‐‐‐W. Kerr Scott Reservoir IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NWH‐89 Wilkes County‐‐‐‐Wilkes County WTP (Future) PW/WU n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.8 7.0 7.2 7.4 7.5

Withdrawal Subtotal 2.5 2.5 2.5 2.6 2.6 2.7 2.7 2.7 2.7 2.7 9.5 9.7 9.9 10.1 10.3

Returns
NRW‐08b Blue Ridge Tissue Corp‐‐‐‐Patterson Mill (return) IND Subbasin 03‐07‐01 0.1 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Return Subtotal 0.1 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

W. KERR SCOTT RESERVOIR TOTAL NET WITHDRAWALS 2.4 2.3 2.3 2.5 2.5 2.5 2.5 2.5 2.5 2.5 9.3 9.5 9.7 9.9 10.0



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 4)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

HIGH ROCK LAKE

Withdrawals
HWAI‐2 Agriculture/Irrigation‐‐‐‐High Rock Lake A/I (CGL) n/a 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6
NWH‐40a Louisiana Pacific Corporation‐‐‐‐Lousiana Pacific Corporation IND Yadkin River ND ND 1.4 1.5 1.2 2.1 2.4 2.1 2.2 2.2 2.2 2.2 2.2 2.2 2.2
NWH‐46b Performance Fibers, Inc‐‐‐‐Salisbury Facility IND Second Creek ND ND ND 0.7 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NWH‐74a True Textiles, Inc‐‐‐‐True Elkin, Inc. IND Big Elkin Creek ND ND 1.0 0.8 0.4 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NWH‐00 New Future Industry‐‐‐‐High Rock Lake IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0
NWH‐18a City of King‐‐‐‐City of King WTP PW/WU Yadkin River 1.6 1.7 2.3 1.9 1.7 1.7 1.6 1.7 1.7 1.7 1.7 1.7 1.8 1.8 1.9

NWH‐19c City of Lexington‐‐‐‐Lexington WTP (Lake Thom‐A‐Lex Intake) PW/WU
Abbotts Creek (Reservoir: Lake 
Thom‐A‐Lex)

3.9 3.3 3.2 2.9 2.7 2.7 2.8 2.6 2.7 2.8 3.0 3.1 3.2 3.4 3.5

NWH‐21a City of Mount Airy‐‐‐‐F. G. Doggett WTP PW/WU Stewarts Creek 3.9 2.6 2.2 1.6 1.6 1.7 1.8 2.6 2.0 2.0 2.0 2.1 2.2 2.2 2.3
NWH‐21c City of Mount Airy‐‐‐‐S. L. Spencer WTP PW/WU Lovills Creek 1.1 0.8 0.6 0.5 0.5 0.5 0.5 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.7
NWH‐22a City of Salisbury‐‐‐‐Salisbury WTP PW/WU Yadkin/South Yadkin 8.0 6.2 7.7 7.4 7.8 8.2 8.4 8.7 8.5 8.7 9.0 9.7 10.4 11.2 12.1
NWH‐23a City of Statesville‐‐‐‐City of Statesville WTP (S. Yadkin River intake) PW/WU South Yadkin River 5.2 3.9 4.1 3.4 3.1 3.3 3.2 3.1 3.2 3.9 5.0 5.4 5.8 6.3 6.8

NWH‐24a City of Thomasville‐‐‐‐City of Thomasville WTP PW/WU
Abbots Creek (Reservoir: Lake 
Thom‐A‐Lex)

3.2 2.6 3.0 ND 2.5 2.7 2.4 2.5 2.5 2.6 2.6 2.7 2.9 2.9 3.0

NWH‐25e City of Winston‐Salem‐‐‐‐P. W. Swann WTP PW/WU
Yadkin River @ Swann RWPS 
(Reservoir: W. Kerr Scott)

13.1 13.6 12.1 11.4 11.0 11.2 11.3 11.1 11.2 11.9 13.0 14.6 15.3 16.1 17.2

NWH‐25f City of Winston‐Salem‐‐‐‐R. W. Neilson WTP / R. A. Thomas WTP PW/WU
Yadkin River @ Idols RWPS 
(Reservoir: W. Kerr‐Scott)

31.5 32.7 29.0 27.4 26.4 26.8 27.1 26.7 26.9 28.5 31.3 35.1 36.6 38.7 41.3

NWH‐27a Davidson Water Inc‐‐‐‐C. O. Pickle WP PW/WU Yadkin River 9.2 10.1 11.8 11.3 10.8 11.3 10.2 9.9 10.5 10.6 10.7 11.0 11.2 11.5 11.8
NWH‐28a Davie County‐‐‐‐Cooleemee WTP PW/WU S. Yadkin 0.9 1.1 1.2 1.0 1.2 1.1 1.1 1.2 1.1 1.1 1.1 1.2 1.2 1.3 1.3
NWH‐28b Davie County‐‐‐‐Sparks Road WTP PW/WU Yadkin 1.2 1.6 1.7 1.4 1.6 1.5 1.6 1.6 1.6 1.6 1.6 1.7 1.7 1.8 1.8
NWH‐63 Town of Elkin‐‐‐‐Elkin Municipal WTP PW/WU Elkin Creek (Reservoir: Elkin) 1.4 1.1 0.9 0.9 0.8 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.8 0.8 0.8
NWH‐64 Town of Jonesville‐‐‐‐Jonesville WP PW/WU Yadkin River 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NWH‐65a Town of Mocksville‐‐‐‐Hugh A. Lagle WTP PW/WU Hunting Creek 0.8 0.8 0.9 ND ND 0.9 0.8 ND 0.9 0.9 0.9 0.9 0.9 1.0 1.0
NWH‐68a Town of North Wilkesboro‐‐‐‐North Wilkesboro WP PW/WU Reddies River 2.9 2.7 3.0 2.6 2.4 2.5 2.6 2.7 2.6 2.6 0.0 0.0 0.0 0.0 0.0
NWH‐70a Town of Pilot Mountain‐‐‐‐Pilot Mountain WTP PW/WU Toms Creek 0.9 0.4 0.3 0.2 0.2 0.2 0.3 0.3 0.2 0.3 0.3 0.3 0.3 0.3 0.3
NWH‐72b Town of Wilkesboro‐‐‐‐Wilkesboro WFP PW/WU Yadkin River 3.8 4.6 4.5 4.4 4.3 4.2 4.0 4.1 4.1 4.1 0.0 0.0 0.0 0.0 0.0

NWH‐73a Town of Yadkinville‐‐‐‐Yadkinville WTP PW/WU
South Deep Creek (Reservoir: 
Town of  Yadkinville)

1.0 0.9 0.9 0.9 0.7 0.9 0.9 0.8 0.8 0.8 0.9 0.9 0.9 0.9 0.9

NWH‐87 Energy United Water‐‐‐‐Energy United Water WTP PW/WU South Yadkin River 0.8 1.5 1.4 1.8 1.6 1.6 1.7 1.7 1.7 1.7 1.7 1.7 1.8 1.8 1.9
NNH‐30a Duke Energy Carolinas, LLC‐‐‐‐Buck Steam Station TEP Yadkin River/High Rock Lake 1.8 1.8 2.0 1.5 0.5 1.2 0.7 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NNH‐30b Duke Energy Carolinas, LLC‐‐‐‐Buck Combined Cycle Station TEP Yadkin River/High Rock Lake 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ND 0.3 2.5 2.5 2.5 2.5 2.5 2.5

NNH‐30d Duke Energy Carolinas, LLC‐‐‐‐Additional Combined Cycle Station #1 TEP
Yadkin River/High Rock Lake 
(upstream tributary)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 2.5 2.5 2.5 2.5

NNH‐30e Duke Energy Carolinas, LLC‐‐‐‐Additional Combined Cycle Station #2 TEP Yadkin River/High Rock Lake 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 2.5

Withdrawal Subtotal 120.1 118.1 119.3 109.5 107.4 111.8 110.5 109.4 110.4 116.2 118.7 126.0 130.3 137.8 143.8

Returns
NRH‐01 Allegheny Technologies, Inc‐‐‐‐ATI Allvac Monroe Plant IND Subbasin 03‐07‐14 0.2 0.1 0.1 0.2 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐40b Louisiana Pacific Corporation‐‐‐‐LP Roaring River WWTP IND Subbasin 03‐07‐01 0.9 0.9 1.2 1.4 1.3 1.4 1.2 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3

NRH‐45
P P G Industries Fiber Glass Products, Inc‐‐‐‐PPG Industries Fiber Glass 
Products

IND Subbasin 03‐07‐04 0.4 0.3 0.4 0.4 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

NRH‐46a Performance Fibers, Inc‐‐‐‐Salisbury Facility IND Subbasin 03‐07‐06 1.6 1.0 0.4 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NRH‐74b True Textiles, Inc‐‐‐‐304 East Main Street Plant IND Subbasin 03‐07‐02 1.6 0.7 0.9 0.5 0.3 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐75 Tyson Foods, Inc‐‐‐‐Harmony Plant IND Subbasin 03‐07‐06 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.3
NRH‐78 Wayne Farms LLC Bruckie Ashburn‐‐‐‐Dobson Plant IND Subbasin 03‐07‐02 0.5 0.6 0.4 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NRH‐85 Norfolk Southern Railway Company‐‐‐‐Linwood Yard IND Subbasin 03‐07‐04 0.1 0.1 0.2 0.2 0.2 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRH‐16 City of High Point‐‐‐‐Westside WWTP PW/WU Subbasin 03‐07‐07 3.4 4.0 3.7 3.6 3.6 3.5 4.1 2.8 3.5 3.6 3.7 4.1 4.5 4.9 5.3
NRH‐18b City of King‐‐‐‐City of King WTP PW/WU Subbasin 03‐07‐02 ND ND ND ND ND 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐19a City of Lexington‐‐‐‐Lexington Regional WWTP PW/WU Subbasin 03‐07‐07 3.5 3.1 2.5 2.3 3.0 3.2 2.9 2.6 2.9 3.0 3.2 3.3 3.4 3.6 3.7
NRH‐19b City of Lexington‐‐‐‐Lexington WTP #1 & 2 PW/WU Subbasin 03‐07‐07 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.5 0.5 0.5 0.5 0.6 0.6 0.6
NRH‐21b City of Mount Airy‐‐‐‐Mount Airy WWTP PW/WU Subbasin 03‐07‐03 5.0 3.2 2.0 1.5 1.6 2.1 2.1 1.7 2.0 2.0 2.0 2.1 2.1 2.2 2.2
NRH‐22b City of Salisbury‐‐‐‐Salisbury‐Rowan WWTP PW/WU Subbasin 03‐07‐04 4.5 6.8 7.3 7.2 7.8 7.7 7.1 6.3 7.0 7.2 7.5 8.0 8.7 9.3 10.1
NRH‐23b City of Statesville‐‐‐‐Fourth Creek WWTP PW/WU Subbasin 03‐07‐06 3.0 2.6 3.0 3.0 3.2 3.2 2.5 2.1 2.6 3.1 4.0 4.4 4.7 5.1 5.6
NRH‐23c City of Statesville‐‐‐‐Third Creek WWTP PW/WU Subbasin 03‐07‐06 2.0 1.3 1.4 1.2 1.3 1.5 0.9 0.8 1.1 1.4 1.7 1.9 2.0 2.2 2.4
NRH‐24b City of Thomasville‐‐‐‐Hamby Creek WWTP PW/WU Subbasin 03‐07‐07 3.0 2.7 2.7 2.5 2.4 2.5 2.2 2.1 2.3 2.3 2.3 2.4 2.6 2.6 2.7
NRH‐25a City of Winston‐Salem‐‐‐‐Archie Elledge WWTP PW/WU Subbasin 03‐07‐04 21.1 18.4 18.0 17.0 17.6 17.6 15.7 14.8 16.0 17.4 19.0 21.4 22.3 23.6 25.1
NRH‐25b City of Winston‐Salem‐‐‐‐Muddy Creek WWTP PW/WU Subbasin 03‐07‐04 13.1 14.6 15.5 14.4 14.9 15.9 15.1 15.3 15.5 15.5 17.0 19.0 19.9 21.0 22.4
NRH‐25c City of Winston‐Salem‐‐‐‐P. W. Swann WTP PW/WU Subbasin 03‐07‐02 ND ND 0.4 0.4 0.4 0.5 0.4 0.4 0.4 0.5 0.5 0.6 0.6 0.6 0.7
NRH‐25d City of Winston‐Salem‐‐‐‐R. A. Thomas WTP PW/WU Subbasin 03‐07‐04 0.8 0.8 0.7 0.6 ND ND 1.5 0.3 0.9 0.9 1.0 1.2 1.2 1.3 1.4
NRH‐27b Davidson Water Inc‐‐‐‐Davidson Water WTP PW/WU Subbasin 03‐07‐04 0.2 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NRH‐28c Davie County‐‐‐‐Sparks Road WTP PW/WU Subbasin 03‐07‐02 ND ND 0.1 0.1 0.2 0.2 1.1 1.5 0.9 0.9 0.9 1.0 1.0 1.0 1.0
NRH‐28d Davie County‐‐‐‐Cooleemee WWTP PW/WU Subbasin 03‐07‐06 0.9 0.6 0.4 0.5 0.5 0.6 0.5 0.5 0.6 0.6 0.6 0.6 0.6 0.6 0.7
NRH‐58 Town of Bermuda Run‐‐‐‐Bermuda Run WWTP PW/WU Subbasin 03‐07‐02 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐60 Town of Boonville‐‐‐‐Boonville WWTP PW/WU Subbasin 03‐07‐02 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐62 Town of Dobson‐‐‐‐Dobson WWTP PW/WU Subbasin 03‐07‐02 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRH‐65b Town of Mocksville‐‐‐‐Bear Creek WWTP PW/WU Subbasin 03‐07‐06 0.2 0.2 0.2 0.2 ND ND ND ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NRH‐65c Town of Mocksville‐‐‐‐Dutchman Creek WWTP PW/WU Subbasin 03‐07‐05 0.4 0.5 0.5 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.5 0.5
NRH‐68b Town of North Wilkesboro‐‐‐‐Thurman Street WWTP PW/WU Subbasin 03‐07‐01 0.9 0.8 0.7 0.6 0.8 0.7 0.8 0.9 0.8 0.8 0.8 0.8 0.9 0.9 0.9
NRH‐70b Town of Pilot Mountain‐‐‐‐Pilot Mountain WTP PW/WU Subbasin 03‐07‐03 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 4)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

NRH‐70c Town of Pilot Mountain‐‐‐‐Pilot Mountain WWTP PW/WU Subbasin 03‐07‐03 0.8 0.4 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRH‐72a Town of Wilkesboro‐‐‐‐Cub Creek WWTP PW/WU Subbasin 03‐07‐01 3.2 3.4 3.1 2.7 3.1 3.5 3.6 3.7 3.6 3.6 3.7 3.7 3.8 3.9 4.0
NRH‐73b Town of Yadkinville‐‐‐‐Yadkinville WWTP PW/WU Subbasin 03‐07‐02 0.7 0.6 0.7 0.7 0.7 0.8 0.8 0.7 0.8 0.8 0.8 0.8 0.8 0.8 0.8

NRH‐81
Yadkin Valley Sewer Authority, Inc‐‐‐‐Yadkin Valley Sewer Authority 
WWTP

PW/WU Subbasin 03‐07‐02 0.9 0.7 0.5 0.6 0.6 0.5 0.7 0.7 0.6 0.6 0.6 0.6 0.6 0.7 0.7

NRH‐86 Town of Cleveland‐‐‐‐Cleveland WWTP PW/WU Subbasin 03‐07‐06 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Return Subtotal 73.8 70.1 68.8 64.7 66.9 69.1 67.1 62.4 66.7 69.5 74.9 81.4 85.4 90.1 95.6

HIGH ROCK LAKE TOTAL NET WITHDRAWALS 46.3 47.9 50.6 44.8 40.6 42.7 43.4 47.0 43.7 46.7 43.8 44.6 44.9 47.7 48.1

TUCKERTOWN RESERVOIR

Withdrawals
TWAI‐3 Agriculture/Irrigation‐‐‐‐Tuckertown Reservoir A/I (CGL) n/a 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
NWT‐00 New Future Industry‐‐‐‐Tuckertown Reservoir IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

NWT‐14b City of Albemarle‐‐‐‐Tuckertown WTP PW/WU
Yadkin River (Reservoir: 
Tuckertown)

3.0 3.3 2.4 2.6 2.2 2.4 ND 2.4 2.4 3.9 4.2 4.4 5.8 5.9 6.0

NWT‐61a Town of Denton‐‐‐‐Denton WP PW/WU
Yadkin River (Reservoir: 
Tuckertown Reservoir)

0.9 1.4 1.4 ND 1.3 1.3 1.2 1.2 1.2 1.2 1.3 1.3 1.3 1.3 1.4

Withdrawal Subtotal 4.4 5.2 4.3 3.1 4.0 4.2 1.7 4.1 4.1 5.6 6.5 6.7 8.1 8.3 8.4

Returns
NRT‐14c City of Albemarle‐‐‐‐Tuckertown WTP PW/WU Subbasin 03‐07‐08 0.0 0.0 0.0 0.0 0.0 0.2 0.1 0.1 0.2 0.3 0.3 0.3 0.4 0.4 0.4
NRT‐61b Town of Denton‐‐‐‐Denton WWTP PW/WU Subbasin 03‐07‐08 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.5

Return Subtotal 0.4 0.4 0.4 0.4 0.5 0.6 0.5 0.5 0.6 0.7 0.7 0.7 0.8 0.8 0.8

TUCKERTOWN RESERVOIR TOTAL NET WITHDRAWALS 4.0 4.8 3.9 2.7 3.5 3.6 1.2 3.6 3.6 5.0 5.8 6.0 7.3 7.4 7.6



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 4)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

NARROWS RESERVOIR (BADIN LAKE)

Withdrawals
NWAI‐4 Agriculture/Irrigation‐‐‐‐Narrows Reservoir (Badin Lake) A/I (CGL) n/a 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NWN‐00 New Future Industry‐‐‐‐Narrows Reservoir (Badin Lake) IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

NWN‐14d City of Albemarle‐‐‐‐US 52 HWY WTP PW/WU
Yadkin River at Narrows 
(Reservoir: Narrows (Badin Lake))

3.8 4.2 3.1 3.3 2.8 3.1 ND 3.0 3.0 5.4 6.7 7.3 10.0 10.8 11.4

Withdrawal Subtotal 4.0 4.5 3.3 3.5 3.0 3.3 0.2 3.2 3.3 5.7 7.5 8.1 10.7 11.5 12.1

Returns
NRN‐02 Aluminum Company Of America‐‐‐‐Badin Works IND Subbasin 03‐07‐08 0.6 0.3 0.1 0.3 0.3 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Return Subtotal 0.6 0.3 0.1 0.3 0.3 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

NARROWS RESERVOIR (BADIN LAKE) TOTAL NET WITHDRAWALS 3.5 4.2 3.2 3.3 2.7 3.1 0.1 3.1 3.1 5.5 7.3 7.9 10.6 11.4 12.0

FALLS RESERVOIR

Withdrawals
FWAI‐5 Agriculture/Irrigation‐‐‐‐Falls Reservoir A/I (CGL) n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NWF‐00 New Future Industry‐‐‐‐Falls Reservoir IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

Withdrawal Subtotal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

Returns

None None None ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

None None None ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

None None None ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

Return Subtotal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

FALLS RESERVOIR TOTAL NET WITHDRAWALS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 4)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

LAKE TILLERY

Withdrawals
LWAI‐6 Agriculture/Irrigation‐‐‐‐Lake Tillery A/I (CGL) n/a 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8
NWL‐00 New Future Industry‐‐‐‐Lake Tillery IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0

NWB‐76e
Union County Public Works‐‐‐‐Planned Yadkin River Water Intake 
(Future)

PW/WU n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.1 11.8 16.5 18.8

NWL‐05b Asheboro‐‐‐‐W. L. Brown Jr WTP (Lake Lucas intake) PW/WU Back Creek (Reservoir: Lake Lucas) 1.7 1.8 1.9 1.8 1.5 1.6 1.6 1.6 1.6 2.1 2.9 3.3 3.6 4.1 4.5

NWL‐05c Asheboro‐‐‐‐W. L. Brown Jr WTP (Lake Reese intake) PW/WU Uwharrie (Reservoir: Lake Reese) 3.1 3.3 3.3 3.1 2.7 2.8 2.8 2.8 2.8 3.7 5.1 5.8 6.3 7.2 7.9

NWL‐42 Montgomery County‐‐‐‐Montgomery County WTP PW/WU
LAKE TILLERY (Reservoir: Lake 
Tillery)

2.5 3.1 3.5 3.9 3.0 2.4 2.1 2.2 2.2 2.3 2.3 2.3 2.4 2.5 2.5

NWL‐69a Town of Norwood‐‐‐‐Norwood WTP PW/WU
Yadkin River (Reservoir: Lake 
Tillery)

0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.4 0.4 0.5 0.5 0.5 0.5 0.5 0.5

NNH‐30g Duke Energy Carolinas, LLC‐‐‐‐Additional Nuclear Plant #2 TEP
Yadkin River (Reservoir: Lake 
Tillery)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 32.2 32.2

Withdrawal Subtotal 10.6 11.4 11.9 12.0 10.5 10.0 9.7 9.8 9.9 11.3 14.6 22.8 28.4 66.7 70.2

Returns
NRL‐34 Greater Badin Water & Sewer District‐‐‐‐Badin WWTP PW/WU Subbasin 03‐07‐08 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Return Subtotal 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

LAKE TILLERY TOTAL NET WITHDRAWALS 10.1 10.9 11.7 11.7 10.2 9.7 9.4 9.5 9.6 11.0 14.3 22.5 28.0 66.4 69.9

BLEWETT FALLS LAKE

Withdrawals
BWAI‐7 Agriculture/Irrigation‐‐‐‐Blewett Falls Lake A/I (CGL) n/a 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5

NWB‐35b Hedrick Industries‐‐‐‐Aquadale Quarry (Pump 1 ‐ Fresh Water Pond) IND Pump 1 ‐ Fresh Water Pond ND ND ND 0.4 0.2 0.3 0.4 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4

NWB‐35c Hedrick Industries‐‐‐‐Aquadale Quarry (Pump 2 ‐ Cement Pond) IND Pump 2 ‐ Cement Pond ND ND ND 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NWB‐55 Teledyne Allvac‐‐‐‐Monroe Plant IND Lower Pond ND ND ND ND 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
NWB‐56 The Fork, LLC‐‐‐‐The Fork, LLC IND Rocky River ND ND 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
NWB‐00 New Future Industry‐‐‐‐Blewett Falls Lake IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0

NWB‐03a Anson County‐‐‐‐Anson County Filtration Plant PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

5.5 6.0 6.0 5.4 5.7 6.6 6.8 5.7 4.6 4.6 4.7 4.8 4.9 5.0 5.2

NWB‐03b
Anson County‐‐‐‐Anson County Filtration Plant (treated wholesale to 
UCPW)

PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.8 2.4 2.4 0.0 0.0 0.0 0.0

NWB‐03c Anson County‐‐‐‐Anson County Filtration Plant (raw wholesale to UCPW) PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

NWB‐15a City of Concord‐‐‐‐Coddle Creek WTP PW/WU
Coddle Creek (Reservoir: Lake Don 
T. Howell)

6.8 7.8 9.6 ND 8.0 8.0 8.0 8.0 8.0 7.3 8.3 8.5 9.1 12.2 14.1

NWB‐15d City of Concord‐‐‐‐Hillgrove WTP (Lake Fisher intake) PW/WU
Cold Water Creek (Reservoir: Lake 
Fisher)

2.1 2.4 2.9 ND 2.5 2.5 2.5 2.5 2.5 2.3 2.5 2.6 2.8 3.8 4.3

NWB‐17a City of Kannapolis‐‐‐‐City of Kannapolis WTP PW/WU
Irish Buffalo Creek (Reservoir: 
Kannapolis Lake)

6.5 5.4 7.8 5.4 7.6 3.8 4.9 3.4 4.1 3.2 3.7 3.7 4.0 5.4 6.2

NWB‐17c
City of Kannapolis‐‐‐‐City of Kannapolis WTP (supplemental intake ‐ Lake 
Howell)

PW/WU
Coddle Creek (Reservoir: Lake 
Howell)

0.7 0.6 0.9 0.6 0.9 0.4 0.6 0.4 0.5 0.4 0.4 0.4 0.5 0.6 0.7

NWB‐20a City of Monroe‐‐‐‐John Glenn WTP PW/WU
Stewarts Creek (Reservoir: Lake 
Twitty)

7.0 6.9 6.2 ND 5.7 6.0 6.2 5.9 6.0 6.4 7.0 8.3 9.9 11.7 13.9

NWB‐77a Water and Sewer Authority of Cabarrus County‐‐‐‐Mt. Pleasant WTF PW/WU Dutch Buffalo Creek 0.3 0.3 0.3 0.2 0.2 0.3 0.3 0.2 0.3 0.3 0.3 0.4 0.4 0.5 0.5

NWB‐88 Richmond County‐‐‐‐Richmond County WTP PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

3.7 3.2 3.9 3.3 2.7 3.0 3.7 ND 3.4 3.4 3.4 3.5 3.6 3.7 3.8

NNB‐30c Duke Energy Carolinas, LLC‐‐‐‐Smith Energy Complex TEP n/a 0.0 ND 0.8 0.9 1.2 1.7 3.3 4.2 4.2 6.0 6.0 6.0 6.0 6.0 6.0

NNH‐30f Duke Energy Carolinas, LLC‐‐‐‐Additional Nuclear Plant #1 TEP
Pee Dee River (Reservoir: Blewett 
Falls Lake)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 32.2 32.2

Withdrawal Subtotal 44.0 44.1 50.2 28.1 48.7 46.5 50.5 44.7 49.5 50.5 53.9 53.5 56.5 96.4 102.2



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 4)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

Returns
NRB‐35a Hedrick Industries‐‐‐‐Aquadale Quarry IND Subbasin 03‐07‐13 1.2 ND 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
NRB‐83 Carolina Stalite Company‐‐‐‐Carolina Stalite Company IND Subbasin 03‐07‐13 0.8 0.5 0.5 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRB‐13 Charlotte Mecklenburg Utility Department‐‐‐‐Mallard Creek WWTP PW/WU Subbasin 03‐07‐11 5.1 5.5 7.8 7.5 8.2 7.9 8.4 7.9 8.1 8.6 9.6 11.4 13.6 16.3 19.4
NRB‐14a City of Albemarle‐‐‐‐Long Creek WWTP PW/WU Subbasin 03‐07‐13 8.1 9.1 7.4 5.5 6.1 5.7 5.3 5.0 5.3 5.7 6.4 6.8 6.9 7.2 7.4
NRB‐15b City of Concord‐‐‐‐Coddle Creek WTP PW/WU Subbasin 03‐07‐11 0.4 1.0 0.2 0.1 0.3 0.4 0.4 0.3 0.4 0.3 0.4 0.4 0.4 0.5 0.6
NRB‐17b City of Kannapolis‐‐‐‐City of Kannapolis WTP PW/WU Subbasin 03‐07‐12 0.6 0.2 0.4 0.3 0.3 0.3 0.3 0.2 0.3 0.2 0.3 0.3 0.3 0.4 0.4
NRB‐20b City of Monroe‐‐‐‐John Glenn WTP PW/WU Subbasin 03‐07‐14 0.4 0.3 0.8 0.8 0.8 0.7 0.7 0.8 0.7 0.8 0.9 1.0 1.2 1.4 1.7
NRB‐20c City of Monroe‐‐‐‐Monroe WWTP PW/WU Subbasin 03‐07‐14 7.1 6.6 6.5 6.4 6.4 6.4 5.8 6.0 6.1 6.4 7.0 8.3 9.9 11.8 14.0
NRB‐20d City of Monroe‐‐‐‐Monroe WWTP (allotment to Union County) PW/WU Subbasin 03‐07‐14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2 1.5 2.1 3.4 4.7 6.6 7.6
NRB‐52 Stanly County‐‐‐‐West Stanly WWTP PW/WU Subbasin 03‐07‐14 0.4 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.5
NRB‐59 Town of Biscoe‐‐‐‐Biscoe WWTP PW/WU Subbasin 03‐07‐15 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRB‐66 Town of Mooresville‐‐‐‐Rocky River WWTP (Town of Mooresville) PW/WU Subbasin 03‐07‐11 3.0 2.5 2.9 3.0 3.2 3.4 3.3 3.4 3.4 3.5 3.7 4.2 4.6 5.2 5.8
NRB‐67 Town of Mount Gilead‐‐‐‐Mount Gilead WWTP PW/WU Subbasin 03‐07‐10 0.4 0.4 0.4 0.3 0.1 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRB‐69b Town of Norwood‐‐‐‐Norwood WWTP PW/WU Subbasin 03‐07‐14 0.5 0.4 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRB‐71 Town of Troy‐‐‐‐Troy WWTP PW/WU Subbasin 03‐07‐15 0.6 0.6 0.5 0.4 0.4 0.4 0.4 0.5 0.4 0.4 0.5 0.5 0.5 0.5 0.5
NRB‐76a Union County Public Works‐‐‐‐Crooked Creek WWTP #2 PW/WU Subbasin 03‐07‐12 1.1 1.2 1.3 1.1 1.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

NRB‐76a(F) Union County Public Works‐‐‐‐Crooked Creek WWTP #2 (Future) PW/WU Subbasin 03‐07‐12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.1 1.5 1.5 1.5 1.5 1.5
NRB‐76b Union County Public Works‐‐‐‐Hunley Creek WWTP PW/WU Subbasin 03‐07‐12 0.1 0.2 ND ND ND ND ND ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NRB‐76c Union County Public Works‐‐‐‐Grassy Branch WWTP PW/WU Subbasin 03‐07‐12 ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1
NRB‐76d Union County Public Works‐‐‐‐Tallwood Estates WWTP PW/WU Subbasin 03‐07‐12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1

NRB‐77c
Water and Sewer Authority of Cabarrus County‐‐‐‐Rocky River WWTP 
(WSACC)

PW/WU Subbasin 03‐07‐12 17.1 14.6 14.7 14.3 14.7 14.4 14.2 13.9 14.2 14.9 16.1 18.4 21.1 24.1 27.7

NRB‐84 City of Charlotte‐‐‐‐Cabarrus Woods WWTP PW/WU Subbasin 03‐07‐11 0.3 0.4 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.5 0.5 0.6 0.6 0.7 0.8
NRB‐04 Aqua North Carolina, Inc‐‐‐‐Country Wood WWTP PW/WU (D) Subbasin 03‐07‐12 0.0 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.4 0.4 0.5
NRB‐09 Bradfield Farms Water Company‐‐‐‐Bradfield Farms WWTP PW/WU (D) Subbasin 03‐07‐11 0.1 0.1 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.5 0.5 0.7

NRB‐11 Carolina Water Service Inc of North Carolina‐‐‐‐Hemby Acres WWTP PW/WU (D) Subbasin 03‐07‐12 0.1 0.1 0.1 0.5 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2

Return Subtotal 47.9 44.5 45.3 42.4 44.0 43.2 42.4 41.6 43.6 46.1 51.0 59.1 68.0 79.0 90.5

BLEWETT FALLS LAKE TOTAL NET WITHDRAWALS ‐3.9 ‐0.4 4.9 ‐14.3 4.7 3.3 8.1 3.1 5.9 4.4 2.8 ‐5.6 ‐11.6 17.4 11.7

DOWNSTREAM OF BLEWETT FALLS LAKE (NC)

Withdrawals
DWAI‐8 Agriculture/Irrigation‐‐‐‐Downstream of Blewett Falls Lake (NC) A/I (CGL) n/a 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
NWD‐00 New Future Industry‐‐‐‐Downstream of Blewett Falls Lake (NC) IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0
NWD‐94a B.V. Hedrick Gravel And Sand Co.‐‐‐‐Hedrick Mine (Pump House ‐ 1) IND Pump House ‐ 1 ND ND ND 1.7 2.1 2.1 1.8 0.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
NWD‐94b B.V. Hedrick Gravel And Sand Co.‐‐‐‐Hedrick Mine (Pump House ‐ 3) IND Pump House ‐ 3 ND ND ND 1.7 2.1 2.0 1.8 0.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
NWD‐94c B.V. Hedrick Gravel And Sand Co.‐‐‐‐Hedrick Mine (Pump House ‐ 4) IND Pump House ‐ 4 ND ND ND 1.7 2.1 2.1 1.8 0.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4

NWD‐91a City of Hamlet‐‐‐‐Hamlet WTP PW/WU
Hamlet Water System (Reservoir: 
Hamlet Water Lake)

1.4 1.5 1.2 1.1 1.1 1.2 1.1 1.2 1.2 1.2 1.2 1.2 1.3 1.3 1.3

NWD‐90b City of Rockingham‐‐‐‐Rockingham WTP (City Pond intake) PW/WU City Pond (Reservoir: City Pond) 1.1 0.8 1.1 0.9 0.9 0.8 1.0 1.1 1.0 1.0 1.0 1.0 1.0 1.1 1.1

NWD‐90c City of Rockingham‐‐‐‐Rockingham WTP (Roberdel Lake intake) PW/WU
Roberdel Lake (Reservoir: 
Roberdel Lake)

2.1 1.6 2.1 1.8 1.7 1.7 2.0 2.2 2.0 2.0 2.0 2.0 2.1 2.1 2.2

NWD‐93 Town of Wadesboro‐‐‐‐Town of Wadesboro WTP PW/WU Jones Creek (Reservoir: City Pond) 1.4 0.9 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.9 0.9 0.9

Withdrawal Subtotal 8.0 6.8 7.2 11.7 12.8 12.7 12.4 8.4 11.2 11.2 12.3 12.4 12.5 12.6 12.8

Returns
NRD‐03d Anson County‐‐‐‐Anson County Regional WWTP PW/WU Subbasin 03‐07‐16 2.4 1.1 1.3 1.4 1.3 1.4 1.2 1.4 1.3 1.3 1.4 1.4 1.4 1.5 1.5
NRD‐03e Anson County‐‐‐‐Anson County Filtration Plant PW/WU Subbasin 03‐07‐16 0.6 0.6 0.7 0.7 0.7 0.5 0.5 0.6 0.5 0.5 0.5 0.5 0.6 0.6 0.6
NRD‐92 Burlington Industries LLC‐‐‐‐Richmond Plant IND Subbasin 03‐07‐16 0.5 0.5 0.3 0.3 0.2 0.3 0.3 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3
NRD‐91b City of Hamlet‐‐‐‐Hamlet WWTP PW/WU Subbasin 03‐07‐16 0.7 0.8 0.7 0.8 0.7 0.8 0.7 0.6 0.7 0.7 0.7 0.7 0.7 0.8 0.8
NRD‐90a City of Rockingham‐‐‐‐Rockingham WWTP PW/WU Subbasin 03‐07‐16 4.8 4.3 3.8 4.1 3.1 2.7 2.4 3.0 2.7 2.7 2.8 2.8 2.9 3.0 3.1
NRD‐88b Richmond County‐‐‐‐Richmond County WTP PW/WU Subbasin 03‐07‐16 0.1 0.2 0.3 0.3 0.4 0.4 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Return Subtotal 9.1 7.5 7.0 7.5 6.3 6.0 5.3 6.0 5.8 5.8 5.9 6.0 6.2 6.3 6.5

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) TOTAL NET WITHDRAWALS ‐1.1 ‐0.7 0.2 4.2 6.4 6.7 7.1 2.4 5.4 5.4 6.4 6.4 6.3 6.3 6.3

GRAND TOTAL (ALL BASINS)
WITHDRAWALS 185.6 185.7 191.7 158.8 176.3 178.5 175.3 174.0 179.8 192.0 211.2 227.3 244.3 331.3 347.5

RETURNS 123.2 115.9 115.0 108.3 112.1 113.6 110.7 105.1 111.5 116.9 127.3 141.9 154.9 170.6 187.7

NET WITHDRAWALS 62.4 69.8 76.6 50.6 64.2 65.0 64.6 68.9 68.3 75.1 83.9 85.4 89.5 160.7 159.8



Projected Net Withdrawals by Month (mgd) (Alternative 4)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Public Water/Wastewater Utilities

Base 20.23 1.50 0.93 ‐6.20 8.74 23.81 40.24 44.94 42.76 36.83 29.16 15.69 3.40

2015 22.96 3.20 2.52 ‐4.90 10.87 26.82 44.06 48.79 46.53 40.51 32.28 18.35 5.44

2020 24.82 3.30 2.58 ‐5.40 11.67 28.91 47.70 52.82 50.43 43.92 35.03 19.92 5.80

2030 26.30 1.64 0.86 ‐7.73 11.82 31.49 52.19 57.95 54.94 47.81 37.95 20.73 4.75

2040 30.35 3.01 1.93 ‐7.18 14.67 36.75 58.96 65.12 61.47 54.04 43.33 24.40 6.47

2050 34.77 4.25 2.77 ‐6.90 17.66 42.48 66.62 73.46 69.11 61.00 49.46 28.14 7.80

2060 33.86 0.51 ‐1.22 ‐11.61 15.45 42.51 68.44 75.99 70.97 62.36 50.12 26.84 4.40

Industrial

Base 5.84 5.41 5.49 5.41 5.49 5.45 5.60 5.70 5.53 5.78 7.25 7.15 5.68

2015 5.83 5.40 5.48 5.41 5.49 5.45 5.59 5.69 5.53 5.77 7.25 7.14 5.67

2020 11.32 10.89 10.97 10.90 10.98 10.94 11.09 11.18 11.02 11.26 12.74 12.63 11.16

2030 11.30 10.87 10.95 10.88 10.96 10.92 11.07 11.16 11.00 11.24 12.71 12.61 11.14

2040 11.28 10.84 10.92 10.86 10.94 10.90 11.04 11.14 10.98 11.22 12.69 12.59 11.12

2050 11.25 10.81 10.90 10.83 10.92 10.87 11.02 11.12 10.96 11.19 12.66 12.56 11.09

2060 11.23 10.78 10.86 10.80 10.89 10.84 10.99 11.09 10.93 11.17 12.63 12.53 11.06

Agriculture/Irrigation

Base 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2015 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2020 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2030 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2040 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2050 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2060 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

Power

Base 4.44 3.75 4.93 4.72 4.05 4.27 4.82 6.31 5.59 4.27 2.82 3.47 4.24

2015 8.49 8.27 8.50 8.48 8.51 8.55 8.75 8.87 8.89 8.73 8.40 8.04 7.89

2020 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2030 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2040 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2050 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

2060 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

Total

Base 73.68 12.50 14.32 14.92 46.51 88.39 150.89 181.35 156.76 106.79 62.57 32.53 15.62

2015 80.46 18.72 19.48 19.98 53.10 95.68 158.64 187.76 163.82 114.92 71.27 39.75 21.30

2020 90.30 26.58 27.53 27.44 61.90 105.81 170.52 200.15 176.10 126.55 81.91 48.85 29.05

2030 91.76 24.89 25.79 25.10 62.03 108.36 174.99 205.25 180.59 130.41 84.80 49.64 27.97

2040 95.79 26.24 26.83 25.62 64.86 113.60 181.73 212.40 187.09 136.62 90.16 53.29 29.67

2050 167.00 99.80 96.90 88.46 128.57 180.62 259.19 294.51 268.43 211.13 159.54 119.15 96.19

2060 166.06 96.02 92.88 83.73 126.34 180.62 260.99 297.01 270.27 212.46 160.16 117.82 92.76

Year

Annual 

Average

Month



Projected Withdrawals by Month (mgd) (Alternative 4)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Public Water/Wastewater Utilities

Base 133.37 124.27 122.00 121.49 126.39 136.71 149.28 148.91 149.80 143.65 134.49 123.73 119.08

2015 141.48 131.77 129.41 128.89 134.09 145.09 158.30 157.72 158.68 152.48 142.59 131.49 126.56

2020 153.79 143.25 140.70 140.21 145.75 157.61 171.97 171.30 172.48 165.80 155.07 143.03 137.57

2030 170.03 157.62 154.82 154.49 161.19 174.83 190.63 189.99 191.05 183.65 171.72 157.94 151.63

2040 187.19 173.17 170.01 169.83 177.57 193.04 210.00 209.23 210.11 202.27 189.24 174.07 166.84

2050 207.44 191.56 187.91 187.99 196.90 214.40 232.86 232.17 232.93 224.25 210.07 192.87 184.47

2060 223.77 206.49 202.49 202.74 212.49 231.47 251.24 250.58 251.32 241.95 226.73 207.97 198.79

Industrial

Base 10.01 9.94 9.90 9.82 9.85 9.72 9.60 9.83 9.95 10.00 11.11 10.87 9.53

2015 10.01 9.94 9.90 9.82 9.85 9.72 9.60 9.83 9.95 10.00 11.11 10.87 9.53

2020 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2030 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2040 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2050 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2060 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

Agriculture/Irrigation

Base 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2015 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2020 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2030 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2040 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2050 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2060 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

Power

Base 4.44 3.75 4.93 4.72 4.05 4.27 4.82 6.31 5.59 4.27 2.82 3.47 4.24

2015 8.49 8.27 8.50 8.48 8.51 8.55 8.75 8.87 8.89 8.73 8.40 8.04 7.89

2020 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2030 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2040 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2050 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

2060 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

Total

Base 191.00 139.80 139.80 147.01 168.53 205.55 263.93 289.46 268.21 217.82 171.76 144.30 135.14

2015 203.16 151.82 150.79 158.17 180.69 218.21 276.89 300.83 280.38 231.11 185.45 156.63 146.28

2020 223.46 171.07 170.08 177.47 200.35 238.78 298.80 322.78 302.58 252.66 205.82 175.71 164.68

2030 239.70 185.45 184.19 191.75 215.79 256.00 317.47 341.47 321.15 270.50 222.47 190.62 178.74

2040 256.86 200.99 199.39 207.09 232.18 274.22 336.83 360.71 340.20 289.13 239.99 206.74 193.94

2050 343.93 291.72 286.54 287.84 312.25 356.89 429.52 457.43 436.74 378.68 324.10 287.69 276.79

2060 360.26 306.66 301.12 302.58 327.84 373.96 447.90 475.84 455.13 396.38 340.76 302.80 291.12

Year

Annual 

Average

Month



Projected Returns by Month (mgd) (Alternative 4)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Public Water/Wastewater Utilities

Base 113.14 122.77 121.07 127.69 117.65 112.90 109.04 103.97 107.03 106.82 105.33 108.04 115.68

2015 118.52 128.57 126.90 133.78 123.22 118.27 114.24 108.93 112.15 111.97 110.31 113.14 121.12

2020 128.98 139.95 138.13 145.61 134.07 128.69 124.27 118.49 122.05 121.88 120.03 123.12 131.77

2030 143.73 155.98 153.95 162.21 149.37 143.34 138.45 132.05 136.11 135.84 133.78 137.21 146.88

2040 156.83 170.16 168.09 177.01 162.90 156.29 151.05 144.12 148.64 148.23 145.91 149.66 160.37

2050 172.67 187.30 185.14 194.89 179.24 171.93 166.24 158.70 163.82 163.24 160.61 164.73 176.67

2060 189.91 205.98 203.71 214.34 197.04 188.96 182.80 174.59 180.34 179.59 176.62 181.14 194.39

Industrial

Base 4.17 4.53 4.41 4.40 4.36 4.27 4.00 4.14 4.41 4.22 3.86 3.73 3.85

2015 4.18 4.54 4.41 4.41 4.37 4.27 4.01 4.14 4.42 4.22 3.87 3.73 3.85

2020 4.19 4.55 4.42 4.42 4.38 4.28 4.02 4.15 4.43 4.23 3.88 3.74 3.86

2030 4.21 4.57 4.45 4.44 4.40 4.30 4.04 4.17 4.45 4.25 3.90 3.76 3.88

2040 4.23 4.60 4.47 4.46 4.42 4.32 4.06 4.19 4.47 4.28 3.92 3.79 3.91

2050 4.26 4.63 4.50 4.48 4.44 4.35 4.08 4.21 4.49 4.30 3.95 3.82 3.93

2060 4.28 4.66 4.53 4.51 4.46 4.38 4.11 4.24 4.51 4.33 3.98 3.85 3.96

Agriculture/Irrigation

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Power

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total

Base 117.31 127.30 125.48 132.09 122.02 117.16 113.04 108.11 111.45 111.04 109.19 111.77 119.53

2015 122.70 133.10 131.31 138.19 127.59 122.54 118.25 113.07 116.57 116.19 114.18 116.88 124.98

2020 133.16 144.50 142.55 150.02 138.45 132.97 128.28 122.64 126.48 126.11 123.91 126.86 135.63

2030 147.94 160.55 158.40 166.65 153.76 147.64 142.48 136.21 140.56 140.09 137.68 140.98 150.77

2040 161.06 174.75 172.56 181.47 167.31 160.62 155.10 148.31 153.11 152.51 149.84 153.45 164.28

2050 176.93 191.93 189.64 199.37 183.67 176.28 170.33 162.92 168.31 167.55 164.56 168.55 180.60

2060 194.20 210.64 208.24 218.86 201.50 193.34 186.91 178.83 184.86 183.92 180.60 184.98 198.35

Year

Annual 

Average

Month



Projected Flow by Month (mgd) (Alternative 4)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

WITHDRAWALS

Base 191.00 139.80 139.80 147.01 168.53 205.55 263.93 289.46 268.21 217.82 171.76 144.30 135.14

2015 203.16 151.82 150.79 158.17 180.69 218.21 276.89 300.83 280.38 231.11 185.45 156.63 146.28

2020 223.46 171.07 170.08 177.47 200.35 238.78 298.80 322.78 302.58 252.66 205.82 175.71 164.68

2030 239.70 185.45 184.19 191.75 215.79 256.00 317.47 341.47 321.15 270.50 222.47 190.62 178.74

2040 256.86 200.99 199.39 207.09 232.18 274.22 336.83 360.71 340.20 289.13 239.99 206.74 193.94

2050 343.93 291.72 286.54 287.84 312.25 356.89 429.52 457.43 436.74 378.68 324.10 287.69 276.79

2060 360.26 306.66 301.12 302.58 327.84 373.96 447.90 475.84 455.13 396.38 340.76 302.80 291.12

RETURNS

Base 117.31 127.30 125.48 132.09 122.02 117.16 113.04 108.11 111.45 111.04 109.19 111.77 119.53

2015 122.70 133.10 131.31 138.19 127.59 122.54 118.25 113.07 116.57 116.19 114.18 116.88 124.98

2020 133.16 144.50 142.55 150.02 138.45 132.97 128.28 122.64 126.48 126.11 123.91 126.86 135.63

2030 147.94 160.55 158.40 166.65 153.76 147.64 142.48 136.21 140.56 140.09 137.68 140.98 150.77

2040 161.06 174.75 172.56 181.47 167.31 160.62 155.10 148.31 153.11 152.51 149.84 153.45 164.28

2050 176.93 191.93 189.64 199.37 183.67 176.28 170.33 162.92 168.31 167.55 164.56 168.55 180.60

2060 194.20 210.64 208.24 218.86 201.50 193.34 186.91 178.83 184.86 183.92 180.60 184.98 198.35

NET WITHDRAWAL

Base 73.68 12.50 14.32 14.92 46.51 88.39 150.89 181.35 156.76 106.79 62.57 32.53 15.62

2015 80.46 18.72 19.48 19.98 53.10 95.68 158.64 187.76 163.82 114.92 71.27 39.75 21.30

2020 90.30 26.58 27.53 27.44 61.90 105.81 170.52 200.15 176.10 126.55 81.91 48.85 29.05

2030 91.76 24.89 25.79 25.10 62.03 108.36 174.99 205.25 180.59 130.41 84.80 49.64 27.97

2040 95.79 26.24 26.83 25.62 64.86 113.60 181.73 212.40 187.09 136.62 90.16 53.29 29.67

2050 167.00 99.80 96.90 88.46 128.57 180.62 259.19 294.51 268.43 211.13 159.54 119.15 96.19

2060 166.06 96.02 92.88 83.73 126.34 180.62 260.99 297.01 270.27 212.46 160.16 117.82 92.76

Year

Annual 

Average

Month



Projected Flow by Subbasin (mgd) (Alternative 4)

Subbasins

Year Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM OF 

BLEWETT FALLS LAKE (NC)

WITHDRAWALS

Base 191.00 2.71 110.39 4.12 3.26 0.02 9.85 49.49 11.16

2015 203.16 2.71 116.16 5.65 5.68 0.02 11.26 50.49 11.20

2020 223.46 9.53 118.73 6.47 7.46 0.52 14.60 53.88 12.26

2030 239.70 9.71 126.05 6.67 8.08 0.52 15.77 60.53 12.39

2040 256.86 9.88 130.26 8.11 10.73 0.52 16.60 68.23 12.52

2050 343.93 10.07 137.82 8.26 11.52 0.52 50.26 112.84 12.65

2060 360.26 10.25 143.77 8.40 12.12 0.52 51.41 121.01 12.78

RETURNS

Base 117.31 0.21 66.70 0.55 0.16 0.00 0.29 43.62 5.78

2015 122.70 0.21 69.47 0.65 0.16 0.00 0.29 46.09 5.82

2020 133.16 0.21 74.88 0.68 0.16 0.00 0.30 51.04 5.89

2030 147.94 0.21 81.42 0.70 0.16 0.00 0.31 59.11 6.03

2040 161.06 0.21 85.37 0.80 0.16 0.00 0.32 68.02 6.18

2050 176.93 0.21 90.10 0.82 0.16 0.00 0.33 78.97 6.33

2060 194.20 0.21 95.63 0.84 0.16 0.00 0.35 90.53 6.48

NET WITHDRAWALS

Base 73.68 2.49 43.69 3.56 3.10 0.02 9.56 5.87 5.38

2015 80.46 2.49 46.70 4.99 5.51 0.02 10.96 4.40 5.38

2020 90.30 9.32 43.85 5.79 7.30 0.52 14.30 2.85 6.37

2030 91.76 9.49 44.63 5.97 7.91 0.52 15.46 1.42 6.36

2040 95.79 9.67 44.89 7.31 10.57 0.52 16.28 0.21 6.34

2050 167.00 9.85 47.73 7.44 11.36 0.52 49.92 33.87 6.32

2060 166.06 10.04 48.14 7.56 11.96 0.52 51.07 30.48 6.30
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Projected Withdrawals by Subbasin (mgd) (Alternative 4)

Subbasin Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR 2.71 2.71 9.53 9.71 9.88 10.07 10.25

HIGH ROCK LAKE 110.39 116.16 118.73 126.05 130.26 137.82 143.77

TUCKERTOWN RESERVOIR 4.12 5.65 6.47 6.67 8.11 8.26 8.40

NARROWS RESERVOIR (BADIN LAKE) 3.26 5.68 7.46 8.08 10.73 11.52 12.12

FALLS RESERVOIR 0.02 0.02 0.52 0.52 0.52 0.52 0.52

LAKE TILLERY 9.85 11.26 14.60 15.77 16.60 50.26 51.41

BLEWETT FALLS LAKE 49.49 50.49 53.88 60.53 68.23 112.84 121.01

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) 11.16 11.20 12.26 12.39 12.52 12.65 12.78

Total 191.00 203.16 223.46 239.70 256.86 343.93 360.26

Projected Returns by Subbasin (mgd) (Alternative 4)

Subbasin Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR 0.21 0.21 0.21 0.21 0.21 0.21 0.21

HIGH ROCK LAKE 66.70 69.47 74.88 81.42 85.37 90.10 95.63

TUCKERTOWN RESERVOIR 0.55 0.65 0.68 0.70 0.80 0.82 0.84

NARROWS RESERVOIR (BADIN LAKE) 0.16 0.16 0.16 0.16 0.16 0.16 0.16

FALLS RESERVOIR 0.00 0.00 0.00 0.00 0.00 0.00 0.00

LAKE TILLERY 0.29 0.29 0.30 0.31 0.32 0.33 0.35

BLEWETT FALLS LAKE 43.62 46.09 51.04 59.11 68.02 78.97 90.53

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) 5.78 5.82 5.89 6.03 6.18 6.33 6.48

Total 117.31 122.70 133.16 147.94 161.06 176.93 194.20

Projected Net Withdrawals by Subbasin (mgd) (Alternative 4)

Subbasin Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR 2.49 2.49 9.32 9.49 9.67 9.85 10.04

HIGH ROCK LAKE 43.69 46.70 43.85 44.63 44.89 47.73 48.14

TUCKERTOWN RESERVOIR 3.56 4.99 5.79 5.97 7.31 7.44 7.56

NARROWS RESERVOIR (BADIN LAKE) 3.10 5.51 7.30 7.91 10.57 11.36 11.96

FALLS RESERVOIR 0.02 0.02 0.52 0.52 0.52 0.52 0.52

LAKE TILLERY 9.56 10.96 14.30 15.46 16.28 49.92 51.07

BLEWETT FALLS LAKE 5.87 4.40 2.85 1.42 0.21 33.87 30.48

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) 5.38 5.38 6.37 6.36 6.34 6.32 6.30

Total 73.68 80.46 90.30 91.76 95.79 167.00 166.06



Projected Net Withdrawals by Subbasin (mgd) (Alternative 4)

Subbasin

Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM 

OF BLEWETT 

FALLS LAKE (NC)

Public Water/Wastewater Utilities

Base 20.23 0.00 20.19 3.07 3.03 0.00 6.76 ‐12.19 ‐0.63

2015 22.96 0.00 20.96 4.50 5.44 0.00 8.16 ‐15.47 ‐0.63

2020 24.82 6.83 14.63 4.80 6.73 0.00 10.50 ‐18.03 ‐0.64

2030 26.30 7.00 15.44 4.98 7.34 0.00 11.65 ‐19.46 ‐0.66

2040 30.35 7.18 15.72 6.31 10.00 0.00 12.48 ‐20.66 ‐0.68

2050 34.77 7.36 16.09 6.44 10.79 0.00 13.96 ‐19.17 ‐0.69

2060 33.86 7.55 16.53 6.56 11.38 0.00 15.10 ‐22.56 ‐0.71

Industrial

Base 5.84 ‐0.02 ‐0.36 0.00 ‐0.16 0.00 0.00 2.35 4.03

2015 5.83 ‐0.02 ‐0.36 0.00 ‐0.16 0.00 0.00 2.35 4.03

2020 11.32 ‐0.02 0.63 0.50 0.34 0.50 1.00 3.35 5.03

2030 11.30 ‐0.02 0.61 0.50 0.34 0.50 1.00 3.35 5.03

2040 11.28 ‐0.02 0.58 0.50 0.34 0.50 1.00 3.35 5.03

2050 11.25 ‐0.02 0.56 0.50 0.34 0.50 1.00 3.35 5.03

2060 11.23 ‐0.02 0.53 0.50 0.34 0.50 1.00 3.35 5.03

Agriculture/Irrigation

Base 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2015 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2020 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2030 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2040 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2050 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2060 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

Power

Base 4.44 0.00 0.25 0.00 0.00 0.00 0.00 4.18 0.00

2015 8.49 0.00 2.49 0.00 0.00 0.00 0.00 6.00 0.00

2020 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2030 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2040 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2050 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

2060 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

Total

Base 73.68 2.49 43.69 3.56 3.10 0.02 9.56 5.87 5.38

2015 80.46 2.49 46.70 4.99 5.51 0.02 10.96 4.40 5.38

2020 90.30 9.32 43.85 5.79 7.30 0.52 14.30 2.85 6.37

2030 91.76 9.49 44.63 5.97 7.91 0.52 15.46 1.42 6.36

2040 95.79 9.67 44.89 7.31 10.57 0.52 16.28 0.21 6.34

2050 167.00 9.85 47.73 7.44 11.36 0.52 49.92 33.87 6.32

2060 166.06 10.04 48.14 7.56 11.96 0.52 51.07 30.48 6.30

Year



Projected Withdrawals by Subbasin (mgd) (Alternative 4)

Subbasin

Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM 

OF BLEWETT 

FALLS LAKE (NC)

Public Water/Wastewater Utilities

Base 133.37 0.00 83.77 3.62 3.03 0.00 7.05 31.01 4.89

2015 141.48 0.00 87.30 5.15 5.44 0.00 8.45 30.20 4.93

2020 153.79 6.83 86.38 5.48 6.73 0.00 10.79 32.59 4.99

2030 170.03 7.00 93.69 5.68 7.34 0.00 11.96 39.23 5.12

2040 187.19 7.18 97.91 7.12 10.00 0.00 12.80 46.94 5.25

2050 207.44 7.36 102.98 7.26 10.79 0.00 14.29 59.39 5.38

2060 223.77 7.55 108.92 7.40 11.38 0.00 15.44 67.56 5.52

Industrial

Base 10.01 0.19 2.77 0.00 0.00 0.00 0.00 2.77 4.28

2015 10.01 0.19 2.77 0.00 0.00 0.00 0.00 2.77 4.28

2020 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2030 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2040 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2050 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2060 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

Agriculture/Irrigation

Base 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2015 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2020 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2030 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2040 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2050 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2060 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

Power

Base 4.44 0.00 0.25 0.00 0.00 0.00 0.00 4.18 0.00

2015 8.49 0.00 2.49 0.00 0.00 0.00 0.00 6.00 0.00

2020 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2030 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2040 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2050 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

2060 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

Total

Base 191.00 2.71 110.39 4.12 3.26 0.02 9.85 49.49 11.16

2015 203.16 2.71 116.16 5.65 5.68 0.02 11.26 50.49 11.20

2020 223.46 9.53 118.73 6.47 7.46 0.52 14.60 53.88 12.26

2030 239.70 9.71 126.05 6.67 8.08 0.52 15.77 60.53 12.39

2040 256.86 9.88 130.26 8.11 10.73 0.52 16.60 68.23 12.52

2050 343.93 10.07 137.82 8.26 11.52 0.52 50.26 112.84 12.65

2060 360.26 10.25 143.77 8.40 12.12 0.52 51.41 121.01 12.78

Year



Projected Returns by Subbasin (mgd) (Alternative 4)

Subbasin

Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM 

OF BLEWETT 

FALLS LAKE (NC)

Public Water/Wastewater Utilities

Base 113.14 0.00 63.58 0.55 0.00 0.00 0.29 43.20 5.52

2015 118.52 0.00 66.34 0.65 0.00 0.00 0.29 45.67 5.57

2020 128.98 0.00 71.74 0.68 0.00 0.00 0.30 50.62 5.64

2030 143.73 0.00 78.26 0.70 0.00 0.00 0.31 58.69 5.78

2040 156.83 0.00 82.19 0.80 0.00 0.00 0.32 67.60 5.92

2050 172.67 0.00 86.89 0.82 0.00 0.00 0.33 78.56 6.07

2060 189.91 0.00 92.39 0.84 0.00 0.00 0.35 90.11 6.23

Industrial

Base 4.17 0.21 3.13 0.00 0.16 0.00 0.00 0.42 0.25

2015 4.18 0.21 3.13 0.00 0.16 0.00 0.00 0.42 0.25

2020 4.19 0.21 3.14 0.00 0.16 0.00 0.00 0.42 0.25

2030 4.21 0.21 3.16 0.00 0.16 0.00 0.00 0.42 0.25

2040 4.23 0.21 3.18 0.00 0.16 0.00 0.00 0.42 0.25

2050 4.26 0.21 3.21 0.00 0.16 0.00 0.00 0.42 0.25

2060 4.28 0.21 3.24 0.00 0.16 0.00 0.00 0.42 0.25

Agriculture/Irrigation

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Power

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total

Base 117.31 0.21 66.70 0.55 0.16 0.00 0.29 43.62 5.78

2015 122.70 0.21 69.47 0.65 0.16 0.00 0.29 46.09 5.82

2020 133.16 0.21 74.88 0.68 0.16 0.00 0.30 51.04 5.89

2030 147.94 0.21 81.42 0.70 0.16 0.00 0.31 59.11 6.03

2040 161.06 0.21 85.37 0.80 0.16 0.00 0.32 68.02 6.18

2050 176.93 0.21 90.10 0.82 0.16 0.00 0.33 78.97 6.33

2060 194.20 0.21 95.63 0.84 0.16 0.00 0.35 90.53 6.48

Year



Base Year 2060

Industrial

Withdrawals 2010‐2012 Average 10.0 15.5 0.92
Returns 2010‐2012 Average 4.2 4.3 0.06
Net Withdrawals 2010‐2012 Average 5.8 11.2 1.37

Public Water/ Wastewater

Withdrawals 2010‐2012 Average 133.4 223.8 1.08
Returns 2010‐2012 Average 113.1 189.9 1.08
Net Withdrawals 2010‐2012 Average 20.2 33.9 1.08

Agriculture/Irrigation

Withdrawals 2010‐2012 Average 43.2 43.2 0.00
Returns 2010‐2012 Average 0.0 0.0 n/a
Net Withdrawals 2010‐2012 Average 43.2 43.2 0.00

Subtotal (Excluding Power)‐ Net Withdrawals 2010‐2012 Average 69.2 88.3 0.51
Public Water Supply/Wastewater and Industrial 26.1 45.1

Power

Net Withdrawals 2010‐2012 Average 4.4 77.8 6.15
Returns 2010‐2012 Average 0.0 0.0 n/a
Net Withdrawals 2010‐2012 Average 4.4 77.8 6.15

Total Basin‐ Net Withdrawals 2010‐2012 Average 73.7 166.1 1.71

Yadkin River Water Supply Study 

Net Withdrawal Projection and Comparison with Historical and Forecasted Populations

(Alternative 5)

Flow

Water User Category Base Year AGR
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Population Projections Years Start Year End Year AGR

United States 2010‐2030 308,745,538 369,662,000 0.90

2030‐2050 369,662,000 420,268,000 0.64

2040‐2050 389,934,000 420,268,000 0.75

2010‐2050 308,745,538 420,268,000 0.77

South Carolina1, 3 2010‐2035 4,625,364 5,722,720 0.86

    Yadkin River Basin 2010‐2035 75,667 74,220 ‐0.08

Chesterfield 2010‐2035 46,734 49,140 0.20

Marlboro 2010‐2035 28,933 25,080 ‐0.57

Virginia4 2010‐2040 8,001,024 10,530,228 0.69

    Yadkin River Basin 2010‐2040 64,065 64,609 0.02

Carroll 2010‐2040 30,042 31,187 0.09

Grayson 2010‐2040 15,533 14,520 ‐0.17

Patrick 2010‐2040 18,490 18,902 0.06

North Carolina2, 3 2010‐2030 9,535,483 11,576,088 0.97

    Yadkin River Basin 2010‐2030 3,418,431 4,219,846 1.06

Alexander 2010‐2030 37,198 37,276 0.01

Alleghany 2010‐2030 11,155 11,137 ‐0.01

Anson 2010‐2030 26,948 26,425 ‐0.10

Ashe 2010‐2030 27,281 27,649 0.07

Cabarrus 2010‐2030 178,011 237,929 1.46

Caldwell 2010‐2030 83,029 81,667 ‐0.08

Davidson 2010‐2031 162,878 169,749 0.21

Davie 2010‐2030 41,240 43,626 0.28

Forsyth 2010‐2030 350,670 393,805 0.58

Guilford 2010‐2030 488,406 601,279 1.04

Iredell 2010‐2030 159,437 199,982 1.14

Mecklenburg 2010‐2030 919,628 1,360,364 1.98

Montgomery 2010‐2030 27,798 27,489 ‐0.06

Randolph 2010‐2030 141,752 143,669 0.07

Richmond 2010‐2030 46,639 45,593 ‐0.11

Rowan 2010‐2030 138,428 146,442 0.28

Scotland 2010‐2030 36,157 33,904 ‐0.32

Stanly 2010‐2030 60,585 64,565 0.32

Stokes 2010‐2030 47,401 43,614 ‐0.42

Surry 2010‐2030 73,673 73,367 ‐0.02

Union 2010‐2030 201,292 285,500 1.76

Watauga 2010‐2030 51,079 57,214 0.57

Wilkes 2010‐2030 69,340 70,511 0.08

Yadkin 2010‐2030 38,406 37,090 ‐0.17
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Historical Data Years Start Year End Year AGR

US Population History3 1970‐2010 203,302,031 308,745,538 1.05

South Carolina Historical Population3 1970‐2010 2,590,516 4,625,364 1.46

    Yadkin River Basin 1970‐2010 60,818 75,667 0.55

Chesterfield 1970‐2010 33,667 46,734 0.82

Marlboro 1970‐2010 27,151 28,933 0.16

Virginia Historical Population4 1970‐2010 4,648,494 8,001,024 1.37

    Yadkin River Basin 1970‐2010 53,813 64,065 0.44

Carroll 1970‐2010 23,092 30,042 0.66

Grayson 1970‐2010 15,439 15,533 0.02

Patrick 1970‐2010 15,282 18,490 0.48

North Carolina Historical Population3 1970‐2010 5,082,059 9,535,483 1.59

    Yadkin River Basin 1970‐2010 1,768,998 3,418,431 1.66

Alexander 1970‐2010 19,466 37,198 1.63

Alleghany 1970‐2010 8,134 11,155 0.79

Anson 1970‐2010 23,488 26,948 0.34

Ashe 1970‐2010 19,571 27,281 0.83

Cabarrus 1970‐2010 74,629 178,011 2.20

Caldwell 1970‐2010 56,699 83,029 0.96

Davidson 1970‐2010 95,627 162,878 1.34

Davie 1970‐2010 18,855 41,240 1.98

Forsyth 1970‐2010 214,348 350,670 1.24

Guilford 1970‐2010 288,590 488,406 1.32

Iredell 1970‐2010 72,197 159,437 2.00

Mecklenburg 1970‐2010 354,656 919,628 2.41

Montgomery 1970‐2010 19,267 27,798 0.92

Randolph 1970‐2010 76,358 141,752 1.56

Richmond 1970‐2010 39,889 46,639 0.39

Rowan 1970‐2010 90,035 138,428 1.08

Scotland 1970‐2011 26,929 36,157 0.74

Stanly 1970‐2012 42,822 60,585 0.87

Stokes 1970‐2013 23,782 47,401 1.74

Surry 1970‐2014 51,415 73,673 0.90

Union 1970‐2015 54,714 201,292 3.31

Watauga 1970‐2016 23,404 51,079 1.97

Wilkes 1970‐2017 49,524 69,340 0.84

Yadkin 1970‐2010 24,599 38,406 1.12

Sources

4.  Virginia data retrieved online on June 26, 2014 (http://usatoday30.usatoday.com/news/nation/census/profile/VA)
3.  U.S. Census Bereau
2. North Carolina State Office of Budget and Management
1. South Carolina Office of Research and Statistics Health & Demographics webpage
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Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 5)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR

Withdrawals
WWAI‐1 Agriculture/Irrigation‐‐‐‐W. Kerr Scott Reservoir A/I (CGL) n/a 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
NWW‐08a Blue Ridge Tissue Corp‐‐‐‐Patterson Mill IND In‐take Pump ND ND ND 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NWW‐00 New Future Industry‐‐‐‐W. Kerr Scott Reservoir IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NWH‐89 Wilkes County‐‐‐‐Wilkes County WTP (Future) PW/WU n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.8 7.0 7.2 7.4 7.5

Withdrawal Subtotal 2.5 2.5 2.5 2.6 2.6 2.7 2.7 2.7 2.7 2.7 9.5 9.7 9.9 10.1 10.3

Returns
NRW‐08b Blue Ridge Tissue Corp‐‐‐‐Patterson Mill (return) IND Subbasin 03‐07‐01 0.1 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Return Subtotal 0.1 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

W. KERR SCOTT RESERVOIR TOTAL NET WITHDRAWALS 2.4 2.3 2.3 2.5 2.5 2.5 2.5 2.5 2.5 2.5 9.3 9.5 9.7 9.9 10.0



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 5)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

HIGH ROCK LAKE

Withdrawals
HWAI‐2 Agriculture/Irrigation‐‐‐‐High Rock Lake A/I (CGL) n/a 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6
NWH‐40a Louisiana Pacific Corporation‐‐‐‐Lousiana Pacific Corporation IND Yadkin River ND ND 1.4 1.5 1.2 2.1 2.4 2.1 2.2 2.2 2.2 2.2 2.2 2.2 2.2
NWH‐46b Performance Fibers, Inc‐‐‐‐Salisbury Facility IND Second Creek ND ND ND 0.7 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NWH‐74a True Textiles, Inc‐‐‐‐True Elkin, Inc. IND Big Elkin Creek ND ND 1.0 0.8 0.4 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NWH‐00 New Future Industry‐‐‐‐High Rock Lake IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0
NWH‐18a City of King‐‐‐‐City of King WTP PW/WU Yadkin River 1.6 1.7 2.3 1.9 1.7 1.7 1.6 1.7 1.7 1.7 1.7 1.7 1.8 1.8 1.9

NWH‐19c City of Lexington‐‐‐‐Lexington WTP (Lake Thom‐A‐Lex Intake) PW/WU
Abbotts Creek (Reservoir: Lake 
Thom‐A‐Lex)

3.9 3.3 3.2 2.9 2.7 2.7 2.8 2.6 2.7 2.8 3.0 3.1 3.2 3.4 3.5

NWH‐21a City of Mount Airy‐‐‐‐F. G. Doggett WTP PW/WU Stewarts Creek 3.9 2.6 2.2 1.6 1.6 1.7 1.8 2.6 2.0 2.0 2.0 2.1 2.2 2.2 2.3
NWH‐21c City of Mount Airy‐‐‐‐S. L. Spencer WTP PW/WU Lovills Creek 1.1 0.8 0.6 0.5 0.5 0.5 0.5 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.7
NWH‐22a City of Salisbury‐‐‐‐Salisbury WTP PW/WU Yadkin/South Yadkin 8.0 6.2 7.7 7.4 7.8 8.2 8.4 8.7 8.5 8.7 9.0 9.7 10.4 11.2 12.1
NWH‐23a City of Statesville‐‐‐‐City of Statesville WTP (S. Yadkin River intake) PW/WU South Yadkin River 5.2 3.9 4.1 3.4 3.1 3.3 3.2 3.1 3.2 3.9 5.0 5.4 5.8 6.3 6.8

NWH‐24a City of Thomasville‐‐‐‐City of Thomasville WTP PW/WU
Abbots Creek (Reservoir: Lake 
Thom‐A‐Lex)

3.2 2.6 3.0 ND 2.5 2.7 2.4 2.5 2.5 2.6 2.6 2.7 2.9 2.9 3.0

NWH‐25e City of Winston‐Salem‐‐‐‐P. W. Swann WTP PW/WU
Yadkin River @ Swann RWPS 
(Reservoir: W. Kerr Scott)

13.1 13.6 12.1 11.4 11.0 11.2 11.3 11.1 11.2 11.9 13.0 14.6 15.3 16.1 17.2

NWH‐25f City of Winston‐Salem‐‐‐‐R. W. Neilson WTP / R. A. Thomas WTP PW/WU
Yadkin River @ Idols RWPS 
(Reservoir: W. Kerr‐Scott)

31.5 32.7 29.0 27.4 26.4 26.8 27.1 26.7 26.9 28.5 31.3 35.1 36.6 38.7 41.3

NWH‐27a Davidson Water Inc‐‐‐‐C. O. Pickle WP PW/WU Yadkin River 9.2 10.1 11.8 11.3 10.8 11.3 10.2 9.9 10.5 10.6 10.7 11.0 11.2 11.5 11.8
NWH‐28a Davie County‐‐‐‐Cooleemee WTP PW/WU S. Yadkin 0.9 1.1 1.2 1.0 1.2 1.1 1.1 1.2 1.1 1.1 1.1 1.2 1.2 1.3 1.3
NWH‐28b Davie County‐‐‐‐Sparks Road WTP PW/WU Yadkin 1.2 1.6 1.7 1.4 1.6 1.5 1.6 1.6 1.6 1.6 1.6 1.7 1.7 1.8 1.8
NWH‐63 Town of Elkin‐‐‐‐Elkin Municipal WTP PW/WU Elkin Creek (Reservoir: Elkin) 1.4 1.1 0.9 0.9 0.8 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.8 0.8 0.8
NWH‐64 Town of Jonesville‐‐‐‐Jonesville WP PW/WU Yadkin River 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NWH‐65a Town of Mocksville‐‐‐‐Hugh A. Lagle WTP PW/WU Hunting Creek 0.8 0.8 0.9 ND ND 0.9 0.8 ND 0.9 0.9 0.9 0.9 0.9 1.0 1.0
NWH‐68a Town of North Wilkesboro‐‐‐‐North Wilkesboro WP PW/WU Reddies River 2.9 2.7 3.0 2.6 2.4 2.5 2.6 2.7 2.6 2.6 0.0 0.0 0.0 0.0 0.0
NWH‐70a Town of Pilot Mountain‐‐‐‐Pilot Mountain WTP PW/WU Toms Creek 0.9 0.4 0.3 0.2 0.2 0.2 0.3 0.3 0.2 0.3 0.3 0.3 0.3 0.3 0.3
NWH‐72b Town of Wilkesboro‐‐‐‐Wilkesboro WFP PW/WU Yadkin River 3.8 4.6 4.5 4.4 4.3 4.2 4.0 4.1 4.1 4.1 0.0 0.0 0.0 0.0 0.0

NWH‐73a Town of Yadkinville‐‐‐‐Yadkinville WTP PW/WU
South Deep Creek (Reservoir: 
Town of  Yadkinville)

1.0 0.9 0.9 0.9 0.7 0.9 0.9 0.8 0.8 0.8 0.9 0.9 0.9 0.9 0.9

NWH‐87 Energy United Water‐‐‐‐Energy United Water WTP PW/WU South Yadkin River 0.8 1.5 1.4 1.8 1.6 1.6 1.7 1.7 1.7 1.7 1.7 1.7 1.8 1.8 1.9
NNH‐30a Duke Energy Carolinas, LLC‐‐‐‐Buck Steam Station TEP Yadkin River/High Rock Lake 1.8 1.8 2.0 1.5 0.5 1.2 0.7 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NNH‐30b Duke Energy Carolinas, LLC‐‐‐‐Buck Combined Cycle Station TEP Yadkin River/High Rock Lake 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ND 0.3 2.5 2.5 2.5 2.5 2.5 2.5

NNH‐30d Duke Energy Carolinas, LLC‐‐‐‐Additional Combined Cycle Station #1 TEP
Yadkin River/High Rock Lake 
(upstream tributary)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 2.5 2.5 2.5 2.5

NNH‐30e Duke Energy Carolinas, LLC‐‐‐‐Additional Combined Cycle Station #2 TEP Yadkin River/High Rock Lake 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 2.5

Withdrawal Subtotal 120.1 118.1 119.3 109.5 107.4 111.8 110.5 109.4 110.4 116.2 118.7 126.0 130.3 137.8 143.8

Returns
NRH‐01 Allegheny Technologies, Inc‐‐‐‐ATI Allvac Monroe Plant IND Subbasin 03‐07‐14 0.2 0.1 0.1 0.2 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐40b Louisiana Pacific Corporation‐‐‐‐LP Roaring River WWTP IND Subbasin 03‐07‐01 0.9 0.9 1.2 1.4 1.3 1.4 1.2 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3

NRH‐45
P P G Industries Fiber Glass Products, Inc‐‐‐‐PPG Industries Fiber Glass 
Products

IND Subbasin 03‐07‐04 0.4 0.3 0.4 0.4 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

NRH‐46a Performance Fibers, Inc‐‐‐‐Salisbury Facility IND Subbasin 03‐07‐06 1.6 1.0 0.4 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NRH‐74b True Textiles, Inc‐‐‐‐304 East Main Street Plant IND Subbasin 03‐07‐02 1.6 0.7 0.9 0.5 0.3 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐75 Tyson Foods, Inc‐‐‐‐Harmony Plant IND Subbasin 03‐07‐06 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.3
NRH‐78 Wayne Farms LLC Bruckie Ashburn‐‐‐‐Dobson Plant IND Subbasin 03‐07‐02 0.5 0.6 0.4 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NRH‐85 Norfolk Southern Railway Company‐‐‐‐Linwood Yard IND Subbasin 03‐07‐04 0.1 0.1 0.2 0.2 0.2 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRH‐16 City of High Point‐‐‐‐Westside WWTP PW/WU Subbasin 03‐07‐07 3.4 4.0 3.7 3.6 3.6 3.5 4.1 2.8 3.5 3.6 3.7 4.1 4.5 4.9 5.3
NRH‐18b City of King‐‐‐‐City of King WTP PW/WU Subbasin 03‐07‐02 ND ND ND ND ND 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐19a City of Lexington‐‐‐‐Lexington Regional WWTP PW/WU Subbasin 03‐07‐07 3.5 3.1 2.5 2.3 3.0 3.2 2.9 2.6 2.9 3.0 3.2 3.3 3.4 3.6 3.7
NRH‐19b City of Lexington‐‐‐‐Lexington WTP #1 & 2 PW/WU Subbasin 03‐07‐07 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.5 0.5 0.5 0.5 0.6 0.6 0.6
NRH‐21b City of Mount Airy‐‐‐‐Mount Airy WWTP PW/WU Subbasin 03‐07‐03 5.0 3.2 2.0 1.5 1.6 2.1 2.1 1.7 2.0 2.0 2.0 2.1 2.1 2.2 2.2
NRH‐22b City of Salisbury‐‐‐‐Salisbury‐Rowan WWTP PW/WU Subbasin 03‐07‐04 4.5 6.8 7.3 7.2 7.8 7.7 7.1 6.3 7.0 7.2 7.5 8.0 8.7 9.3 10.1
NRH‐23b City of Statesville‐‐‐‐Fourth Creek WWTP PW/WU Subbasin 03‐07‐06 3.0 2.6 3.0 3.0 3.2 3.2 2.5 2.1 2.6 3.1 4.0 4.4 4.7 5.1 5.6
NRH‐23c City of Statesville‐‐‐‐Third Creek WWTP PW/WU Subbasin 03‐07‐06 2.0 1.3 1.4 1.2 1.3 1.5 0.9 0.8 1.1 1.4 1.7 1.9 2.0 2.2 2.4
NRH‐24b City of Thomasville‐‐‐‐Hamby Creek WWTP PW/WU Subbasin 03‐07‐07 3.0 2.7 2.7 2.5 2.4 2.5 2.2 2.1 2.3 2.3 2.3 2.4 2.6 2.6 2.7
NRH‐25a City of Winston‐Salem‐‐‐‐Archie Elledge WWTP PW/WU Subbasin 03‐07‐04 21.1 18.4 18.0 17.0 17.6 17.6 15.7 14.8 16.0 17.4 19.0 21.4 22.3 23.6 25.1
NRH‐25b City of Winston‐Salem‐‐‐‐Muddy Creek WWTP PW/WU Subbasin 03‐07‐04 13.1 14.6 15.5 14.4 14.9 15.9 15.1 15.3 15.5 15.5 17.0 19.0 19.9 21.0 22.4
NRH‐25c City of Winston‐Salem‐‐‐‐P. W. Swann WTP PW/WU Subbasin 03‐07‐02 ND ND 0.4 0.4 0.4 0.5 0.4 0.4 0.4 0.5 0.5 0.6 0.6 0.6 0.7
NRH‐25d City of Winston‐Salem‐‐‐‐R. A. Thomas WTP PW/WU Subbasin 03‐07‐04 0.8 0.8 0.7 0.6 ND ND 1.5 0.3 0.9 0.9 1.0 1.2 1.2 1.3 1.4
NRH‐27b Davidson Water Inc‐‐‐‐Davidson Water WTP PW/WU Subbasin 03‐07‐04 0.2 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NRH‐28c Davie County‐‐‐‐Sparks Road WTP PW/WU Subbasin 03‐07‐02 ND ND 0.1 0.1 0.2 0.2 1.1 1.5 0.9 0.9 0.9 1.0 1.0 1.0 1.0
NRH‐28d Davie County‐‐‐‐Cooleemee WWTP PW/WU Subbasin 03‐07‐06 0.9 0.6 0.4 0.5 0.5 0.6 0.5 0.5 0.6 0.6 0.6 0.6 0.6 0.6 0.7
NRH‐58 Town of Bermuda Run‐‐‐‐Bermuda Run WWTP PW/WU Subbasin 03‐07‐02 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐60 Town of Boonville‐‐‐‐Boonville WWTP PW/WU Subbasin 03‐07‐02 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐62 Town of Dobson‐‐‐‐Dobson WWTP PW/WU Subbasin 03‐07‐02 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRH‐65b Town of Mocksville‐‐‐‐Bear Creek WWTP PW/WU Subbasin 03‐07‐06 0.2 0.2 0.2 0.2 ND ND ND ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NRH‐65c Town of Mocksville‐‐‐‐Dutchman Creek WWTP PW/WU Subbasin 03‐07‐05 0.4 0.5 0.5 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.5 0.5
NRH‐68b Town of North Wilkesboro‐‐‐‐Thurman Street WWTP PW/WU Subbasin 03‐07‐01 0.9 0.8 0.7 0.6 0.8 0.7 0.8 0.9 0.8 0.8 0.8 0.8 0.9 0.9 0.9
NRH‐70b Town of Pilot Mountain‐‐‐‐Pilot Mountain WTP PW/WU Subbasin 03‐07‐03 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 5)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

NRH‐70c Town of Pilot Mountain‐‐‐‐Pilot Mountain WWTP PW/WU Subbasin 03‐07‐03 0.8 0.4 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRH‐72a Town of Wilkesboro‐‐‐‐Cub Creek WWTP PW/WU Subbasin 03‐07‐01 3.2 3.4 3.1 2.7 3.1 3.5 3.6 3.7 3.6 3.6 3.7 3.7 3.8 3.9 4.0
NRH‐73b Town of Yadkinville‐‐‐‐Yadkinville WWTP PW/WU Subbasin 03‐07‐02 0.7 0.6 0.7 0.7 0.7 0.8 0.8 0.7 0.8 0.8 0.8 0.8 0.8 0.8 0.8

NRH‐81
Yadkin Valley Sewer Authority, Inc‐‐‐‐Yadkin Valley Sewer Authority 
WWTP

PW/WU Subbasin 03‐07‐02 0.9 0.7 0.5 0.6 0.6 0.5 0.7 0.7 0.6 0.6 0.6 0.6 0.6 0.7 0.7

NRH‐86 Town of Cleveland‐‐‐‐Cleveland WWTP PW/WU Subbasin 03‐07‐06 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Return Subtotal 73.8 70.1 68.8 64.7 66.9 69.1 67.1 62.4 66.7 69.5 74.9 81.4 85.4 90.1 95.6

HIGH ROCK LAKE TOTAL NET WITHDRAWALS 46.3 47.9 50.6 44.8 40.6 42.7 43.4 47.0 43.7 46.7 43.8 44.6 44.9 47.7 48.1

TUCKERTOWN RESERVOIR

Withdrawals
TWAI‐3 Agriculture/Irrigation‐‐‐‐Tuckertown Reservoir A/I (CGL) n/a 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
NWT‐00 New Future Industry‐‐‐‐Tuckertown Reservoir IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

NWT‐14b City of Albemarle‐‐‐‐Tuckertown WTP PW/WU
Yadkin River (Reservoir: 
Tuckertown)

3.0 3.3 2.4 2.6 2.2 2.4 ND 2.4 2.4 3.9 4.2 4.4 5.8 5.9 6.0

NWT‐61a Town of Denton‐‐‐‐Denton WP PW/WU
Yadkin River (Reservoir: 
Tuckertown Reservoir)

0.9 1.4 1.4 ND 1.3 1.3 1.2 1.2 1.2 1.2 1.3 1.3 1.3 1.3 1.4

Withdrawal Subtotal 4.4 5.2 4.3 3.1 4.0 4.2 1.7 4.1 4.1 5.6 6.5 6.7 8.1 8.3 8.4

Returns
NRT‐14c City of Albemarle‐‐‐‐Tuckertown WTP PW/WU Subbasin 03‐07‐08 0.0 0.0 0.0 0.0 0.0 0.2 0.1 0.1 0.2 0.3 0.3 0.3 0.4 0.4 0.4
NRT‐61b Town of Denton‐‐‐‐Denton WWTP PW/WU Subbasin 03‐07‐08 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.5

Return Subtotal 0.4 0.4 0.4 0.4 0.5 0.6 0.5 0.5 0.6 0.7 0.7 0.7 0.8 0.8 0.8

TUCKERTOWN RESERVOIR TOTAL NET WITHDRAWALS 4.0 4.8 3.9 2.7 3.5 3.6 1.2 3.6 3.6 5.0 5.8 6.0 7.3 7.4 7.6



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 5)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

NARROWS RESERVOIR (BADIN LAKE)

Withdrawals
NWAI‐4 Agriculture/Irrigation‐‐‐‐Narrows Reservoir (Badin Lake) A/I (CGL) n/a 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NWN‐00 New Future Industry‐‐‐‐Narrows Reservoir (Badin Lake) IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

NWN‐14d City of Albemarle‐‐‐‐US 52 HWY WTP PW/WU
Yadkin River at Narrows 
(Reservoir: Narrows (Badin Lake))

3.8 4.2 3.1 3.3 2.8 3.1 ND 3.0 3.0 5.4 6.7 7.3 10.0 10.8 11.4

Withdrawal Subtotal 4.0 4.5 3.3 3.5 3.0 3.3 0.2 3.2 3.3 5.7 7.5 8.1 10.7 11.5 12.1

Returns
NRN‐02 Aluminum Company Of America‐‐‐‐Badin Works IND Subbasin 03‐07‐08 0.6 0.3 0.1 0.3 0.3 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Return Subtotal 0.6 0.3 0.1 0.3 0.3 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

NARROWS RESERVOIR (BADIN LAKE) TOTAL NET WITHDRAWALS 3.5 4.2 3.2 3.3 2.7 3.1 0.1 3.1 3.1 5.5 7.3 7.9 10.6 11.4 12.0

FALLS RESERVOIR

Withdrawals
FWAI‐5 Agriculture/Irrigation‐‐‐‐Falls Reservoir A/I (CGL) n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NWF‐00 New Future Industry‐‐‐‐Falls Reservoir IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

Withdrawal Subtotal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

Returns

None None None ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

None None None ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

None None None ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

Return Subtotal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

FALLS RESERVOIR TOTAL NET WITHDRAWALS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 5)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

LAKE TILLERY

Withdrawals
LWAI‐6 Agriculture/Irrigation‐‐‐‐Lake Tillery A/I (CGL) n/a 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8
NWL‐00 New Future Industry‐‐‐‐Lake Tillery IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0

NWB‐76e
Union County Public Works‐‐‐‐Planned Yadkin River Water Intake 
(Future)

PW/WU n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.1 11.8 16.5 18.8

NWL‐05b Asheboro‐‐‐‐W. L. Brown Jr WTP (Lake Lucas intake) PW/WU Back Creek (Reservoir: Lake Lucas) 1.7 1.8 1.9 1.8 1.5 1.6 1.6 1.6 1.6 2.1 2.9 3.3 3.6 4.1 4.5

NWL‐05c Asheboro‐‐‐‐W. L. Brown Jr WTP (Lake Reese intake) PW/WU Uwharrie (Reservoir: Lake Reese) 3.1 3.3 3.3 3.1 2.7 2.8 2.8 2.8 2.8 3.7 5.1 5.8 6.3 7.2 7.9

NWL‐42 Montgomery County‐‐‐‐Montgomery County WTP PW/WU
LAKE TILLERY (Reservoir: Lake 
Tillery)

2.5 3.1 3.5 3.9 3.0 2.4 2.1 2.2 2.2 2.3 2.3 2.3 2.4 2.5 2.5

NWL‐69a Town of Norwood‐‐‐‐Norwood WTP PW/WU
Yadkin River (Reservoir: Lake 
Tillery)

0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.4 0.4 0.5 0.5 0.5 0.5 0.5 0.5

NNH‐30g Duke Energy Carolinas, LLC‐‐‐‐Additional Nuclear Plant #2 TEP
Yadkin River (Reservoir: Lake 
Tillery)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 32.2 32.2

Withdrawal Subtotal 10.6 11.4 11.9 12.0 10.5 10.0 9.7 9.8 9.9 11.3 14.6 22.8 28.4 66.7 70.3

Returns
NRL‐34 Greater Badin Water & Sewer District‐‐‐‐Badin WWTP PW/WU Subbasin 03‐07‐08 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Return Subtotal 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

LAKE TILLERY TOTAL NET WITHDRAWALS 10.1 10.9 11.7 11.7 10.2 9.7 9.4 9.5 9.6 11.0 14.3 22.5 28.0 66.4 69.9

BLEWETT FALLS LAKE

Withdrawals
BWAI‐7 Agriculture/Irrigation‐‐‐‐Blewett Falls Lake A/I (CGL) n/a 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5

NWB‐35b Hedrick Industries‐‐‐‐Aquadale Quarry (Pump 1 ‐ Fresh Water Pond) IND Pump 1 ‐ Fresh Water Pond ND ND ND 0.4 0.2 0.3 0.4 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4

NWB‐35c Hedrick Industries‐‐‐‐Aquadale Quarry (Pump 2 ‐ Cement Pond) IND Pump 2 ‐ Cement Pond ND ND ND 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NWB‐55 Teledyne Allvac‐‐‐‐Monroe Plant IND Lower Pond ND ND ND ND 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
NWB‐56 The Fork, LLC‐‐‐‐The Fork, LLC IND Rocky River ND ND 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
NWB‐00 New Future Industry‐‐‐‐Blewett Falls Lake IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0

NWB‐03a Anson County‐‐‐‐Anson County Filtration Plant PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

5.5 6.0 6.0 5.4 5.7 6.6 6.8 5.7 4.6 4.6 4.7 4.8 4.9 5.0 5.2

NWB‐03b
Anson County‐‐‐‐Anson County Filtration Plant (treated wholesale to 
UCPW)

PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.8 2.4 2.4 0.0 0.0 0.0 0.0

NWB‐03c Anson County‐‐‐‐Anson County Filtration Plant (raw wholesale to UCPW) PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

NWB‐15a City of Concord‐‐‐‐Coddle Creek WTP PW/WU
Coddle Creek (Reservoir: Lake Don 
T. Howell)

6.8 7.8 9.6 ND 8.0 8.0 8.0 8.0 8.0 7.3 8.3 8.5 9.1 12.2 14.1

NWB‐15d City of Concord‐‐‐‐Hillgrove WTP (Lake Fisher intake) PW/WU
Cold Water Creek (Reservoir: Lake 
Fisher)

2.1 2.4 2.9 ND 2.5 2.5 2.5 2.5 2.5 2.3 2.5 2.6 2.8 3.8 4.3

NWB‐17a City of Kannapolis‐‐‐‐City of Kannapolis WTP PW/WU
Irish Buffalo Creek (Reservoir: 
Kannapolis Lake)

6.5 5.4 7.8 5.4 7.6 3.8 4.9 3.4 4.1 3.2 3.7 3.7 4.0 5.4 6.2

NWB‐17c
City of Kannapolis‐‐‐‐City of Kannapolis WTP (supplemental intake ‐ Lake 
Howell)

PW/WU
Coddle Creek (Reservoir: Lake 
Howell)

0.7 0.6 0.9 0.6 0.9 0.4 0.6 0.4 0.5 0.4 0.4 0.4 0.5 0.6 0.7

NWB‐20a City of Monroe‐‐‐‐John Glenn WTP PW/WU
Stewarts Creek (Reservoir: Lake 
Twitty)

7.0 6.9 6.2 ND 5.7 6.0 6.2 5.9 6.0 6.4 7.0 8.3 9.9 11.7 13.9

NWB‐77a Water and Sewer Authority of Cabarrus County‐‐‐‐Mt. Pleasant WTF PW/WU Dutch Buffalo Creek 0.3 0.3 0.3 0.2 0.2 0.3 0.3 0.2 0.3 0.3 0.3 0.4 0.4 0.5 0.5

NWB‐88 Richmond County‐‐‐‐Richmond County WTP PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

3.7 3.2 3.9 3.3 2.7 3.0 3.7 ND 3.4 3.4 3.4 3.5 3.6 3.7 3.8

NNB‐30c Duke Energy Carolinas, LLC‐‐‐‐Smith Energy Complex TEP n/a 0.0 ND 0.8 0.9 1.2 1.7 3.3 4.2 4.2 6.0 6.0 6.0 6.0 6.0 6.0

NNH‐30f Duke Energy Carolinas, LLC‐‐‐‐Additional Nuclear Plant #1 TEP
Pee Dee River (Reservoir: Blewett 
Falls Lake)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 32.2 32.2

Withdrawal Subtotal 44.0 44.1 50.2 28.1 48.7 46.5 50.5 44.7 49.5 50.5 53.9 53.5 56.5 96.4 102.2



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 5)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

Returns
NRB‐35a Hedrick Industries‐‐‐‐Aquadale Quarry IND Subbasin 03‐07‐13 1.2 ND 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
NRB‐83 Carolina Stalite Company‐‐‐‐Carolina Stalite Company IND Subbasin 03‐07‐13 0.8 0.5 0.5 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRB‐13 Charlotte Mecklenburg Utility Department‐‐‐‐Mallard Creek WWTP PW/WU Subbasin 03‐07‐11 5.1 5.5 7.8 7.5 8.2 7.9 8.4 7.9 8.1 8.6 9.6 11.4 13.6 16.3 19.4
NRB‐14a City of Albemarle‐‐‐‐Long Creek WWTP PW/WU Subbasin 03‐07‐13 8.1 9.1 7.4 5.5 6.1 5.7 5.3 5.0 5.3 5.7 6.4 6.8 6.9 7.2 7.4
NRB‐15b City of Concord‐‐‐‐Coddle Creek WTP PW/WU Subbasin 03‐07‐11 0.4 1.0 0.2 0.1 0.3 0.4 0.4 0.3 0.4 0.3 0.4 0.4 0.4 0.5 0.6
NRB‐17b City of Kannapolis‐‐‐‐City of Kannapolis WTP PW/WU Subbasin 03‐07‐12 0.6 0.2 0.4 0.3 0.3 0.3 0.3 0.2 0.3 0.2 0.3 0.3 0.3 0.4 0.4
NRB‐20b City of Monroe‐‐‐‐John Glenn WTP PW/WU Subbasin 03‐07‐14 0.4 0.3 0.8 0.8 0.8 0.7 0.7 0.8 0.7 0.8 0.9 1.0 1.2 1.4 1.7
NRB‐20c City of Monroe‐‐‐‐Monroe WWTP PW/WU Subbasin 03‐07‐14 7.1 6.6 6.5 6.4 6.4 6.4 5.8 6.0 6.1 6.4 7.0 8.3 9.9 11.8 14.0
NRB‐20d City of Monroe‐‐‐‐Monroe WWTP (allotment to Union County) PW/WU Subbasin 03‐07‐14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2 1.5 2.1 3.4 4.7 6.6 7.6
NRB‐52 Stanly County‐‐‐‐West Stanly WWTP PW/WU Subbasin 03‐07‐14 0.4 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.5
NRB‐59 Town of Biscoe‐‐‐‐Biscoe WWTP PW/WU Subbasin 03‐07‐15 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRB‐66 Town of Mooresville‐‐‐‐Rocky River WWTP (Town of Mooresville) PW/WU Subbasin 03‐07‐11 3.0 2.5 2.9 3.0 3.2 3.4 3.3 3.4 3.4 3.5 3.7 4.2 4.6 5.2 5.8
NRB‐67 Town of Mount Gilead‐‐‐‐Mount Gilead WWTP PW/WU Subbasin 03‐07‐10 0.4 0.4 0.4 0.3 0.1 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRB‐69b Town of Norwood‐‐‐‐Norwood WWTP PW/WU Subbasin 03‐07‐14 0.5 0.4 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRB‐71 Town of Troy‐‐‐‐Troy WWTP PW/WU Subbasin 03‐07‐15 0.6 0.6 0.5 0.4 0.4 0.4 0.4 0.5 0.4 0.4 0.5 0.5 0.5 0.5 0.5
NRB‐76a Union County Public Works‐‐‐‐Crooked Creek WWTP #2 PW/WU Subbasin 03‐07‐12 1.1 1.2 1.3 1.1 1.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

NRB‐76a(F) Union County Public Works‐‐‐‐Crooked Creek WWTP #2 (Future) PW/WU Subbasin 03‐07‐12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.1 1.5 1.5 1.5 1.5 1.5
NRB‐76b Union County Public Works‐‐‐‐Hunley Creek WWTP PW/WU Subbasin 03‐07‐12 0.1 0.2 ND ND ND ND ND ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NRB‐76c Union County Public Works‐‐‐‐Grassy Branch WWTP PW/WU Subbasin 03‐07‐12 ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1
NRB‐76d Union County Public Works‐‐‐‐Tallwood Estates WWTP PW/WU Subbasin 03‐07‐12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1

NRB‐77c
Water and Sewer Authority of Cabarrus County‐‐‐‐Rocky River WWTP 
(WSACC)

PW/WU Subbasin 03‐07‐12 17.1 14.6 14.7 14.3 14.7 14.4 14.2 13.9 14.2 14.9 16.1 18.4 21.1 24.1 27.7

NRB‐84 City of Charlotte‐‐‐‐Cabarrus Woods WWTP PW/WU Subbasin 03‐07‐11 0.3 0.4 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.5 0.5 0.6 0.6 0.7 0.8
NRB‐04 Aqua North Carolina, Inc‐‐‐‐Country Wood WWTP PW/WU (D) Subbasin 03‐07‐12 0.0 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.4 0.4 0.5
NRB‐09 Bradfield Farms Water Company‐‐‐‐Bradfield Farms WWTP PW/WU (D) Subbasin 03‐07‐11 0.1 0.1 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.5 0.5 0.7

NRB‐11 Carolina Water Service Inc of North Carolina‐‐‐‐Hemby Acres WWTP PW/WU (D) Subbasin 03‐07‐12 0.1 0.1 0.1 0.5 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2

Return Subtotal 47.9 44.5 45.3 42.4 44.0 43.2 42.4 41.6 43.6 46.1 51.0 59.1 68.0 79.0 90.5

BLEWETT FALLS LAKE TOTAL NET WITHDRAWALS ‐3.9 ‐0.4 4.9 ‐14.3 4.7 3.3 8.1 3.1 5.9 4.4 2.8 ‐5.6 ‐11.6 17.4 11.7

DOWNSTREAM OF BLEWETT FALLS LAKE (NC)

Withdrawals
DWAI‐8 Agriculture/Irrigation‐‐‐‐Downstream of Blewett Falls Lake (NC) A/I (CGL) n/a 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
NWD‐00 New Future Industry‐‐‐‐Downstream of Blewett Falls Lake (NC) IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0
NWD‐94a B.V. Hedrick Gravel And Sand Co.‐‐‐‐Hedrick Mine (Pump House ‐ 1) IND Pump House ‐ 1 ND ND ND 1.7 2.1 2.1 1.8 0.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
NWD‐94b B.V. Hedrick Gravel And Sand Co.‐‐‐‐Hedrick Mine (Pump House ‐ 3) IND Pump House ‐ 3 ND ND ND 1.7 2.1 2.0 1.8 0.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
NWD‐94c B.V. Hedrick Gravel And Sand Co.‐‐‐‐Hedrick Mine (Pump House ‐ 4) IND Pump House ‐ 4 ND ND ND 1.7 2.1 2.1 1.8 0.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4

NWD‐91a City of Hamlet‐‐‐‐Hamlet WTP PW/WU
Hamlet Water System (Reservoir: 
Hamlet Water Lake)

1.4 1.5 1.2 1.1 1.1 1.2 1.1 1.2 1.2 1.2 1.2 1.2 1.3 1.3 1.3

NWD‐90b City of Rockingham‐‐‐‐Rockingham WTP (City Pond intake) PW/WU City Pond (Reservoir: City Pond) 1.1 0.8 1.1 0.9 0.9 0.8 1.0 1.1 1.0 1.0 1.0 1.0 1.0 1.1 1.1

NWD‐90c City of Rockingham‐‐‐‐Rockingham WTP (Roberdel Lake intake) PW/WU
Roberdel Lake (Reservoir: 
Roberdel Lake)

2.1 1.6 2.1 1.8 1.7 1.7 2.0 2.2 2.0 2.0 2.0 2.0 2.1 2.1 2.2

NWD‐93 Town of Wadesboro‐‐‐‐Town of Wadesboro WTP PW/WU Jones Creek (Reservoir: City Pond) 1.4 0.9 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.9 0.9 0.9

Withdrawal Subtotal 8.0 6.8 7.2 11.7 12.8 12.7 12.4 8.4 11.2 11.2 12.3 12.4 12.5 12.6 12.8

Returns
NRD‐03d Anson County‐‐‐‐Anson County Regional WWTP PW/WU Subbasin 03‐07‐16 2.4 1.1 1.3 1.4 1.3 1.4 1.2 1.4 1.3 1.3 1.4 1.4 1.4 1.5 1.5
NRD‐03e Anson County‐‐‐‐Anson County Filtration Plant PW/WU Subbasin 03‐07‐16 0.6 0.6 0.7 0.7 0.7 0.5 0.5 0.6 0.5 0.5 0.5 0.5 0.6 0.6 0.6
NRD‐92 Burlington Industries LLC‐‐‐‐Richmond Plant IND Subbasin 03‐07‐16 0.5 0.5 0.3 0.3 0.2 0.3 0.3 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3
NRD‐91b City of Hamlet‐‐‐‐Hamlet WWTP PW/WU Subbasin 03‐07‐16 0.7 0.8 0.7 0.8 0.7 0.8 0.7 0.6 0.7 0.7 0.7 0.7 0.7 0.8 0.8
NRD‐90a City of Rockingham‐‐‐‐Rockingham WWTP PW/WU Subbasin 03‐07‐16 4.8 4.3 3.8 4.1 3.1 2.7 2.4 3.0 2.7 2.7 2.8 2.8 2.9 3.0 3.1
NRD‐88b Richmond County‐‐‐‐Richmond County WTP PW/WU Subbasin 03‐07‐16 0.1 0.2 0.3 0.3 0.4 0.4 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Return Subtotal 9.1 7.5 7.0 7.5 6.3 6.0 5.3 6.0 5.8 5.8 5.9 6.0 6.2 6.3 6.5

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) TOTAL NET WITHDRAWALS ‐1.1 ‐0.7 0.2 4.2 6.4 6.7 7.1 2.4 5.4 5.4 6.4 6.4 6.3 6.3 6.3

GRAND TOTAL (ALL BASINS)
WITHDRAWALS 185.6 185.7 191.7 158.8 176.3 178.5 175.3 174.0 179.8 192.0 211.2 227.3 244.3 331.3 347.5

RETURNS 123.2 115.9 115.0 108.3 112.1 113.6 110.7 105.1 111.5 116.9 127.3 141.9 154.9 170.6 187.7

NET WITHDRAWALS 62.4 69.8 76.6 50.6 64.2 65.0 64.6 68.9 68.3 75.1 83.9 85.4 89.5 160.7 159.8



Projected Net Withdrawals by Month (mgd) (Alternative 5)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Public Water/Wastewater Utilities

Base 20.23 1.50 0.93 ‐6.20 8.74 23.81 40.24 44.94 42.76 36.83 29.16 15.69 3.40

2015 22.96 3.20 2.52 ‐4.90 10.87 26.82 44.06 48.79 46.53 40.51 32.28 18.35 5.44

2020 24.82 3.30 2.58 ‐5.40 11.67 28.91 47.70 52.82 50.43 43.92 35.03 19.92 5.80

2030 26.30 1.64 0.86 ‐7.73 11.82 31.49 52.19 57.95 54.94 47.81 37.95 20.73 4.75

2040 30.35 3.01 1.93 ‐7.18 14.67 36.75 58.96 65.12 61.47 54.04 43.33 24.40 6.47

2050 34.77 4.25 2.77 ‐6.90 17.66 42.48 66.62 73.46 69.11 61.00 49.46 28.14 7.80

2060 33.88 0.52 ‐1.21 ‐11.60 15.47 42.53 68.46 76.01 70.99 62.38 50.13 26.85 4.41

Industrial

Base 5.84 5.41 5.49 5.41 5.49 5.45 5.60 5.70 5.53 5.78 7.25 7.15 5.68

2015 5.83 5.40 5.48 5.41 5.49 5.45 5.59 5.69 5.53 5.77 7.25 7.14 5.67

2020 11.32 10.89 10.97 10.90 10.98 10.94 11.09 11.18 11.02 11.26 12.74 12.63 11.16

2030 11.30 10.87 10.95 10.88 10.96 10.92 11.07 11.16 11.00 11.24 12.71 12.61 11.14

2040 11.28 10.84 10.92 10.86 10.94 10.90 11.04 11.14 10.98 11.22 12.69 12.59 11.12

2050 11.25 10.81 10.90 10.83 10.92 10.87 11.02 11.12 10.96 11.19 12.66 12.56 11.09

2060 11.23 10.78 10.86 10.80 10.89 10.84 10.99 11.09 10.93 11.17 12.63 12.53 11.06

Agriculture/Irrigation

Base 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2015 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2020 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2030 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2040 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2050 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2060 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

Power

Base 4.44 3.75 4.93 4.72 4.05 4.27 4.82 6.31 5.59 4.27 2.82 3.47 4.24

2015 8.49 8.27 8.50 8.48 8.51 8.55 8.75 8.87 8.89 8.73 8.40 8.04 7.89

2020 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2030 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2040 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2050 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

2060 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

Total

Base 73.68 12.50 14.32 14.92 46.51 88.39 150.89 181.35 156.76 106.79 62.57 32.53 15.62

2015 80.46 18.72 19.48 19.98 53.10 95.68 158.64 187.76 163.82 114.92 71.27 39.75 21.30

2020 90.30 26.58 27.53 27.44 61.90 105.81 170.52 200.15 176.10 126.55 81.91 48.85 29.05

2030 91.76 24.89 25.79 25.10 62.03 108.36 174.99 205.25 180.59 130.41 84.80 49.64 27.97

2040 95.79 26.24 26.83 25.62 64.86 113.60 181.73 212.40 187.09 136.62 90.16 53.29 29.67

2050 167.00 99.80 96.90 88.46 128.57 180.62 259.19 294.51 268.43 211.13 159.54 119.15 96.19

2060 166.08 96.03 92.89 83.74 126.36 180.64 261.01 297.03 270.29 212.48 160.18 117.83 92.78

Year

Annual 

Average

Month



Projected Withdrawals by Month (mgd) (Alternative 5)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Public Water/Wastewater Utilities

Base 133.37 124.27 122.00 121.49 126.39 136.71 149.28 148.91 149.80 143.65 134.49 123.73 119.08

2015 141.48 131.77 129.41 128.89 134.09 145.09 158.30 157.72 158.68 152.48 142.59 131.49 126.56

2020 153.79 143.25 140.70 140.21 145.75 157.61 171.97 171.30 172.48 165.80 155.07 143.03 137.57

2030 170.03 157.62 154.82 154.49 161.19 174.83 190.63 189.99 191.05 183.65 171.72 157.94 151.63

2040 187.19 173.17 170.01 169.83 177.57 193.04 210.00 209.23 210.11 202.27 189.24 174.07 166.84

2050 207.44 191.56 187.91 187.99 196.90 214.40 232.86 232.17 232.93 224.25 210.07 192.87 184.47

2060 223.79 206.50 202.50 202.75 212.51 231.49 251.26 250.60 251.34 241.97 226.75 207.99 198.80

Industrial

Base 10.01 9.94 9.90 9.82 9.85 9.72 9.60 9.83 9.95 10.00 11.11 10.87 9.53

2015 10.01 9.94 9.90 9.82 9.85 9.72 9.60 9.83 9.95 10.00 11.11 10.87 9.53

2020 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2030 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2040 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2050 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2060 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

Agriculture/Irrigation

Base 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2015 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2020 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2030 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2040 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2050 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2060 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

Power

Base 4.44 3.75 4.93 4.72 4.05 4.27 4.82 6.31 5.59 4.27 2.82 3.47 4.24

2015 8.49 8.27 8.50 8.48 8.51 8.55 8.75 8.87 8.89 8.73 8.40 8.04 7.89

2020 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2030 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2040 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2050 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

2060 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

Total

Base 191.00 139.80 139.80 147.01 168.53 205.55 263.93 289.46 268.21 217.82 171.76 144.30 135.14

2015 203.16 151.82 150.79 158.17 180.69 218.21 276.89 300.83 280.38 231.11 185.45 156.63 146.28

2020 223.46 171.07 170.08 177.47 200.35 238.78 298.80 322.78 302.58 252.66 205.82 175.71 164.68

2030 239.70 185.45 184.19 191.75 215.79 256.00 317.47 341.47 321.15 270.50 222.47 190.62 178.74

2040 256.86 200.99 199.39 207.09 232.18 274.22 336.83 360.71 340.20 289.13 239.99 206.74 193.94

2050 343.93 291.72 286.54 287.84 312.25 356.89 429.52 457.43 436.74 378.68 324.10 287.69 276.79

2060 360.28 306.67 301.13 302.60 327.86 373.98 447.92 475.86 455.15 396.40 340.78 302.81 291.13

Year

Annual 

Average

Month



Projected Returns by Month (mgd) (Alternative 5)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Public Water/Wastewater Utilities

Base 113.14 122.77 121.07 127.69 117.65 112.90 109.04 103.97 107.03 106.82 105.33 108.04 115.68

2015 118.52 128.57 126.90 133.78 123.22 118.27 114.24 108.93 112.15 111.97 110.31 113.14 121.12

2020 128.98 139.95 138.13 145.61 134.07 128.69 124.27 118.49 122.05 121.88 120.03 123.12 131.77

2030 143.73 155.98 153.95 162.21 149.37 143.34 138.45 132.05 136.11 135.84 133.78 137.21 146.88

2040 156.83 170.16 168.09 177.01 162.90 156.29 151.05 144.12 148.64 148.23 145.91 149.66 160.37

2050 172.67 187.30 185.14 194.89 179.24 171.93 166.24 158.70 163.82 163.24 160.61 164.73 176.67

2060 189.91 205.98 203.71 214.34 197.04 188.96 182.80 174.59 180.34 179.59 176.62 181.14 194.39

Industrial

Base 4.17 4.53 4.41 4.40 4.36 4.27 4.00 4.14 4.41 4.22 3.86 3.73 3.85

2015 4.18 4.54 4.41 4.41 4.37 4.27 4.01 4.14 4.42 4.22 3.87 3.73 3.85

2020 4.19 4.55 4.42 4.42 4.38 4.28 4.02 4.15 4.43 4.23 3.88 3.74 3.86

2030 4.21 4.57 4.45 4.44 4.40 4.30 4.04 4.17 4.45 4.25 3.90 3.76 3.88

2040 4.23 4.60 4.47 4.46 4.42 4.32 4.06 4.19 4.47 4.28 3.92 3.79 3.91

2050 4.26 4.63 4.50 4.48 4.44 4.35 4.08 4.21 4.49 4.30 3.95 3.82 3.93

2060 4.28 4.66 4.53 4.51 4.46 4.38 4.11 4.24 4.51 4.33 3.98 3.85 3.96

Agriculture/Irrigation

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Power

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total

Base 117.31 127.30 125.48 132.09 122.02 117.16 113.04 108.11 111.45 111.04 109.19 111.77 119.53

2015 122.70 133.10 131.31 138.19 127.59 122.54 118.25 113.07 116.57 116.19 114.18 116.88 124.98

2020 133.16 144.50 142.55 150.02 138.45 132.97 128.28 122.64 126.48 126.11 123.91 126.86 135.63

2030 147.94 160.55 158.40 166.65 153.76 147.64 142.48 136.21 140.56 140.09 137.68 140.98 150.77

2040 161.06 174.75 172.56 181.47 167.31 160.62 155.10 148.31 153.11 152.51 149.84 153.45 164.28

2050 176.93 191.93 189.64 199.37 183.67 176.28 170.33 162.92 168.31 167.55 164.56 168.55 180.60

2060 194.20 210.64 208.24 218.86 201.50 193.34 186.91 178.83 184.86 183.92 180.60 184.98 198.35

Year

Annual 

Average

Month



Projected Flow by Month (mgd) (Alternative 5)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

WITHDRAWALS

Base 191.00 139.80 139.80 147.01 168.53 205.55 263.93 289.46 268.21 217.82 171.76 144.30 135.14

2015 203.16 151.82 150.79 158.17 180.69 218.21 276.89 300.83 280.38 231.11 185.45 156.63 146.28

2020 223.46 171.07 170.08 177.47 200.35 238.78 298.80 322.78 302.58 252.66 205.82 175.71 164.68

2030 239.70 185.45 184.19 191.75 215.79 256.00 317.47 341.47 321.15 270.50 222.47 190.62 178.74

2040 256.86 200.99 199.39 207.09 232.18 274.22 336.83 360.71 340.20 289.13 239.99 206.74 193.94

2050 343.93 291.72 286.54 287.84 312.25 356.89 429.52 457.43 436.74 378.68 324.10 287.69 276.79

2060 360.28 306.67 301.13 302.60 327.86 373.98 447.92 475.86 455.15 396.40 340.78 302.81 291.13

RETURNS

Base 117.31 127.30 125.48 132.09 122.02 117.16 113.04 108.11 111.45 111.04 109.19 111.77 119.53

2015 122.70 133.10 131.31 138.19 127.59 122.54 118.25 113.07 116.57 116.19 114.18 116.88 124.98

2020 133.16 144.50 142.55 150.02 138.45 132.97 128.28 122.64 126.48 126.11 123.91 126.86 135.63

2030 147.94 160.55 158.40 166.65 153.76 147.64 142.48 136.21 140.56 140.09 137.68 140.98 150.77

2040 161.06 174.75 172.56 181.47 167.31 160.62 155.10 148.31 153.11 152.51 149.84 153.45 164.28

2050 176.93 191.93 189.64 199.37 183.67 176.28 170.33 162.92 168.31 167.55 164.56 168.55 180.60

2060 194.20 210.64 208.24 218.86 201.50 193.34 186.91 178.83 184.86 183.92 180.60 184.98 198.35

NET WITHDRAWAL

Base 73.68 12.50 14.32 14.92 46.51 88.39 150.89 181.35 156.76 106.79 62.57 32.53 15.62

2015 80.46 18.72 19.48 19.98 53.10 95.68 158.64 187.76 163.82 114.92 71.27 39.75 21.30

2020 90.30 26.58 27.53 27.44 61.90 105.81 170.52 200.15 176.10 126.55 81.91 48.85 29.05

2030 91.76 24.89 25.79 25.10 62.03 108.36 174.99 205.25 180.59 130.41 84.80 49.64 27.97

2040 95.79 26.24 26.83 25.62 64.86 113.60 181.73 212.40 187.09 136.62 90.16 53.29 29.67

2050 167.00 99.80 96.90 88.46 128.57 180.62 259.19 294.51 268.43 211.13 159.54 119.15 96.19

2060 166.08 96.03 92.89 83.74 126.36 180.64 261.01 297.03 270.29 212.48 160.18 117.83 92.78

Year

Annual 

Average

Month



Projected Flow by Subbasin (mgd) (Alternative 5)

Subbasins

Year Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM OF 

BLEWETT FALLS LAKE (NC)

WITHDRAWALS

Base 191.00 2.71 110.39 4.12 3.26 0.02 9.85 49.49 11.16

2015 203.16 2.71 116.16 5.65 5.68 0.02 11.26 50.49 11.20

2020 223.46 9.53 118.73 6.47 7.46 0.52 14.60 53.88 12.26

2030 239.70 9.71 126.05 6.67 8.08 0.52 15.77 60.53 12.39

2040 256.86 9.88 130.26 8.11 10.73 0.52 16.60 68.23 12.52

2050 343.93 10.07 137.82 8.26 11.52 0.52 50.26 112.84 12.65

2060 360.28 10.25 143.77 8.40 12.12 0.52 51.41 121.03 12.78

RETURNS

Base 117.31 0.21 66.70 0.55 0.16 0.00 0.29 43.62 5.78

2015 122.70 0.21 69.47 0.65 0.16 0.00 0.29 46.09 5.82

2020 133.16 0.21 74.88 0.68 0.16 0.00 0.30 51.04 5.89

2030 147.94 0.21 81.42 0.70 0.16 0.00 0.31 59.11 6.03

2040 161.06 0.21 85.37 0.80 0.16 0.00 0.32 68.02 6.18

2050 176.93 0.21 90.10 0.82 0.16 0.00 0.33 78.97 6.33

2060 194.20 0.21 95.63 0.84 0.16 0.00 0.35 90.53 6.48

NET WITHDRAWALS

Base 73.68 2.49 43.69 3.56 3.10 0.02 9.56 5.87 5.38

2015 80.46 2.49 46.70 4.99 5.51 0.02 10.96 4.40 5.38

2020 90.30 9.32 43.85 5.79 7.30 0.52 14.30 2.85 6.37

2030 91.76 9.49 44.63 5.97 7.91 0.52 15.46 1.42 6.36

2040 95.79 9.67 44.89 7.31 10.57 0.52 16.28 0.21 6.34

2050 167.00 9.85 47.73 7.44 11.36 0.52 49.92 33.87 6.32

2060 166.08 10.04 48.14 7.56 11.96 0.52 51.07 30.50 6.30
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Projected Withdrawals by Subbasin (mgd) (Alternative 5)

Subbasin Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR 2.71 2.71 9.53 9.71 9.88 10.07 10.25

HIGH ROCK LAKE 110.39 116.16 118.73 126.05 130.26 137.82 143.77

TUCKERTOWN RESERVOIR 4.12 5.65 6.47 6.67 8.11 8.26 8.40

NARROWS RESERVOIR (BADIN LAKE) 3.26 5.68 7.46 8.08 10.73 11.52 12.12

FALLS RESERVOIR 0.02 0.02 0.52 0.52 0.52 0.52 0.52

LAKE TILLERY 9.85 11.26 14.60 15.77 16.60 50.26 51.41

BLEWETT FALLS LAKE 49.49 50.49 53.88 60.53 68.23 112.84 121.03

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) 11.16 11.20 12.26 12.39 12.52 12.65 12.78

Total 191.00 203.16 223.46 239.70 256.86 343.93 360.28

Projected Returns by Subbasin (mgd) (Alternative 5)

Subbasin Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR 0.21 0.21 0.21 0.21 0.21 0.21 0.21

HIGH ROCK LAKE 66.70 69.47 74.88 81.42 85.37 90.10 95.63

TUCKERTOWN RESERVOIR 0.55 0.65 0.68 0.70 0.80 0.82 0.84

NARROWS RESERVOIR (BADIN LAKE) 0.16 0.16 0.16 0.16 0.16 0.16 0.16

FALLS RESERVOIR 0.00 0.00 0.00 0.00 0.00 0.00 0.00

LAKE TILLERY 0.29 0.29 0.30 0.31 0.32 0.33 0.35

BLEWETT FALLS LAKE 43.62 46.09 51.04 59.11 68.02 78.97 90.53

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) 5.78 5.82 5.89 6.03 6.18 6.33 6.48

Total 117.31 122.70 133.16 147.94 161.06 176.93 194.20

Projected Net Withdrawals by Subbasin (mgd) (Alternative 5)

Subbasin Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR 2.49 2.49 9.32 9.49 9.67 9.85 10.04

HIGH ROCK LAKE 43.69 46.70 43.85 44.63 44.89 47.73 48.14

TUCKERTOWN RESERVOIR 3.56 4.99 5.79 5.97 7.31 7.44 7.56

NARROWS RESERVOIR (BADIN LAKE) 3.10 5.51 7.30 7.91 10.57 11.36 11.96

FALLS RESERVOIR 0.02 0.02 0.52 0.52 0.52 0.52 0.52

LAKE TILLERY 9.56 10.96 14.30 15.46 16.28 49.92 51.07

BLEWETT FALLS LAKE 5.87 4.40 2.85 1.42 0.21 33.87 30.50

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) 5.38 5.38 6.37 6.36 6.34 6.32 6.30

Total 73.68 80.46 90.30 91.76 95.79 167.00 166.08



Projected Net Withdrawals by Subbasin (mgd) (Alternative 5)

Subbasin

Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM 

OF BLEWETT 

FALLS LAKE (NC)

Public Water/Wastewater Utilities

Base 20.23 0.00 20.19 3.07 3.03 0.00 6.76 ‐12.19 ‐0.63

2015 22.96 0.00 20.96 4.50 5.44 0.00 8.16 ‐15.47 ‐0.63

2020 24.82 6.83 14.63 4.80 6.73 0.00 10.50 ‐18.03 ‐0.64

2030 26.30 7.00 15.44 4.98 7.34 0.00 11.65 ‐19.46 ‐0.66

2040 30.35 7.18 15.72 6.31 10.00 0.00 12.48 ‐20.66 ‐0.68

2050 34.77 7.36 16.09 6.44 10.79 0.00 13.96 ‐19.17 ‐0.69

2060 33.88 7.55 16.53 6.56 11.38 0.00 15.10 ‐22.54 ‐0.71

Industrial

Base 5.84 ‐0.02 ‐0.36 0.00 ‐0.16 0.00 0.00 2.35 4.03

2015 5.83 ‐0.02 ‐0.36 0.00 ‐0.16 0.00 0.00 2.35 4.03

2020 11.32 ‐0.02 0.63 0.50 0.34 0.50 1.00 3.35 5.03

2030 11.30 ‐0.02 0.61 0.50 0.34 0.50 1.00 3.35 5.03

2040 11.28 ‐0.02 0.58 0.50 0.34 0.50 1.00 3.35 5.03

2050 11.25 ‐0.02 0.56 0.50 0.34 0.50 1.00 3.35 5.03

2060 11.23 ‐0.02 0.53 0.50 0.34 0.50 1.00 3.35 5.03

Agriculture/Irrigation

Base 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2015 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2020 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2030 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2040 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2050 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2060 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

Power

Base 4.44 0.00 0.25 0.00 0.00 0.00 0.00 4.18 0.00

2015 8.49 0.00 2.49 0.00 0.00 0.00 0.00 6.00 0.00

2020 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2030 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2040 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2050 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

2060 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

Total

Base 73.68 2.49 43.69 3.56 3.10 0.02 9.56 5.87 5.38

2015 80.46 2.49 46.70 4.99 5.51 0.02 10.96 4.40 5.38

2020 90.30 9.32 43.85 5.79 7.30 0.52 14.30 2.85 6.37

2030 91.76 9.49 44.63 5.97 7.91 0.52 15.46 1.42 6.36

2040 95.79 9.67 44.89 7.31 10.57 0.52 16.28 0.21 6.34

2050 167.00 9.85 47.73 7.44 11.36 0.52 49.92 33.87 6.32

2060 166.08 10.04 48.14 7.56 11.96 0.52 51.07 30.50 6.30

Year



Projected Withdrawals by Subbasin (mgd) (Alternative 5)

Subbasin

Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM 

OF BLEWETT 

FALLS LAKE (NC)

Public Water/Wastewater Utilities

Base 133.37 0.00 83.77 3.62 3.03 0.00 7.05 31.01 4.89

2015 141.48 0.00 87.30 5.15 5.44 0.00 8.45 30.20 4.93

2020 153.79 6.83 86.38 5.48 6.73 0.00 10.79 32.59 4.99

2030 170.03 7.00 93.69 5.68 7.34 0.00 11.96 39.23 5.12

2040 187.19 7.18 97.91 7.12 10.00 0.00 12.80 46.94 5.25

2050 207.44 7.36 102.98 7.26 10.79 0.00 14.29 59.39 5.38

2060 223.79 7.55 108.92 7.40 11.38 0.00 15.44 67.57 5.52

Industrial

Base 10.01 0.19 2.77 0.00 0.00 0.00 0.00 2.77 4.28

2015 10.01 0.19 2.77 0.00 0.00 0.00 0.00 2.77 4.28

2020 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2030 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2040 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2050 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2060 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

Agriculture/Irrigation

Base 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2015 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2020 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2030 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2040 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2050 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2060 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

Power

Base 4.44 0.00 0.25 0.00 0.00 0.00 0.00 4.18 0.00

2015 8.49 0.00 2.49 0.00 0.00 0.00 0.00 6.00 0.00

2020 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2030 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2040 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2050 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

2060 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

Total

Base 191.00 2.71 110.39 4.12 3.26 0.02 9.85 49.49 11.16

2015 203.16 2.71 116.16 5.65 5.68 0.02 11.26 50.49 11.20

2020 223.46 9.53 118.73 6.47 7.46 0.52 14.60 53.88 12.26

2030 239.70 9.71 126.05 6.67 8.08 0.52 15.77 60.53 12.39

2040 256.86 9.88 130.26 8.11 10.73 0.52 16.60 68.23 12.52

2050 343.93 10.07 137.82 8.26 11.52 0.52 50.26 112.84 12.65

2060 360.28 10.25 143.77 8.40 12.12 0.52 51.41 121.03 12.78

Year



Projected Returns by Subbasin (mgd) (Alternative 5)

Subbasin

Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM 

OF BLEWETT 

FALLS LAKE (NC)

Public Water/Wastewater Utilities

Base 113.14 0.00 63.58 0.55 0.00 0.00 0.29 43.20 5.52

2015 118.52 0.00 66.34 0.65 0.00 0.00 0.29 45.67 5.57

2020 128.98 0.00 71.74 0.68 0.00 0.00 0.30 50.62 5.64

2030 143.73 0.00 78.26 0.70 0.00 0.00 0.31 58.69 5.78

2040 156.83 0.00 82.19 0.80 0.00 0.00 0.32 67.60 5.92

2050 172.67 0.00 86.89 0.82 0.00 0.00 0.33 78.56 6.07

2060 189.91 0.00 92.39 0.84 0.00 0.00 0.35 90.11 6.23

Industrial

Base 4.17 0.21 3.13 0.00 0.16 0.00 0.00 0.42 0.25

2015 4.18 0.21 3.13 0.00 0.16 0.00 0.00 0.42 0.25

2020 4.19 0.21 3.14 0.00 0.16 0.00 0.00 0.42 0.25

2030 4.21 0.21 3.16 0.00 0.16 0.00 0.00 0.42 0.25

2040 4.23 0.21 3.18 0.00 0.16 0.00 0.00 0.42 0.25

2050 4.26 0.21 3.21 0.00 0.16 0.00 0.00 0.42 0.25

2060 4.28 0.21 3.24 0.00 0.16 0.00 0.00 0.42 0.25

Agriculture/Irrigation

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Power

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total

Base 117.31 0.21 66.70 0.55 0.16 0.00 0.29 43.62 5.78

2015 122.70 0.21 69.47 0.65 0.16 0.00 0.29 46.09 5.82

2020 133.16 0.21 74.88 0.68 0.16 0.00 0.30 51.04 5.89

2030 147.94 0.21 81.42 0.70 0.16 0.00 0.31 59.11 6.03

2040 161.06 0.21 85.37 0.80 0.16 0.00 0.32 68.02 6.18

2050 176.93 0.21 90.10 0.82 0.16 0.00 0.33 78.97 6.33

2060 194.20 0.21 95.63 0.84 0.16 0.00 0.35 90.53 6.48

Year



Base Year 2060

Industrial

Withdrawals 2010‐2012 Average 10.0 15.5 0.92
Returns 2010‐2012 Average 4.2 4.3 0.06
Net Withdrawals 2010‐2012 Average 5.8 11.2 1.37

Public Water/ Wastewater

Withdrawals 2010‐2012 Average 133.4 223.8 1.08
Returns 2010‐2012 Average 113.1 189.9 1.08
Net Withdrawals 2010‐2012 Average 20.2 33.9 1.08

Agriculture/Irrigation

Withdrawals 2010‐2012 Average 43.2 43.2 0.00
Returns 2010‐2012 Average 0.0 0.0 n/a
Net Withdrawals 2010‐2012 Average 43.2 43.2 0.00

Subtotal (Excluding Power)‐ Net Withdrawals 2010‐2012 Average 69.2 88.3 0.51
Public Water Supply/Wastewater and Industrial 26.1 45.1

Power

Net Withdrawals 2010‐2012 Average 4.4 77.8 6.15
Returns 2010‐2012 Average 0.0 0.0 n/a
Net Withdrawals 2010‐2012 Average 4.4 77.8 6.15

Total Basin‐ Net Withdrawals 2010‐2012 Average 73.7 166.1 1.71

Yadkin River Water Supply Study 

Net Withdrawal Projection and Comparison with Historical and Forecasted Populations

(Alternative 11)

Flow

Water User Category Base Year AGR
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Population Projections Years Start Year End Year AGR

United States 2010‐2030 308,745,538 369,662,000 0.90

2030‐2050 369,662,000 420,268,000 0.64

2040‐2050 389,934,000 420,268,000 0.75

2010‐2050 308,745,538 420,268,000 0.77

South Carolina1, 3 2010‐2035 4,625,364 5,722,720 0.86

    Yadkin River Basin 2010‐2035 75,667 74,220 ‐0.08

Chesterfield 2010‐2035 46,734 49,140 0.20

Marlboro 2010‐2035 28,933 25,080 ‐0.57

Virginia4 2010‐2040 8,001,024 10,530,228 0.69

    Yadkin River Basin 2010‐2040 64,065 64,609 0.02

Carroll 2010‐2040 30,042 31,187 0.09

Grayson 2010‐2040 15,533 14,520 ‐0.17

Patrick 2010‐2040 18,490 18,902 0.06

North Carolina2, 3 2010‐2030 9,535,483 11,576,088 0.97

    Yadkin River Basin 2010‐2030 3,418,431 4,219,846 1.06

Alexander 2010‐2030 37,198 37,276 0.01

Alleghany 2010‐2030 11,155 11,137 ‐0.01

Anson 2010‐2030 26,948 26,425 ‐0.10

Ashe 2010‐2030 27,281 27,649 0.07

Cabarrus 2010‐2030 178,011 237,929 1.46

Caldwell 2010‐2030 83,029 81,667 ‐0.08

Davidson 2010‐2031 162,878 169,749 0.21

Davie 2010‐2030 41,240 43,626 0.28

Forsyth 2010‐2030 350,670 393,805 0.58

Guilford 2010‐2030 488,406 601,279 1.04

Iredell 2010‐2030 159,437 199,982 1.14

Mecklenburg 2010‐2030 919,628 1,360,364 1.98

Montgomery 2010‐2030 27,798 27,489 ‐0.06

Randolph 2010‐2030 141,752 143,669 0.07

Richmond 2010‐2030 46,639 45,593 ‐0.11

Rowan 2010‐2030 138,428 146,442 0.28

Scotland 2010‐2030 36,157 33,904 ‐0.32

Stanly 2010‐2030 60,585 64,565 0.32

Stokes 2010‐2030 47,401 43,614 ‐0.42

Surry 2010‐2030 73,673 73,367 ‐0.02

Union 2010‐2030 201,292 285,500 1.76

Watauga 2010‐2030 51,079 57,214 0.57

Wilkes 2010‐2030 69,340 70,511 0.08

Yadkin 2010‐2030 38,406 37,090 ‐0.17
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Historical Data Years Start Year End Year AGR

US Population History3 1970‐2010 203,302,031 308,745,538 1.05

South Carolina Historical Population3 1970‐2010 2,590,516 4,625,364 1.46

    Yadkin River Basin 1970‐2010 60,818 75,667 0.55

Chesterfield 1970‐2010 33,667 46,734 0.82

Marlboro 1970‐2010 27,151 28,933 0.16

Virginia Historical Population4 1970‐2010 4,648,494 8,001,024 1.37

    Yadkin River Basin 1970‐2010 53,813 64,065 0.44

Carroll 1970‐2010 23,092 30,042 0.66

Grayson 1970‐2010 15,439 15,533 0.02

Patrick 1970‐2010 15,282 18,490 0.48

North Carolina Historical Population3 1970‐2010 5,082,059 9,535,483 1.59

    Yadkin River Basin 1970‐2010 1,768,998 3,418,431 1.66

Alexander 1970‐2010 19,466 37,198 1.63

Alleghany 1970‐2010 8,134 11,155 0.79

Anson 1970‐2010 23,488 26,948 0.34

Ashe 1970‐2010 19,571 27,281 0.83

Cabarrus 1970‐2010 74,629 178,011 2.20

Caldwell 1970‐2010 56,699 83,029 0.96

Davidson 1970‐2010 95,627 162,878 1.34

Davie 1970‐2010 18,855 41,240 1.98

Forsyth 1970‐2010 214,348 350,670 1.24

Guilford 1970‐2010 288,590 488,406 1.32

Iredell 1970‐2010 72,197 159,437 2.00

Mecklenburg 1970‐2010 354,656 919,628 2.41

Montgomery 1970‐2010 19,267 27,798 0.92

Randolph 1970‐2010 76,358 141,752 1.56

Richmond 1970‐2010 39,889 46,639 0.39

Rowan 1970‐2010 90,035 138,428 1.08

Scotland 1970‐2011 26,929 36,157 0.74

Stanly 1970‐2012 42,822 60,585 0.87

Stokes 1970‐2013 23,782 47,401 1.74

Surry 1970‐2014 51,415 73,673 0.90

Union 1970‐2015 54,714 201,292 3.31

Watauga 1970‐2016 23,404 51,079 1.97

Wilkes 1970‐2017 49,524 69,340 0.84

Yadkin 1970‐2010 24,599 38,406 1.12

Sources

4.  Virginia data retrieved online on June 26, 2014 (http://usatoday30.usatoday.com/news/nation/census/profile/VA)
3.  U.S. Census Bereau
2. North Carolina State Office of Budget and Management
1. South Carolina Office of Research and Statistics Health & Demographics webpage
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Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 11)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR

Withdrawals
WWAI‐1 Agriculture/Irrigation‐‐‐‐W. Kerr Scott Reservoir A/I (CGL) n/a 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
NWW‐08a Blue Ridge Tissue Corp‐‐‐‐Patterson Mill IND In‐take Pump ND ND ND 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NWW‐00 New Future Industry‐‐‐‐W. Kerr Scott Reservoir IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NWH‐89 Wilkes County‐‐‐‐Wilkes County WTP (Future) PW/WU n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.8 7.0 7.2 7.4 7.5

Withdrawal Subtotal 2.5 2.5 2.5 2.6 2.6 2.7 2.7 2.7 2.7 2.7 9.5 9.7 9.9 10.1 10.3

Returns
NRW‐08b Blue Ridge Tissue Corp‐‐‐‐Patterson Mill (return) IND Subbasin 03‐07‐01 0.1 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Return Subtotal 0.1 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

W. KERR SCOTT RESERVOIR TOTAL NET WITHDRAWALS 2.4 2.3 2.3 2.5 2.5 2.5 2.5 2.5 2.5 2.5 9.3 9.5 9.7 9.9 10.0



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 11)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

HIGH ROCK LAKE

Withdrawals
HWAI‐2 Agriculture/Irrigation‐‐‐‐High Rock Lake A/I (CGL) n/a 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6
NWH‐40a Louisiana Pacific Corporation‐‐‐‐Lousiana Pacific Corporation IND Yadkin River ND ND 1.4 1.5 1.2 2.1 2.4 2.1 2.2 2.2 2.2 2.2 2.2 2.2 2.2
NWH‐46b Performance Fibers, Inc‐‐‐‐Salisbury Facility IND Second Creek ND ND ND 0.7 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NWH‐74a True Textiles, Inc‐‐‐‐True Elkin, Inc. IND Big Elkin Creek ND ND 1.0 0.8 0.4 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NWH‐00 New Future Industry‐‐‐‐High Rock Lake IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0
NWH‐18a City of King‐‐‐‐City of King WTP PW/WU Yadkin River 1.6 1.7 2.3 1.9 1.7 1.7 1.6 1.7 1.7 1.7 1.7 1.7 1.8 1.8 1.9

NWH‐19c City of Lexington‐‐‐‐Lexington WTP (Lake Thom‐A‐Lex Intake) PW/WU
Abbotts Creek (Reservoir: Lake 
Thom‐A‐Lex)

3.9 3.3 3.2 2.9 2.7 2.7 2.8 2.6 2.7 2.8 3.0 3.1 3.2 3.4 3.5

NWH‐21a City of Mount Airy‐‐‐‐F. G. Doggett WTP PW/WU Stewarts Creek 3.9 2.6 2.2 1.6 1.6 1.7 1.8 2.6 2.0 2.0 2.0 2.1 2.2 2.2 2.3
NWH‐21c City of Mount Airy‐‐‐‐S. L. Spencer WTP PW/WU Lovills Creek 1.1 0.8 0.6 0.5 0.5 0.5 0.5 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.7
NWH‐22a City of Salisbury‐‐‐‐Salisbury WTP PW/WU Yadkin/South Yadkin 8.0 6.2 7.7 7.4 7.8 8.2 8.4 8.7 8.5 8.7 9.0 9.7 10.4 11.2 12.1
NWH‐23a City of Statesville‐‐‐‐City of Statesville WTP (S. Yadkin River intake) PW/WU South Yadkin River 5.2 3.9 4.1 3.4 3.1 3.3 3.2 3.1 3.2 3.9 5.0 5.4 5.8 6.3 6.8

NWH‐24a City of Thomasville‐‐‐‐City of Thomasville WTP PW/WU
Abbots Creek (Reservoir: Lake 
Thom‐A‐Lex)

3.2 2.6 3.0 ND 2.5 2.7 2.4 2.5 2.5 2.6 2.6 2.7 2.9 2.9 3.0

NWH‐25e City of Winston‐Salem‐‐‐‐P. W. Swann WTP PW/WU
Yadkin River @ Swann RWPS 
(Reservoir: W. Kerr Scott)

13.1 13.6 12.1 11.4 11.0 11.2 11.3 11.1 11.2 11.9 13.0 14.6 15.3 16.1 17.2

NWH‐25f City of Winston‐Salem‐‐‐‐R. W. Neilson WTP / R. A. Thomas WTP PW/WU
Yadkin River @ Idols RWPS 
(Reservoir: W. Kerr‐Scott)

31.5 32.7 29.0 27.4 26.4 26.8 27.1 26.7 26.9 28.5 31.3 35.1 36.6 38.7 41.3

NWH‐27a Davidson Water Inc‐‐‐‐C. O. Pickle WP PW/WU Yadkin River 9.2 10.1 11.8 11.3 10.8 11.3 10.2 9.9 10.5 10.6 10.7 11.0 11.2 11.5 11.8
NWH‐28a Davie County‐‐‐‐Cooleemee WTP PW/WU S. Yadkin 0.9 1.1 1.2 1.0 1.2 1.1 1.1 1.2 1.1 1.1 1.1 1.2 1.2 1.3 1.3
NWH‐28b Davie County‐‐‐‐Sparks Road WTP PW/WU Yadkin 1.2 1.6 1.7 1.4 1.6 1.5 1.6 1.6 1.6 1.6 1.6 1.7 1.7 1.8 1.8
NWH‐63 Town of Elkin‐‐‐‐Elkin Municipal WTP PW/WU Elkin Creek (Reservoir: Elkin) 1.4 1.1 0.9 0.9 0.8 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.8 0.8 0.8
NWH‐64 Town of Jonesville‐‐‐‐Jonesville WP PW/WU Yadkin River 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NWH‐65a Town of Mocksville‐‐‐‐Hugh A. Lagle WTP PW/WU Hunting Creek 0.8 0.8 0.9 ND ND 0.9 0.8 ND 0.9 0.9 0.9 0.9 0.9 1.0 1.0
NWH‐68a Town of North Wilkesboro‐‐‐‐North Wilkesboro WP PW/WU Reddies River 2.9 2.7 3.0 2.6 2.4 2.5 2.6 2.7 2.6 2.6 0.0 0.0 0.0 0.0 0.0
NWH‐70a Town of Pilot Mountain‐‐‐‐Pilot Mountain WTP PW/WU Toms Creek 0.9 0.4 0.3 0.2 0.2 0.2 0.3 0.3 0.2 0.3 0.3 0.3 0.3 0.3 0.3
NWH‐72b Town of Wilkesboro‐‐‐‐Wilkesboro WFP PW/WU Yadkin River 3.8 4.6 4.5 4.4 4.3 4.2 4.0 4.1 4.1 4.1 0.0 0.0 0.0 0.0 0.0

NWH‐73a Town of Yadkinville‐‐‐‐Yadkinville WTP PW/WU
South Deep Creek (Reservoir: 
Town of  Yadkinville)

1.0 0.9 0.9 0.9 0.7 0.9 0.9 0.8 0.8 0.8 0.9 0.9 0.9 0.9 0.9

NWH‐87 Energy United Water‐‐‐‐Energy United Water WTP PW/WU South Yadkin River 0.8 1.5 1.4 1.8 1.6 1.6 1.7 1.7 1.7 1.7 1.7 1.7 1.8 1.8 1.9
NNH‐30a Duke Energy Carolinas, LLC‐‐‐‐Buck Steam Station TEP Yadkin River/High Rock Lake 1.8 1.8 2.0 1.5 0.5 1.2 0.7 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NNH‐30b Duke Energy Carolinas, LLC‐‐‐‐Buck Combined Cycle Station TEP Yadkin River/High Rock Lake 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ND 0.3 2.5 2.5 2.5 2.5 2.5 2.5

NNH‐30d Duke Energy Carolinas, LLC‐‐‐‐Additional Combined Cycle Station #1 TEP
Yadkin River/High Rock Lake 
(upstream tributary)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 2.5 2.5 2.5 2.5

NNH‐30e Duke Energy Carolinas, LLC‐‐‐‐Additional Combined Cycle Station #2 TEP Yadkin River/High Rock Lake 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 2.5

Withdrawal Subtotal 120.1 118.1 119.3 109.5 107.4 111.8 110.5 109.4 110.4 116.2 118.7 126.0 130.3 137.8 143.8

Returns
NRH‐01 Allegheny Technologies, Inc‐‐‐‐ATI Allvac Monroe Plant IND Subbasin 03‐07‐14 0.2 0.1 0.1 0.2 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐40b Louisiana Pacific Corporation‐‐‐‐LP Roaring River WWTP IND Subbasin 03‐07‐01 0.9 0.9 1.2 1.4 1.3 1.4 1.2 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3

NRH‐45
P P G Industries Fiber Glass Products, Inc‐‐‐‐PPG Industries Fiber Glass 
Products

IND Subbasin 03‐07‐04 0.4 0.3 0.4 0.4 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

NRH‐46a Performance Fibers, Inc‐‐‐‐Salisbury Facility IND Subbasin 03‐07‐06 1.6 1.0 0.4 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NRH‐74b True Textiles, Inc‐‐‐‐304 East Main Street Plant IND Subbasin 03‐07‐02 1.6 0.7 0.9 0.5 0.3 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐75 Tyson Foods, Inc‐‐‐‐Harmony Plant IND Subbasin 03‐07‐06 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.3
NRH‐78 Wayne Farms LLC Bruckie Ashburn‐‐‐‐Dobson Plant IND Subbasin 03‐07‐02 0.5 0.6 0.4 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NRH‐85 Norfolk Southern Railway Company‐‐‐‐Linwood Yard IND Subbasin 03‐07‐04 0.1 0.1 0.2 0.2 0.2 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRH‐16 City of High Point‐‐‐‐Westside WWTP PW/WU Subbasin 03‐07‐07 3.4 4.0 3.7 3.6 3.6 3.5 4.1 2.8 3.5 3.6 3.7 4.1 4.5 4.9 5.3
NRH‐18b City of King‐‐‐‐City of King WTP PW/WU Subbasin 03‐07‐02 ND ND ND ND ND 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐19a City of Lexington‐‐‐‐Lexington Regional WWTP PW/WU Subbasin 03‐07‐07 3.5 3.1 2.5 2.3 3.0 3.2 2.9 2.6 2.9 3.0 3.2 3.3 3.4 3.6 3.7
NRH‐19b City of Lexington‐‐‐‐Lexington WTP #1 & 2 PW/WU Subbasin 03‐07‐07 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.5 0.5 0.5 0.5 0.6 0.6 0.6
NRH‐21b City of Mount Airy‐‐‐‐Mount Airy WWTP PW/WU Subbasin 03‐07‐03 5.0 3.2 2.0 1.5 1.6 2.1 2.1 1.7 2.0 2.0 2.0 2.1 2.1 2.2 2.2
NRH‐22b City of Salisbury‐‐‐‐Salisbury‐Rowan WWTP PW/WU Subbasin 03‐07‐04 4.5 6.8 7.3 7.2 7.8 7.7 7.1 6.3 7.0 7.2 7.5 8.0 8.7 9.3 10.1
NRH‐23b City of Statesville‐‐‐‐Fourth Creek WWTP PW/WU Subbasin 03‐07‐06 3.0 2.6 3.0 3.0 3.2 3.2 2.5 2.1 2.6 3.1 4.0 4.4 4.7 5.1 5.6
NRH‐23c City of Statesville‐‐‐‐Third Creek WWTP PW/WU Subbasin 03‐07‐06 2.0 1.3 1.4 1.2 1.3 1.5 0.9 0.8 1.1 1.4 1.7 1.9 2.0 2.2 2.4
NRH‐24b City of Thomasville‐‐‐‐Hamby Creek WWTP PW/WU Subbasin 03‐07‐07 3.0 2.7 2.7 2.5 2.4 2.5 2.2 2.1 2.3 2.3 2.3 2.4 2.6 2.6 2.7
NRH‐25a City of Winston‐Salem‐‐‐‐Archie Elledge WWTP PW/WU Subbasin 03‐07‐04 21.1 18.4 18.0 17.0 17.6 17.6 15.7 14.8 16.0 17.4 19.0 21.4 22.3 23.6 25.1
NRH‐25b City of Winston‐Salem‐‐‐‐Muddy Creek WWTP PW/WU Subbasin 03‐07‐04 13.1 14.6 15.5 14.4 14.9 15.9 15.1 15.3 15.5 15.5 17.0 19.0 19.9 21.0 22.4
NRH‐25c City of Winston‐Salem‐‐‐‐P. W. Swann WTP PW/WU Subbasin 03‐07‐02 ND ND 0.4 0.4 0.4 0.5 0.4 0.4 0.4 0.5 0.5 0.6 0.6 0.6 0.7
NRH‐25d City of Winston‐Salem‐‐‐‐R. A. Thomas WTP PW/WU Subbasin 03‐07‐04 0.8 0.8 0.7 0.6 ND ND 1.5 0.3 0.9 0.9 1.0 1.2 1.2 1.3 1.4
NRH‐27b Davidson Water Inc‐‐‐‐Davidson Water WTP PW/WU Subbasin 03‐07‐04 0.2 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
NRH‐28c Davie County‐‐‐‐Sparks Road WTP PW/WU Subbasin 03‐07‐02 ND ND 0.1 0.1 0.2 0.2 1.1 1.5 0.9 0.9 0.9 1.0 1.0 1.0 1.0
NRH‐28d Davie County‐‐‐‐Cooleemee WWTP PW/WU Subbasin 03‐07‐06 0.9 0.6 0.4 0.5 0.5 0.6 0.5 0.5 0.6 0.6 0.6 0.6 0.6 0.6 0.7
NRH‐58 Town of Bermuda Run‐‐‐‐Bermuda Run WWTP PW/WU Subbasin 03‐07‐02 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐60 Town of Boonville‐‐‐‐Boonville WWTP PW/WU Subbasin 03‐07‐02 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRH‐62 Town of Dobson‐‐‐‐Dobson WWTP PW/WU Subbasin 03‐07‐02 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRH‐65b Town of Mocksville‐‐‐‐Bear Creek WWTP PW/WU Subbasin 03‐07‐06 0.2 0.2 0.2 0.2 ND ND ND ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NRH‐65c Town of Mocksville‐‐‐‐Dutchman Creek WWTP PW/WU Subbasin 03‐07‐05 0.4 0.5 0.5 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.5 0.5
NRH‐68b Town of North Wilkesboro‐‐‐‐Thurman Street WWTP PW/WU Subbasin 03‐07‐01 0.9 0.8 0.7 0.6 0.8 0.7 0.8 0.9 0.8 0.8 0.8 0.8 0.9 0.9 0.9
NRH‐70b Town of Pilot Mountain‐‐‐‐Pilot Mountain WTP PW/WU Subbasin 03‐07‐03 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 11)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

NRH‐70c Town of Pilot Mountain‐‐‐‐Pilot Mountain WWTP PW/WU Subbasin 03‐07‐03 0.8 0.4 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRH‐72a Town of Wilkesboro‐‐‐‐Cub Creek WWTP PW/WU Subbasin 03‐07‐01 3.2 3.4 3.1 2.7 3.1 3.5 3.6 3.7 3.6 3.6 3.7 3.7 3.8 3.9 4.0
NRH‐73b Town of Yadkinville‐‐‐‐Yadkinville WWTP PW/WU Subbasin 03‐07‐02 0.7 0.6 0.7 0.7 0.7 0.8 0.8 0.7 0.8 0.8 0.8 0.8 0.8 0.8 0.8

NRH‐81
Yadkin Valley Sewer Authority, Inc‐‐‐‐Yadkin Valley Sewer Authority 
WWTP

PW/WU Subbasin 03‐07‐02 0.9 0.7 0.5 0.6 0.6 0.5 0.7 0.7 0.6 0.6 0.6 0.6 0.6 0.7 0.7

NRH‐86 Town of Cleveland‐‐‐‐Cleveland WWTP PW/WU Subbasin 03‐07‐06 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Return Subtotal 73.8 70.1 68.8 64.7 66.9 69.1 67.1 62.4 66.7 69.5 74.9 81.4 85.4 90.1 95.6

HIGH ROCK LAKE TOTAL NET WITHDRAWALS 46.3 47.9 50.6 44.8 40.6 42.7 43.4 47.0 43.7 46.7 43.8 44.6 44.9 47.7 48.1

TUCKERTOWN RESERVOIR

Withdrawals
TWAI‐3 Agriculture/Irrigation‐‐‐‐Tuckertown Reservoir A/I (CGL) n/a 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
NWT‐00 New Future Industry‐‐‐‐Tuckertown Reservoir IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

NWT‐14b City of Albemarle‐‐‐‐Tuckertown WTP PW/WU
Yadkin River (Reservoir: 
Tuckertown)

3.0 3.3 2.4 2.6 2.2 2.4 ND 2.4 2.4 3.9 4.2 4.4 5.8 5.9 6.0

NWT‐61a Town of Denton‐‐‐‐Denton WP PW/WU
Yadkin River (Reservoir: 
Tuckertown Reservoir)

0.9 1.4 1.4 ND 1.3 1.3 1.2 1.2 1.2 1.2 1.3 1.3 1.3 1.3 1.4

Withdrawal Subtotal 4.4 5.2 4.3 3.1 4.0 4.2 1.7 4.1 4.1 5.6 6.5 6.7 8.1 8.3 8.4

Returns
NRT‐14c City of Albemarle‐‐‐‐Tuckertown WTP PW/WU Subbasin 03‐07‐08 0.0 0.0 0.0 0.0 0.0 0.2 0.1 0.1 0.2 0.3 0.3 0.3 0.4 0.4 0.4
NRT‐61b Town of Denton‐‐‐‐Denton WWTP PW/WU Subbasin 03‐07‐08 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.5

Return Subtotal 0.4 0.4 0.4 0.4 0.5 0.6 0.5 0.5 0.6 0.7 0.7 0.7 0.8 0.8 0.8

TUCKERTOWN RESERVOIR TOTAL NET WITHDRAWALS 4.0 4.8 3.9 2.7 3.5 3.6 1.2 3.6 3.6 5.0 5.8 6.0 7.3 7.4 7.6



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 11)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

NARROWS RESERVOIR (BADIN LAKE)

Withdrawals
NWAI‐4 Agriculture/Irrigation‐‐‐‐Narrows Reservoir (Badin Lake) A/I (CGL) n/a 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NWN‐00 New Future Industry‐‐‐‐Narrows Reservoir (Badin Lake) IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

NWN‐14d City of Albemarle‐‐‐‐US 52 HWY WTP PW/WU
Yadkin River at Narrows 
(Reservoir: Narrows (Badin Lake))

3.8 4.2 3.1 3.3 2.8 3.1 ND 3.0 3.0 5.4 6.7 7.3 10.0 10.8 11.4

Withdrawal Subtotal 4.0 4.5 3.3 3.5 3.0 3.3 0.2 3.2 3.3 5.7 7.5 8.1 10.7 11.5 12.1

Returns
NRN‐02 Aluminum Company Of America‐‐‐‐Badin Works IND Subbasin 03‐07‐08 0.6 0.3 0.1 0.3 0.3 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Return Subtotal 0.6 0.3 0.1 0.3 0.3 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

NARROWS RESERVOIR (BADIN LAKE) TOTAL NET WITHDRAWALS 3.5 4.2 3.2 3.3 2.7 3.1 0.1 3.1 3.1 5.5 7.3 7.9 10.6 11.4 12.0

FALLS RESERVOIR

Withdrawals
FWAI‐5 Agriculture/Irrigation‐‐‐‐Falls Reservoir A/I (CGL) n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NWF‐00 New Future Industry‐‐‐‐Falls Reservoir IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

Withdrawal Subtotal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5

Returns

None None None ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

None None None ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

None None None ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

Return Subtotal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

FALLS RESERVOIR TOTAL NET WITHDRAWALS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 11)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

LAKE TILLERY

Withdrawals
LWAI‐6 Agriculture/Irrigation‐‐‐‐Lake Tillery A/I (CGL) n/a 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8
NWL‐00 New Future Industry‐‐‐‐Lake Tillery IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0

NWB‐76e
Union County Public Works‐‐‐‐Planned Yadkin River Water Intake 
(Future)

PW/WU n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.1 11.8 16.5 18.8

NWL‐05b Asheboro‐‐‐‐W. L. Brown Jr WTP (Lake Lucas intake) PW/WU Back Creek (Reservoir: Lake Lucas) 1.7 1.8 1.9 1.8 1.5 1.6 1.6 1.6 1.6 2.1 2.9 3.3 3.6 4.1 4.5

NWL‐05c Asheboro‐‐‐‐W. L. Brown Jr WTP (Lake Reese intake) PW/WU Uwharrie (Reservoir: Lake Reese) 3.1 3.3 3.3 3.1 2.7 2.8 2.8 2.8 2.8 3.7 5.1 5.8 6.3 7.2 7.9

NWL‐42 Montgomery County‐‐‐‐Montgomery County WTP PW/WU
LAKE TILLERY (Reservoir: Lake 
Tillery)

2.5 3.1 3.5 3.9 3.0 2.4 2.1 2.2 2.2 2.3 2.3 2.3 2.4 2.5 2.5

NWL‐69a Town of Norwood‐‐‐‐Norwood WTP PW/WU
Yadkin River (Reservoir: Lake 
Tillery)

0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.4 0.4 0.5 0.5 0.5 0.5 0.5 0.5

NNH‐30g Duke Energy Carolinas, LLC‐‐‐‐Additional Nuclear Plant #2 TEP
Yadkin River (Reservoir: Lake 
Tillery)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 32.2 32.2

Withdrawal Subtotal 10.6 11.4 11.9 12.0 10.5 10.0 9.7 9.8 9.9 11.3 14.6 22.8 28.4 66.7 70.2

Returns
NRL‐34 Greater Badin Water & Sewer District‐‐‐‐Badin WWTP PW/WU Subbasin 03‐07‐08 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Return Subtotal 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

LAKE TILLERY TOTAL NET WITHDRAWALS 10.1 10.9 11.7 11.7 10.2 9.7 9.4 9.5 9.6 11.0 14.3 22.5 28.0 66.4 69.9

BLEWETT FALLS LAKE

Withdrawals
BWAI‐7 Agriculture/Irrigation‐‐‐‐Blewett Falls Lake A/I (CGL) n/a 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5

NWB‐35b Hedrick Industries‐‐‐‐Aquadale Quarry (Pump 1 ‐ Fresh Water Pond) IND Pump 1 ‐ Fresh Water Pond ND ND ND 0.4 0.2 0.3 0.4 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4

NWB‐35c Hedrick Industries‐‐‐‐Aquadale Quarry (Pump 2 ‐ Cement Pond) IND Pump 2 ‐ Cement Pond ND ND ND 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NWB‐55 Teledyne Allvac‐‐‐‐Monroe Plant IND Lower Pond ND ND ND ND 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
NWB‐56 The Fork, LLC‐‐‐‐The Fork, LLC IND Rocky River ND ND 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
NWB‐00 New Future Industry‐‐‐‐Blewett Falls Lake IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0

NWB‐03a Anson County‐‐‐‐Anson County Filtration Plant PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

5.5 6.0 6.0 5.4 5.7 6.6 6.8 5.7 4.6 4.6 4.7 4.8 4.9 5.0 5.2

NWB‐03b
Anson County‐‐‐‐Anson County Filtration Plant (treated wholesale to 
UCPW)

PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.8 2.4 2.4 0.0 0.0 0.0 0.0

NWB‐03c Anson County‐‐‐‐Anson County Filtration Plant (raw wholesale to UCPW) PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

NWB‐15a City of Concord‐‐‐‐Coddle Creek WTP PW/WU
Coddle Creek (Reservoir: Lake Don 
T. Howell)

6.8 7.8 9.6 ND 8.0 8.0 8.0 8.0 8.0 7.3 8.3 8.5 9.1 12.2 14.1

NWB‐15d City of Concord‐‐‐‐Hillgrove WTP (Lake Fisher intake) PW/WU
Cold Water Creek (Reservoir: Lake 
Fisher)

2.1 2.4 2.9 ND 2.5 2.5 2.5 2.5 2.5 2.3 2.5 2.6 2.8 3.8 4.3

NWB‐17a City of Kannapolis‐‐‐‐City of Kannapolis WTP PW/WU
Irish Buffalo Creek (Reservoir: 
Kannapolis Lake)

6.5 5.4 7.8 5.4 7.6 3.8 4.9 3.4 4.1 3.2 3.7 3.7 4.0 5.4 6.2

NWB‐17c
City of Kannapolis‐‐‐‐City of Kannapolis WTP (supplemental intake ‐ Lake 
Howell)

PW/WU
Coddle Creek (Reservoir: Lake 
Howell)

0.7 0.6 0.9 0.6 0.9 0.4 0.6 0.4 0.5 0.4 0.4 0.4 0.5 0.6 0.7

NWB‐20a City of Monroe‐‐‐‐John Glenn WTP PW/WU
Stewarts Creek (Reservoir: Lake 
Twitty)

7.0 6.9 6.2 ND 5.7 6.0 6.2 5.9 6.0 6.4 7.0 8.3 9.9 11.7 13.9

NWB‐77a Water and Sewer Authority of Cabarrus County‐‐‐‐Mt. Pleasant WTF PW/WU Dutch Buffalo Creek 0.3 0.3 0.3 0.2 0.2 0.3 0.3 0.2 0.3 0.3 0.3 0.4 0.4 0.5 0.5

NWB‐88 Richmond County‐‐‐‐Richmond County WTP PW/WU
Pee Dee River (Reservoir: Blewett 
Falls Lake)

3.7 3.2 3.9 3.3 2.7 3.0 3.7 ND 3.4 3.4 3.4 3.5 3.6 3.7 3.8

NNB‐30c Duke Energy Carolinas, LLC‐‐‐‐Smith Energy Complex TEP n/a 0.0 ND 0.8 0.9 1.2 1.7 3.3 4.2 4.2 6.0 6.0 6.0 6.0 6.0 6.0

NNH‐30f Duke Energy Carolinas, LLC‐‐‐‐Additional Nuclear Plant #1 TEP
Pee Dee River (Reservoir: Blewett 
Falls Lake)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 32.2 32.2

Withdrawal Subtotal 44.0 44.1 50.2 28.1 48.7 46.5 50.5 44.7 49.5 50.5 53.9 53.5 56.5 96.4 102.2



Catawba‐Wateree Basin Water Use Projections: Withdrawals, Returns, and Net Withdrawals (Alternative 11)

Proj ID Entity Entity Type Source Water Historical Water Use (MGD) Projected Water Use (MGD) 

1997 2002 2007 2008 2009 2010 2011 2012 Base 2015 2020 2030 2040 2050 2060

Returns
NRB‐35a Hedrick Industries‐‐‐‐Aquadale Quarry IND Subbasin 03‐07‐13 1.2 ND 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
NRB‐83 Carolina Stalite Company‐‐‐‐Carolina Stalite Company IND Subbasin 03‐07‐13 0.8 0.5 0.5 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
NRB‐13 Charlotte Mecklenburg Utility Department‐‐‐‐Mallard Creek WWTP PW/WU Subbasin 03‐07‐11 5.1 5.5 7.8 7.5 8.2 7.9 8.4 7.9 8.1 8.6 9.6 11.4 13.6 16.3 19.4
NRB‐14a City of Albemarle‐‐‐‐Long Creek WWTP PW/WU Subbasin 03‐07‐13 8.1 9.1 7.4 5.5 6.1 5.7 5.3 5.0 5.3 5.7 6.4 6.8 6.9 7.2 7.4
NRB‐15b City of Concord‐‐‐‐Coddle Creek WTP PW/WU Subbasin 03‐07‐11 0.4 1.0 0.2 0.1 0.3 0.4 0.4 0.3 0.4 0.3 0.4 0.4 0.4 0.5 0.6
NRB‐17b City of Kannapolis‐‐‐‐City of Kannapolis WTP PW/WU Subbasin 03‐07‐12 0.6 0.2 0.4 0.3 0.3 0.3 0.3 0.2 0.3 0.2 0.3 0.3 0.3 0.4 0.4
NRB‐20b City of Monroe‐‐‐‐John Glenn WTP PW/WU Subbasin 03‐07‐14 0.4 0.3 0.8 0.8 0.8 0.7 0.7 0.8 0.7 0.8 0.9 1.0 1.2 1.4 1.7
NRB‐20c City of Monroe‐‐‐‐Monroe WWTP PW/WU Subbasin 03‐07‐14 7.1 6.6 6.5 6.4 6.4 6.4 5.8 6.0 6.1 6.4 7.0 8.3 9.9 11.8 14.0
NRB‐20d City of Monroe‐‐‐‐Monroe WWTP (allotment to Union County) PW/WU Subbasin 03‐07‐14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2 1.5 2.1 3.4 4.7 6.6 7.6
NRB‐52 Stanly County‐‐‐‐West Stanly WWTP PW/WU Subbasin 03‐07‐14 0.4 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.5
NRB‐59 Town of Biscoe‐‐‐‐Biscoe WWTP PW/WU Subbasin 03‐07‐15 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRB‐66 Town of Mooresville‐‐‐‐Rocky River WWTP (Town of Mooresville) PW/WU Subbasin 03‐07‐11 3.0 2.5 2.9 3.0 3.2 3.4 3.3 3.4 3.4 3.5 3.7 4.2 4.6 5.2 5.8
NRB‐67 Town of Mount Gilead‐‐‐‐Mount Gilead WWTP PW/WU Subbasin 03‐07‐10 0.4 0.4 0.4 0.3 0.1 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRB‐69b Town of Norwood‐‐‐‐Norwood WWTP PW/WU Subbasin 03‐07‐14 0.5 0.4 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
NRB‐71 Town of Troy‐‐‐‐Troy WWTP PW/WU Subbasin 03‐07‐15 0.6 0.6 0.5 0.4 0.4 0.4 0.4 0.5 0.4 0.4 0.5 0.5 0.5 0.5 0.5
NRB‐76a Union County Public Works‐‐‐‐Crooked Creek WWTP #2 PW/WU Subbasin 03‐07‐12 1.1 1.2 1.3 1.1 1.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

NRB‐76a(F) Union County Public Works‐‐‐‐Crooked Creek WWTP #2 (Future) PW/WU Subbasin 03‐07‐12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.1 1.5 1.5 1.5 1.5 1.5
NRB‐76b Union County Public Works‐‐‐‐Hunley Creek WWTP PW/WU Subbasin 03‐07‐12 0.1 0.2 ND ND ND ND ND ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NRB‐76c Union County Public Works‐‐‐‐Grassy Branch WWTP PW/WU Subbasin 03‐07‐12 ND 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1
NRB‐76d Union County Public Works‐‐‐‐Tallwood Estates WWTP PW/WU Subbasin 03‐07‐12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1

NRB‐77c
Water and Sewer Authority of Cabarrus County‐‐‐‐Rocky River WWTP 
(WSACC)

PW/WU Subbasin 03‐07‐12 17.1 14.6 14.7 14.3 14.7 14.4 14.2 13.9 14.2 14.9 16.1 18.4 21.1 24.1 27.7

NRB‐84 City of Charlotte‐‐‐‐Cabarrus Woods WWTP PW/WU Subbasin 03‐07‐11 0.3 0.4 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.5 0.5 0.6 0.6 0.7 0.8
NRB‐04 Aqua North Carolina, Inc‐‐‐‐Country Wood WWTP PW/WU (D) Subbasin 03‐07‐12 0.0 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.4 0.4 0.5
NRB‐09 Bradfield Farms Water Company‐‐‐‐Bradfield Farms WWTP PW/WU (D) Subbasin 03‐07‐11 0.1 0.1 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.5 0.5 0.7

NRB‐11 Carolina Water Service Inc of North Carolina‐‐‐‐Hemby Acres WWTP PW/WU (D) Subbasin 03‐07‐12 0.1 0.1 0.1 0.5 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2

Return Subtotal 47.9 44.5 45.3 42.4 44.0 43.2 42.4 41.6 43.6 46.1 51.0 59.1 68.0 79.0 90.5

BLEWETT FALLS LAKE TOTAL NET WITHDRAWALS ‐3.9 ‐0.4 4.9 ‐14.3 4.7 3.3 8.1 3.1 5.9 4.4 2.8 ‐5.6 ‐11.6 17.4 11.7

DOWNSTREAM OF BLEWETT FALLS LAKE (NC)

Withdrawals
DWAI‐8 Agriculture/Irrigation‐‐‐‐Downstream of Blewett Falls Lake (NC) A/I (CGL) n/a 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
NWD‐00 New Future Industry‐‐‐‐Downstream of Blewett Falls Lake (NC) IND‐F n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0
NWD‐94a B.V. Hedrick Gravel And Sand Co.‐‐‐‐Hedrick Mine (Pump House ‐ 1) IND Pump House ‐ 1 ND ND ND 1.7 2.1 2.1 1.8 0.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
NWD‐94b B.V. Hedrick Gravel And Sand Co.‐‐‐‐Hedrick Mine (Pump House ‐ 3) IND Pump House ‐ 3 ND ND ND 1.7 2.1 2.0 1.8 0.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
NWD‐94c B.V. Hedrick Gravel And Sand Co.‐‐‐‐Hedrick Mine (Pump House ‐ 4) IND Pump House ‐ 4 ND ND ND 1.7 2.1 2.1 1.8 0.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4

NWD‐91a City of Hamlet‐‐‐‐Hamlet WTP PW/WU
Hamlet Water System (Reservoir: 
Hamlet Water Lake)

1.4 1.5 1.2 1.1 1.1 1.2 1.1 1.2 1.2 1.2 1.2 1.2 1.3 1.3 1.3

NWD‐90b City of Rockingham‐‐‐‐Rockingham WTP (City Pond intake) PW/WU City Pond (Reservoir: City Pond) 1.1 0.8 1.1 0.9 0.9 0.8 1.0 1.1 1.0 1.0 1.0 1.0 1.0 1.1 1.1

NWD‐90c City of Rockingham‐‐‐‐Rockingham WTP (Roberdel Lake intake) PW/WU
Roberdel Lake (Reservoir: 
Roberdel Lake)

2.1 1.6 2.1 1.8 1.7 1.7 2.0 2.2 2.0 2.0 2.0 2.0 2.1 2.1 2.2

NWD‐93 Town of Wadesboro‐‐‐‐Town of Wadesboro WTP PW/WU Jones Creek (Reservoir: City Pond) 1.4 0.9 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.9 0.9 0.9

Withdrawal Subtotal 8.0 6.8 7.2 11.7 12.8 12.7 12.4 8.4 11.2 11.2 12.3 12.4 12.5 12.6 12.8

Returns
NRD‐03d Anson County‐‐‐‐Anson County Regional WWTP PW/WU Subbasin 03‐07‐16 2.4 1.1 1.3 1.4 1.3 1.4 1.2 1.4 1.3 1.3 1.4 1.4 1.4 1.5 1.5
NRD‐03e Anson County‐‐‐‐Anson County Filtration Plant PW/WU Subbasin 03‐07‐16 0.6 0.6 0.7 0.7 0.7 0.5 0.5 0.6 0.5 0.5 0.5 0.5 0.6 0.6 0.6
NRD‐92 Burlington Industries LLC‐‐‐‐Richmond Plant IND Subbasin 03‐07‐16 0.5 0.5 0.3 0.3 0.2 0.3 0.3 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3
NRD‐91b City of Hamlet‐‐‐‐Hamlet WWTP PW/WU Subbasin 03‐07‐16 0.7 0.8 0.7 0.8 0.7 0.8 0.7 0.6 0.7 0.7 0.7 0.7 0.7 0.8 0.8
NRD‐90a City of Rockingham‐‐‐‐Rockingham WWTP PW/WU Subbasin 03‐07‐16 4.8 4.3 3.8 4.1 3.1 2.7 2.4 3.0 2.7 2.7 2.8 2.8 2.9 3.0 3.1
NRD‐88b Richmond County‐‐‐‐Richmond County WTP PW/WU Subbasin 03‐07‐16 0.1 0.2 0.3 0.3 0.4 0.4 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Return Subtotal 9.1 7.5 7.0 7.5 6.3 6.0 5.3 6.0 5.8 5.8 5.9 6.0 6.2 6.3 6.5

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) TOTAL NET WITHDRAWALS ‐1.1 ‐0.7 0.2 4.2 6.4 6.7 7.1 2.4 5.4 5.4 6.4 6.4 6.3 6.3 6.3

GRAND TOTAL (ALL BASINS)
WITHDRAWALS 185.6 185.7 191.7 158.8 176.3 178.5 175.3 174.0 179.8 192.0 211.2 227.3 244.3 331.3 347.5

RETURNS 123.2 115.9 115.0 108.3 112.1 113.6 110.7 105.1 111.5 116.9 127.3 141.9 154.9 170.6 187.7

NET WITHDRAWALS 62.4 69.8 76.6 50.6 64.2 65.0 64.6 68.9 68.3 75.1 83.9 85.4 89.5 160.7 159.8



Projected Net Withdrawals by Month (mgd) (Alternative 11)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Public Water/Wastewater Utilities

Base 20.23 1.50 0.93 ‐6.20 8.74 23.81 40.24 44.94 42.76 36.83 29.16 15.69 3.40

2015 22.96 3.20 2.52 ‐4.90 10.87 26.82 44.06 48.79 46.53 40.51 32.28 18.35 5.44

2020 24.82 3.30 2.58 ‐5.40 11.67 28.91 47.70 52.82 50.43 43.92 35.03 19.92 5.80

2030 26.30 1.64 0.86 ‐7.73 11.82 31.49 52.19 57.95 54.94 47.81 37.95 20.73 4.75

2040 30.35 3.01 1.93 ‐7.18 14.67 36.75 58.96 65.12 61.47 54.04 43.33 24.40 6.47

2050 34.77 4.25 2.77 ‐6.90 17.66 42.48 66.62 73.46 69.11 61.00 49.46 28.14 7.80

2060 33.86 0.51 ‐1.22 ‐11.61 15.45 42.51 68.44 75.99 70.97 62.36 50.12 26.84 4.40

Industrial

Base 5.84 5.41 5.49 5.41 5.49 5.45 5.60 5.70 5.53 5.78 7.25 7.15 5.68

2015 5.83 5.40 5.48 5.41 5.49 5.45 5.59 5.69 5.53 5.77 7.25 7.14 5.67

2020 11.32 10.89 10.97 10.90 10.98 10.94 11.09 11.18 11.02 11.26 12.74 12.63 11.16

2030 11.30 10.87 10.95 10.88 10.96 10.92 11.07 11.16 11.00 11.24 12.71 12.61 11.14

2040 11.28 10.84 10.92 10.86 10.94 10.90 11.04 11.14 10.98 11.22 12.69 12.59 11.12

2050 11.25 10.81 10.90 10.83 10.92 10.87 11.02 11.12 10.96 11.19 12.66 12.56 11.09

2060 11.23 10.78 10.86 10.80 10.89 10.84 10.99 11.09 10.93 11.17 12.63 12.53 11.06

Agriculture/Irrigation

Base 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2015 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2020 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2030 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2040 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2050 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2060 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

Power

Base 4.44 3.75 4.93 4.72 4.05 4.27 4.82 6.31 5.59 4.27 2.82 3.47 4.24

2015 8.49 8.27 8.50 8.48 8.51 8.55 8.75 8.87 8.89 8.73 8.40 8.04 7.89

2020 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2030 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2040 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2050 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

2060 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

Total

Base 73.68 12.50 14.32 14.92 46.51 88.39 150.89 181.35 156.76 106.79 62.57 32.53 15.62

2015 80.46 18.72 19.48 19.98 53.10 95.68 158.64 187.76 163.82 114.92 71.27 39.75 21.30

2020 90.30 26.58 27.53 27.44 61.90 105.81 170.52 200.15 176.10 126.55 81.91 48.85 29.05

2030 91.76 24.89 25.79 25.10 62.03 108.36 174.99 205.25 180.59 130.41 84.80 49.64 27.97

2040 95.79 26.24 26.83 25.62 64.86 113.60 181.73 212.40 187.09 136.62 90.16 53.29 29.67

2050 167.00 99.80 96.90 88.46 128.57 180.62 259.19 294.51 268.43 211.13 159.54 119.15 96.19

2060 166.06 96.02 92.88 83.73 126.34 180.62 260.99 297.01 270.27 212.46 160.16 117.82 92.76

Year

Annual 

Average

Month



Projected Withdrawals by Month (mgd) (Alternative 11)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Public Water/Wastewater Utilities

Base 133.37 124.27 122.00 121.49 126.39 136.71 149.28 148.91 149.80 143.65 134.49 123.73 119.08

2015 141.48 131.77 129.41 128.89 134.09 145.09 158.30 157.72 158.68 152.48 142.59 131.49 126.56

2020 153.79 143.25 140.70 140.21 145.75 157.61 171.97 171.30 172.48 165.80 155.07 143.03 137.57

2030 170.03 157.62 154.82 154.49 161.19 174.83 190.63 189.99 191.05 183.65 171.72 157.94 151.63

2040 187.19 173.17 170.01 169.83 177.57 193.04 210.00 209.23 210.11 202.27 189.24 174.07 166.84

2050 207.44 191.56 187.91 187.99 196.90 214.40 232.86 232.17 232.93 224.25 210.07 192.87 184.47

2060 223.77 206.49 202.49 202.74 212.49 231.47 251.24 250.58 251.32 241.95 226.73 207.97 198.79

Industrial

Base 10.01 9.94 9.90 9.82 9.85 9.72 9.60 9.83 9.95 10.00 11.11 10.87 9.53

2015 10.01 9.94 9.90 9.82 9.85 9.72 9.60 9.83 9.95 10.00 11.11 10.87 9.53

2020 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2030 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2040 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2050 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

2060 15.51 15.44 15.40 15.32 15.35 15.22 15.10 15.33 15.45 15.50 16.61 16.37 15.03

Agriculture/Irrigation

Base 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2015 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2020 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2030 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2040 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2050 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

2060 43.18 1.85 2.98 10.98 28.23 54.85 100.23 124.41 102.87 59.90 23.34 6.22 2.30

Power

Base 4.44 3.75 4.93 4.72 4.05 4.27 4.82 6.31 5.59 4.27 2.82 3.47 4.24

2015 8.49 8.27 8.50 8.48 8.51 8.55 8.75 8.87 8.89 8.73 8.40 8.04 7.89

2020 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2030 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2040 10.98 10.54 11.00 10.96 11.02 11.10 11.50 11.74 11.78 11.46 10.80 10.08 9.78

2050 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

2060 77.80 82.88 80.25 73.55 71.76 72.42 81.32 85.52 85.50 79.04 74.08 72.23 75.00

Total

Base 191.00 139.80 139.80 147.01 168.53 205.55 263.93 289.46 268.21 217.82 171.76 144.30 135.14

2015 203.16 151.82 150.79 158.17 180.69 218.21 276.89 300.83 280.38 231.11 185.45 156.63 146.28

2020 223.46 171.07 170.08 177.47 200.35 238.78 298.80 322.78 302.58 252.66 205.82 175.71 164.68

2030 239.70 185.45 184.19 191.75 215.79 256.00 317.47 341.47 321.15 270.50 222.47 190.62 178.74

2040 256.86 200.99 199.39 207.09 232.18 274.22 336.83 360.71 340.20 289.13 239.99 206.74 193.94

2050 343.93 291.72 286.54 287.84 312.25 356.89 429.52 457.43 436.74 378.68 324.10 287.69 276.79

2060 360.26 306.66 301.12 302.58 327.84 373.96 447.90 475.84 455.13 396.38 340.76 302.80 291.12

Year

Annual 

Average

Month



Projected Returns by Month (mgd) (Alternative 11)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Public Water/Wastewater Utilities

Base 113.14 122.77 121.07 127.69 117.65 112.90 109.04 103.97 107.03 106.82 105.33 108.04 115.68

2015 118.52 128.57 126.90 133.78 123.22 118.27 114.24 108.93 112.15 111.97 110.31 113.14 121.12

2020 128.98 139.95 138.13 145.61 134.07 128.69 124.27 118.49 122.05 121.88 120.03 123.12 131.77

2030 143.73 155.98 153.95 162.21 149.37 143.34 138.45 132.05 136.11 135.84 133.78 137.21 146.88

2040 156.83 170.16 168.09 177.01 162.90 156.29 151.05 144.12 148.64 148.23 145.91 149.66 160.37

2050 172.67 187.30 185.14 194.89 179.24 171.93 166.24 158.70 163.82 163.24 160.61 164.73 176.67

2060 189.91 205.98 203.71 214.34 197.04 188.96 182.80 174.59 180.34 179.59 176.62 181.14 194.39

Industrial

Base 4.17 4.53 4.41 4.40 4.36 4.27 4.00 4.14 4.41 4.22 3.86 3.73 3.85

2015 4.18 4.54 4.41 4.41 4.37 4.27 4.01 4.14 4.42 4.22 3.87 3.73 3.85

2020 4.19 4.55 4.42 4.42 4.38 4.28 4.02 4.15 4.43 4.23 3.88 3.74 3.86

2030 4.21 4.57 4.45 4.44 4.40 4.30 4.04 4.17 4.45 4.25 3.90 3.76 3.88

2040 4.23 4.60 4.47 4.46 4.42 4.32 4.06 4.19 4.47 4.28 3.92 3.79 3.91

2050 4.26 4.63 4.50 4.48 4.44 4.35 4.08 4.21 4.49 4.30 3.95 3.82 3.93

2060 4.28 4.66 4.53 4.51 4.46 4.38 4.11 4.24 4.51 4.33 3.98 3.85 3.96

Agriculture/Irrigation

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Power

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total

Base 117.31 127.30 125.48 132.09 122.02 117.16 113.04 108.11 111.45 111.04 109.19 111.77 119.53

2015 122.70 133.10 131.31 138.19 127.59 122.54 118.25 113.07 116.57 116.19 114.18 116.88 124.98

2020 133.16 144.50 142.55 150.02 138.45 132.97 128.28 122.64 126.48 126.11 123.91 126.86 135.63

2030 147.94 160.55 158.40 166.65 153.76 147.64 142.48 136.21 140.56 140.09 137.68 140.98 150.77

2040 161.06 174.75 172.56 181.47 167.31 160.62 155.10 148.31 153.11 152.51 149.84 153.45 164.28

2050 176.93 191.93 189.64 199.37 183.67 176.28 170.33 162.92 168.31 167.55 164.56 168.55 180.60

2060 194.20 210.64 208.24 218.86 201.50 193.34 186.91 178.83 184.86 183.92 180.60 184.98 198.35

Year

Annual 

Average

Month



Projected Flow by Month (mgd) (Alternative 11)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

WITHDRAWALS

Base 191.00 139.80 139.80 147.01 168.53 205.55 263.93 289.46 268.21 217.82 171.76 144.30 135.14

2015 203.16 151.82 150.79 158.17 180.69 218.21 276.89 300.83 280.38 231.11 185.45 156.63 146.28

2020 223.46 171.07 170.08 177.47 200.35 238.78 298.80 322.78 302.58 252.66 205.82 175.71 164.68

2030 239.70 185.45 184.19 191.75 215.79 256.00 317.47 341.47 321.15 270.50 222.47 190.62 178.74

2040 256.86 200.99 199.39 207.09 232.18 274.22 336.83 360.71 340.20 289.13 239.99 206.74 193.94

2050 343.93 291.72 286.54 287.84 312.25 356.89 429.52 457.43 436.74 378.68 324.10 287.69 276.79

2060 360.26 306.66 301.12 302.58 327.84 373.96 447.90 475.84 455.13 396.38 340.76 302.80 291.12

RETURNS

Base 117.31 127.30 125.48 132.09 122.02 117.16 113.04 108.11 111.45 111.04 109.19 111.77 119.53

2015 122.70 133.10 131.31 138.19 127.59 122.54 118.25 113.07 116.57 116.19 114.18 116.88 124.98

2020 133.16 144.50 142.55 150.02 138.45 132.97 128.28 122.64 126.48 126.11 123.91 126.86 135.63

2030 147.94 160.55 158.40 166.65 153.76 147.64 142.48 136.21 140.56 140.09 137.68 140.98 150.77

2040 161.06 174.75 172.56 181.47 167.31 160.62 155.10 148.31 153.11 152.51 149.84 153.45 164.28

2050 176.93 191.93 189.64 199.37 183.67 176.28 170.33 162.92 168.31 167.55 164.56 168.55 180.60

2060 194.20 210.64 208.24 218.86 201.50 193.34 186.91 178.83 184.86 183.92 180.60 184.98 198.35

NET WITHDRAWAL

Base 73.68 12.50 14.32 14.92 46.51 88.39 150.89 181.35 156.76 106.79 62.57 32.53 15.62

2015 80.46 18.72 19.48 19.98 53.10 95.68 158.64 187.76 163.82 114.92 71.27 39.75 21.30

2020 90.30 26.58 27.53 27.44 61.90 105.81 170.52 200.15 176.10 126.55 81.91 48.85 29.05

2030 91.76 24.89 25.79 25.10 62.03 108.36 174.99 205.25 180.59 130.41 84.80 49.64 27.97

2040 95.79 26.24 26.83 25.62 64.86 113.60 181.73 212.40 187.09 136.62 90.16 53.29 29.67

2050 167.00 99.80 96.90 88.46 128.57 180.62 259.19 294.51 268.43 211.13 159.54 119.15 96.19

2060 166.06 96.02 92.88 83.73 126.34 180.62 260.99 297.01 270.27 212.46 160.16 117.82 92.76

Year

Annual 

Average

Month



Projected Flow by Subbasin (mgd) (Alternative 11)

Subbasins

Year Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM OF 

BLEWETT FALLS LAKE (NC)

WITHDRAWALS

Base 191.00 2.71 110.39 4.12 3.26 0.02 9.85 49.49 11.16

2015 203.16 2.71 116.16 5.65 5.68 0.02 11.26 50.49 11.20

2020 223.46 9.53 118.73 6.47 7.46 0.52 14.60 53.88 12.26

2030 239.70 9.71 126.05 6.67 8.08 0.52 22.83 53.47 12.39

2040 256.86 9.88 130.26 8.11 10.73 0.52 28.37 56.47 12.52

2050 343.93 10.07 137.82 8.26 11.52 0.52 66.73 96.37 12.65

2060 360.26 10.25 143.77 8.40 12.12 0.52 70.24 102.19 12.78

RETURNS

Base 117.31 0.21 66.70 0.55 0.16 0.00 1.49 42.42 5.78

2015 122.70 0.21 69.47 0.65 0.16 0.00 1.79 44.59 5.82

2020 133.16 0.21 74.88 0.68 0.16 0.00 2.41 48.93 5.89

2030 147.94 0.21 81.42 0.70 0.16 0.00 3.74 55.67 6.03

2040 161.06 0.21 85.37 0.80 0.16 0.00 5.06 63.28 6.18

2050 176.93 0.21 90.10 0.82 0.16 0.00 6.89 72.42 6.33

2060 194.20 0.21 95.63 0.84 0.16 0.00 7.97 82.91 6.48

NET WITHDRAWALS

Base 73.68 2.49 43.69 3.56 3.10 0.02 8.36 7.07 5.38

2015 80.46 2.49 46.70 4.99 5.51 0.02 9.46 5.91 5.38

2020 90.30 9.32 43.85 5.79 7.30 0.52 12.19 4.96 6.37

2030 91.76 9.49 44.63 5.97 7.91 0.52 19.08 ‐2.21 6.36

2040 95.79 9.67 44.89 7.31 10.57 0.52 23.31 ‐6.81 6.34

2050 167.00 9.85 47.73 7.44 11.36 0.52 59.84 23.95 6.32

2060 166.06 10.04 48.14 7.56 11.96 0.52 62.27 19.28 6.30
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Projected Withdrawals by Subbasin (mgd) (Alternative 11)

Subbasin Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR 2.71 2.71 9.53 9.71 9.88 10.07 10.25

HIGH ROCK LAKE 110.39 116.16 118.73 126.05 130.26 137.82 143.77

TUCKERTOWN RESERVOIR 4.12 5.65 6.47 6.67 8.11 8.26 8.40

NARROWS RESERVOIR (BADIN LAKE) 3.26 5.68 7.46 8.08 10.73 11.52 12.12

FALLS RESERVOIR 0.02 0.02 0.52 0.52 0.52 0.52 0.52

LAKE TILLERY 9.85 11.26 14.60 22.83 28.37 66.73 70.24

BLEWETT FALLS LAKE 49.49 50.49 53.88 53.47 56.47 96.37 102.19

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) 11.16 11.20 12.26 12.39 12.52 12.65 12.78

Total 191.00 203.16 223.46 239.70 256.86 343.93 360.26

Projected Returns by Subbasin (mgd) (Alternative 11)

Subbasin Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR 0.21 0.21 0.21 0.21 0.21 0.21 0.21

HIGH ROCK LAKE 66.70 69.47 74.88 81.42 85.37 90.10 95.63

TUCKERTOWN RESERVOIR 0.55 0.65 0.68 0.70 0.80 0.82 0.84

NARROWS RESERVOIR (BADIN LAKE) 0.16 0.16 0.16 0.16 0.16 0.16 0.16

FALLS RESERVOIR 0.00 0.00 0.00 0.00 0.00 0.00 0.00

LAKE TILLERY 1.49 1.79 2.41 3.74 5.06 6.89 7.97

BLEWETT FALLS LAKE 42.42 44.59 48.93 55.67 63.28 72.42 82.91

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) 5.78 5.82 5.89 6.03 6.18 6.33 6.48

Total 117.31 122.70 133.16 147.94 161.06 176.93 194.20

Projected Net Withdrawals by Subbasin (mgd) (Alternative 11)

Subbasin Base 2015 2020 2030 2040 2050 2060

W. KERR SCOTT RESERVOIR 2.49 2.49 9.32 9.49 9.67 9.85 10.04

HIGH ROCK LAKE 43.69 46.70 43.85 44.63 44.89 47.73 48.14

TUCKERTOWN RESERVOIR 3.56 4.99 5.79 5.97 7.31 7.44 7.56

NARROWS RESERVOIR (BADIN LAKE) 3.10 5.51 7.30 7.91 10.57 11.36 11.96

FALLS RESERVOIR 0.02 0.02 0.52 0.52 0.52 0.52 0.52

LAKE TILLERY 8.36 9.46 12.19 19.08 23.31 59.84 62.27

BLEWETT FALLS LAKE 7.07 5.91 4.96 ‐2.21 ‐6.81 23.95 19.28

DOWNSTREAM OF BLEWETT FALLS LAKE (NC) 5.38 5.38 6.37 6.36 6.34 6.32 6.30

Total 73.68 80.46 90.30 91.76 95.79 167.00 166.06



Projected Net Withdrawals by Subbasin (mgd) (Alternative 11)

Subbasin

Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM 

OF BLEWETT 

FALLS LAKE (NC)

Public Water/Wastewater Utilities

Base 20.23 0.00 20.19 3.07 3.03 0.00 5.55 ‐10.98 ‐0.63

2015 22.96 0.00 20.96 4.50 5.44 0.00 6.66 ‐13.97 ‐0.63

2020 24.82 6.83 14.63 4.80 6.73 0.00 8.39 ‐15.92 ‐0.64

2030 26.30 7.00 15.44 4.98 7.34 0.00 15.28 ‐23.08 ‐0.66

2040 30.35 7.18 15.72 6.31 10.00 0.00 19.50 ‐27.69 ‐0.68

2050 34.77 7.36 16.09 6.44 10.79 0.00 23.87 ‐29.09 ‐0.69

2060 33.86 7.55 16.53 6.56 11.38 0.00 26.30 ‐33.76 ‐0.71

Industrial

Base 5.84 ‐0.02 ‐0.36 0.00 ‐0.16 0.00 0.00 2.35 4.03

2015 5.83 ‐0.02 ‐0.36 0.00 ‐0.16 0.00 0.00 2.35 4.03

2020 11.32 ‐0.02 0.63 0.50 0.34 0.50 1.00 3.35 5.03

2030 11.30 ‐0.02 0.61 0.50 0.34 0.50 1.00 3.35 5.03

2040 11.28 ‐0.02 0.58 0.50 0.34 0.50 1.00 3.35 5.03

2050 11.25 ‐0.02 0.56 0.50 0.34 0.50 1.00 3.35 5.03

2060 11.23 ‐0.02 0.53 0.50 0.34 0.50 1.00 3.35 5.03

Agriculture/Irrigation

Base 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2015 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2020 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2030 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2040 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2050 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2060 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

Power

Base 4.44 0.00 0.25 0.00 0.00 0.00 0.00 4.18 0.00

2015 8.49 0.00 2.49 0.00 0.00 0.00 0.00 6.00 0.00

2020 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2030 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2040 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2050 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

2060 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

Total

Base 73.68 2.49 43.69 3.56 3.10 0.02 8.36 7.07 5.38

2015 80.46 2.49 46.70 4.99 5.51 0.02 9.46 5.91 5.38

2020 90.30 9.32 43.85 5.79 7.30 0.52 12.19 4.96 6.37

2030 91.76 9.49 44.63 5.97 7.91 0.52 19.08 ‐2.21 6.36

2040 95.79 9.67 44.89 7.31 10.57 0.52 23.31 ‐6.81 6.34

2050 167.00 9.85 47.73 7.44 11.36 0.52 59.84 23.95 6.32

2060 166.06 10.04 48.14 7.56 11.96 0.52 62.27 19.28 6.30

Year



Projected Withdrawals by Subbasin (mgd) (Alternative 11)

Subbasin

Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM 

OF BLEWETT 

FALLS LAKE (NC)

Public Water/Wastewater Utilities

Base 133.37 0.00 83.77 3.62 3.03 0.00 7.05 31.01 4.89

2015 141.48 0.00 87.30 5.15 5.44 0.00 8.45 30.20 4.93

2020 153.79 6.83 86.38 5.48 6.73 0.00 10.79 32.59 4.99

2030 170.03 7.00 93.69 5.68 7.34 0.00 19.02 32.17 5.12

2040 187.19 7.18 97.91 7.12 10.00 0.00 24.56 35.17 5.25

2050 207.44 7.36 102.98 7.26 10.79 0.00 30.76 42.92 5.38

2060 223.77 7.55 108.92 7.40 11.38 0.00 34.27 48.73 5.52

Industrial

Base 10.01 0.19 2.77 0.00 0.00 0.00 0.00 2.77 4.28

2015 10.01 0.19 2.77 0.00 0.00 0.00 0.00 2.77 4.28

2020 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2030 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2040 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2050 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

2060 15.51 0.19 3.77 0.50 0.50 0.50 1.00 3.77 5.28

Agriculture/Irrigation

Base 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2015 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2020 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2030 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2040 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2050 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

2060 43.18 2.51 23.60 0.49 0.23 0.02 2.80 11.52 1.99

Power

Base 4.44 0.00 0.25 0.00 0.00 0.00 0.00 4.18 0.00

2015 8.49 0.00 2.49 0.00 0.00 0.00 0.00 6.00 0.00

2020 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2030 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2040 10.98 0.00 4.98 0.00 0.00 0.00 0.00 6.00 0.00

2050 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

2060 77.80 0.00 7.47 0.00 0.00 0.00 32.16 38.16 0.00

Total

Base 191.00 2.71 110.39 4.12 3.26 0.02 9.85 49.49 11.16

2015 203.16 2.71 116.16 5.65 5.68 0.02 11.26 50.49 11.20

2020 223.46 9.53 118.73 6.47 7.46 0.52 14.60 53.88 12.26

2030 239.70 9.71 126.05 6.67 8.08 0.52 22.83 53.47 12.39

2040 256.86 9.88 130.26 8.11 10.73 0.52 28.37 56.47 12.52

2050 343.93 10.07 137.82 8.26 11.52 0.52 66.73 96.37 12.65

2060 360.26 10.25 143.77 8.40 12.12 0.52 70.24 102.19 12.78

Year



Projected Returns by Subbasin (mgd) (Alternative 11)

Subbasin

Total

W. KERR SCOTT 

RESERVOIR HIGH ROCK LAKE

TUCKERTOWN 

RESERVOIR

NARROWS 

RESERVOIR 

(BADIN LAKE)

FALLS 

RESERVOIR LAKE TILLERY

BLEWETT FALLS 

LAKE

DOWNSTREAM 

OF BLEWETT 

FALLS LAKE (NC)

Public Water/Wastewater Utilities

Base 113.14 0.00 63.58 0.55 0.00 0.00 1.49 42.00 5.52

2015 118.52 0.00 66.34 0.65 0.00 0.00 1.79 44.17 5.57

2020 128.98 0.00 71.74 0.68 0.00 0.00 2.41 48.51 5.64

2030 143.73 0.00 78.26 0.70 0.00 0.00 3.74 55.26 5.78

2040 156.83 0.00 82.19 0.80 0.00 0.00 5.06 62.86 5.92

2050 172.67 0.00 86.89 0.82 0.00 0.00 6.89 72.00 6.07

2060 189.91 0.00 92.39 0.84 0.00 0.00 7.97 82.49 6.23

Industrial

Base 4.17 0.21 3.13 0.00 0.16 0.00 0.00 0.42 0.25

2015 4.18 0.21 3.13 0.00 0.16 0.00 0.00 0.42 0.25

2020 4.19 0.21 3.14 0.00 0.16 0.00 0.00 0.42 0.25

2030 4.21 0.21 3.16 0.00 0.16 0.00 0.00 0.42 0.25

2040 4.23 0.21 3.18 0.00 0.16 0.00 0.00 0.42 0.25

2050 4.26 0.21 3.21 0.00 0.16 0.00 0.00 0.42 0.25

2060 4.28 0.21 3.24 0.00 0.16 0.00 0.00 0.42 0.25

Agriculture/Irrigation

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Power

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total

Base 117.31 0.21 66.70 0.55 0.16 0.00 1.49 42.42 5.78

2015 122.70 0.21 69.47 0.65 0.16 0.00 1.79 44.59 5.82

2020 133.16 0.21 74.88 0.68 0.16 0.00 2.41 48.93 5.89

2030 147.94 0.21 81.42 0.70 0.16 0.00 3.74 55.67 6.03

2040 161.06 0.21 85.37 0.80 0.16 0.00 5.06 63.28 6.18

2050 176.93 0.21 90.10 0.82 0.16 0.00 6.89 72.42 6.33

2060 194.20 0.21 95.63 0.84 0.16 0.00 7.97 82.91 6.48

Year
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Table of Contents for 

Public Water/Wastewater Utility Projection Sheets
Pages Basin ID No. Entity Facility
1 ‐ 2 NWB‐03a Anson County Anson County Filtration Plant
3 ‐ 4 NRD‐03d Anson County Anson County Regional WWTP
5 ‐ 6 NRD‐03e Anson County Anson County Filtration Plant
7 ‐ 8 NRB‐04 Aqua North Carolina, Inc Country Wood WWTP
9 ‐ 10 NWL‐05b Asheboro W. L. Brown Jr WTP (Lake Lucas intake)
11 ‐ 12 NWL‐05c Asheboro W. L. Brown Jr WTP (Lake Reese intake)
13 ‐ 14 NRB‐09 Bradfield Farms Water Company Bradfield Farms WWTP
15 ‐ 16 NRB‐11 Carolina Water Service Inc of North Carolina Hemby Acres WWTP
17 ‐ 18 NRB‐13 Charlotte Mecklenburg Utility Department Mallard Creek WWTP
19 ‐ 20 NRB‐14a City of Albemarle Long Creek WWTP
21 ‐ 22 NWT‐14b City of Albemarle Tuckertown WTP
23 ‐ 24 NRT‐14c City of Albemarle Tuckertown WTP
25 ‐ 26 NWN‐14d City of Albemarle US 52 HWY WTP
27 ‐ 28 NRB‐84 City of Charlotte Cabarrus Woods WWTP
29 ‐ 30 NWB‐15a City of Concord Coddle Creek WTP
31 ‐ 32 NRB‐15b City of Concord Coddle Creek WTP
33 ‐ 34 NWB‐15d City of Concord Hillgrove WTP (Lake Fisher intake)
35 ‐ 36 NWD‐91a City of Hamlet Hamlet WTP
37 ‐ 38 NRD‐91b City of Hamlet Hamlet WWTP
39 ‐ 40 NRH‐16 City of High Point Westside WWTP
41 ‐ 42 NWB‐17a City of Kannapolis City of Kannapolis WTP
43 ‐ 44 NRB‐17b City of Kannapolis City of Kannapolis WTP
45 ‐ 46 NWB‐17c City of Kannapolis City of Kannapolis WTP (supplemental intake ‐ Lake Howell)
47 ‐ 48 NWH‐18a City of King City of King WTP
49 ‐ 50 NRH‐18b City of King City of King WTP
51 ‐ 52 NRH‐19a City of Lexington Lexington Regional WWTP
53 ‐ 54 NRH‐19b City of Lexington Lexington WTP #1 & 2
55 ‐ 56 NWH‐19c City of Lexington Lexington WTP (Lake Thom‐A‐Lex Intake)
57 ‐ 58 NWB‐20a City of Monroe John Glenn WTP
59 ‐ 60 NRB‐20b City of Monroe John Glenn WTP
61 ‐ 62 NRB‐20c City of Monroe Monroe WWTP
63 ‐ 64 NWH‐21a City of Mount Airy F. G. Doggett WTP
65 ‐ 66 NRH‐21b City of Mount Airy Mount Airy WWTP
67 ‐ 68 NWH‐21c City of Mount Airy S. L. Spencer WTP
69 ‐ 70 NRD‐90a City of Rockingham Rockingham WWTP
71 ‐ 72 NWD‐90b City of Rockingham Rockingham WTP (City Pond intake)
73 ‐ 74 NWD‐90c City of Rockingham Rockingham WTP (Roberdel Lake intake)
75 ‐ 76 NWH‐22a City of Salisbury Salisbury WTP
77 ‐ 78 NRH‐22b City of Salisbury Salisbury‐Rowan WWTP
79 ‐ 80 NWH‐23a City of Statesville City of Statesville WTP (S. Yadkin River intake)
81 ‐ 82 NRH‐23b City of Statesville Fourth Creek WWTP
83 ‐ 84 NRH‐23c City of Statesville Third Creek WWTP
85 ‐ 86 NWH‐24a City of Thomasville City of Thomasville WTP
87 ‐ 88 NRH‐24b City of Thomasville Hamby Creek WWTP
89 ‐ 90 NRH‐25a City of Winston‐Salem Archie Elledge WWTP
91 ‐ 92 NRH‐25b City of Winston‐Salem Muddy Creek WWTP
93 ‐ 94 NRH‐25c City of Winston‐Salem P. W. Swann WTP
95 ‐ 96 NRH‐25d City of Winston‐Salem R. A. Thomas WTP
97 ‐ 98 NWH‐25e City of Winston‐Salem P. W. Swann WTP
99 ‐ 100 NWH‐25f City of Winston‐Salem R. W. Neilson WTP / R. A. Thomas WTP
101 ‐ 102 NWH‐27a Davidson Water Inc C. O. Pickle WP
103 ‐ 104 NRH‐27b Davidson Water Inc Davidson Water WTP
105 ‐ 106 NWH‐28a Davie County Cooleemee WTP
107 ‐ 108 NWH‐28b Davie County Sparks Road WTP
109 ‐ 110 NRH‐28c Davie County Sparks Road WTP
111 ‐ 112 NRH‐28d Davie County Cooleemee WWTP
113 ‐ 114 NWH‐87 Energy United Water Energy United Water WTP
115 ‐ 116 NRL‐34 Greater Badin Water & Sewer District Badin WWTP
117 ‐ 118 NWL‐42 Montgomery County Montgomery County WTP
119 ‐ 120 NWB‐88 Richmond County Richmond County WTP
121 ‐ 122 NRD‐88b Richmond County Richmond County WTP
123 ‐ 124 NRB‐52 Stanly County West Stanly WWTP
125 ‐ 126 NRH‐58 Town of Bermuda Run Bermuda Run WWTP
127 ‐ 128 NRB‐59 Town of Biscoe Biscoe WWTP
129 ‐ 130 NRH‐60 Town of Boonville Boonville WWTP
131 ‐ 132 NRH‐86 Town of Cleveland Cleveland WWTP
133 ‐ 134 NWT‐61a Town of Denton Denton WP
135 ‐ 136 NRT‐61b Town of Denton Denton WWTP
137 ‐ 138 NRH‐62 Town of Dobson Dobson WWTP
139 ‐ 140 NWH‐63 Town of Elkin Elkin Municipal WTP
141 ‐ 142 NWH‐64 Town of Jonesville Jonesville WP
143 ‐ 144 NWH‐65a Town of Mocksville Hugh A. Lagle WTP
145 ‐ 146 NRH‐65b Town of Mocksville Bear Creek WWTP

Public Water/Wastewater TOC
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Public Water/Wastewater Utility Projection Sheets
Pages Basin ID No. Entity Facility

147 ‐ 148 NRH‐65c Town of Mocksville Dutchman Creek WWTP
149 ‐ 150 NRB‐66 Town of Mooresville Rocky River WWTP (Town of Mooresville)
151 ‐ 152 NRB‐67 Town of Mount Gilead Mount Gilead WWTP
153 ‐ 154 NWH‐68a Town of North Wilkesboro North Wilkesboro WP
155 ‐ 156 NRH‐68b Town of North Wilkesboro Thurman Street WWTP
157 ‐ 158 NWL‐69a Town of Norwood Norwood WTP
159 ‐ 160 NRB‐69b Town of Norwood Norwood WWTP
161 ‐ 162 NWH‐70a Town of Pilot Mountain Pilot Mountain WTP
163 ‐ 164 NRH‐70b Town of Pilot Mountain Pilot Mountain WTP
165 ‐ 166 NRH‐70c Town of Pilot Mountain Pilot Mountain WWTP
167 ‐ 168 NRB‐71 Town of Troy Troy WWTP
169 ‐ 170 NWD‐93 Town of Wadesboro Town of Wadesboro WTP
171 ‐ 172 NRH‐72a Town of Wilkesboro Cub Creek WWTP
173 ‐ 174 NWH‐72b Town of Wilkesboro Wilkesboro WFP
175 ‐ 176 NWH‐73a Town of Yadkinville Yadkinville WTP
177 ‐ 178 NRH‐73b Town of Yadkinville Yadkinville WWTP
179 ‐ 180 NRB‐76a Union County Public Works Crooked Creek WWTP #2
181 ‐ 182 NRB‐76b Union County Public Works Hunley Creek WWTP
183 ‐ 184 NRB‐76c Union County Public Works Grassy Branch WWTP
185 ‐ 186 NRB‐76d Union County Public Works Tallwood Estates WWTP
187 ‐ 188 NWB‐77a Water and Sewer Authority of Cabarrus County Mt. Pleasant WTF
189 ‐ 190 NRB‐77c Water and Sewer Authority of Cabarrus County Rocky River WWTP (WSACC)
191 ‐ 192 NWH‐89 Wilkes County Wilkes County WTP (Future)
193 ‐ 194 NRH‐81 Yadkin Valley Sewer Authority, Inc Yadkin Valley Sewer Authority WWTP

Public Water/Wastewater TOC



ID No. NWB‐03a Category Public Water/Wastewater Utilities

Entity Anson County Type Withdrawal

Facility Anson County Filtration Plant Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 4.83 5.26 5.30 5.18 5.47 5.60 5.72 6.12 6.00 5.58 5.61 5.28 5.49

2002 6.09 5.44 5.53 6.22 6.09 6.62 6.25 6.30 5.73 5.93 5.51 5.80 5.96

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 5.64 5.46 5.61 5.52 6.05 6.40 7.43 7.36 6.06 5.90 5.04 5.21 5.98

2008 5.18 4.79 5.07 5.08 5.11 5.98 6.19 5.74 5.51 5.05 5.24 5.45 5.37

2009 5.19 5.52 5.24 5.20 5.46 5.80 6.79 5.75 6.33 5.87 5.64 6.01 5.73

2010 6.40 7.92 6.47 6.23 6.39 6.92 6.91 5.86 7.87 5.76 7.98 4.47 6.58

2011 5.85 6.69 6.86 6.48 6.97 7.14 7.33 6.99 6.54 6.45 6.74 7.36 6.78

2012 4.95 5.38 4.47 5.69 6.29 5.94 6.10 6.42 6.34 5.79 5.70 4.89 5.66

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWB‐03a

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ 1.76 4.58 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ 2.35 4.61 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ 2.35 4.67 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 4.79 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 4.91 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 5.03 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 5.16 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Anson County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 4.58 Jan 0.92

2015 4.61 Feb 0.99

2020 4.67 Mar 0.93

2030 4.79 Apr 0.95

2040 4.91 May 1.00

2050 5.03 Jun 1.06

2060 5.16 Jul 1.13

Aug 1.06

Sep 1.07

Oct 0.96

Nov 1.01

Dec 0.92

Base Year's projected flowrate is based on 2010‐2012 Average.

Projected Annual Average Flow values below exclude wholesale water sold to Union County. Wholesale

water is accounted for under entities NWB‐03b and NWB‐03c using a different forecasting method.

Wholesale flows shown above include both raw and treated water.

‐‐

‐‐



ID No. NRD‐03d Category Public Water/Wastewater Utilities

Entity Anson County Type Return

Facility Anson County Regional WWTP Sub‐basin Downstream Of Blewett Falls Lake (Nc)

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 2.52 2.68 2.41 2.54 2.33 2.13 2.44 2.35 2.20 2.35 2.36 2.00 2.36

2002 1.37 1.24 1.13 1.04 1.00 0.86 0.90 0.94 1.00 1.18 1.36 1.41 1.12

2003 1.39 1.82 2.15 1.75 1.46 1.48 1.19 1.39 1.06 1.07 1.01 1.01 1.40

2004 1.00 1.36 1.23 1.53 1.05 1.07 0.94 1.00 1.83 1.16 1.09 1.10 1.20

2005 1.55 1.56 1.74 1.72 1.24 1.24 1.13 1.12 0.94 1.28 1.18 1.59 1.36

2006 1.44 1.35 1.23 1.13 1.15 1.38 1.04 1.27 1.04 1.18 2.06 1.55 1.32

2007 1.82 1.61 1.70 1.34 1.15 1.15 1.00 1.02 1.08 1.09 1.02 1.21 1.26

2008 1.34 1.35 1.47 1.57 1.15 1.05 1.35 1.67 1.60 1.32 1.24 1.49 1.38

2009 1.44 1.40 1.85 1.54 1.32 1.16 1.04 1.05 0.92 0.98 1.22 1.65 1.30

2010 1.87 2.16 1.71 1.33 1.38 1.23 1.09 1.25 1.20 1.15 1.19 1.43 1.41

2011 1.26 1.34 1.51 1.40 1.32 1.17 1.11 1.13 1.16 1.19 1.17 1.23 1.25

2012 1.31 1.36 1.44 1.35 1.42 1.16 0.84 1.09 1.55 1.49 1.49 1.76 1.36

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRD‐03d

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.34 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.35 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.37 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.40 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.44 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.47 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.51 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Anson County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 1.34 Jan 1.14

2015 1.35 Feb 1.16

2020 1.37 Mar 1.22

2030 1.40 Apr 1.07

2040 1.44 May 0.97

2050 1.47 Jun 0.87

2060 1.51 Jul 0.81

Aug 0.91

Sep 0.94

Oct 0.91

Nov 0.92

Dec 1.10

‐‐

‐‐

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



ID No. NRD‐03e Category Public Water/Wastewater Utilities

Entity Anson County Type Return

Facility Anson County Filtration Plant Sub‐basin Downstream Of Blewett Falls Lake (Nc)

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.53 0.48 0.56 0.58 0.70 0.50 0.43 0.58 0.55 0.64 0.49 0.60 0.55

2002 0.67 0.58 0.64 0.61 0.52 0.71 0.44 0.58 0.69 0.62 0.72 0.67 0.62

2003 0.69 0.67 0.53 0.65 0.61 0.64 0.69 0.61 0.98 0.71 0.61 0.64 0.67

2004 0.72 0.67 0.52 0.51 0.60 0.64 0.64 0.53 1.15 0.60 0.64 0.60 0.65

2005 0.67 0.58 0.58 0.48 0.48 0.56 0.45 0.49 0.45 0.58 0.60 0.64 0.55

2006 0.72 0.55 0.45 0.48 0.62 1.07 0.45 0.58 0.53 0.58 0.69 0.87 0.63

2007 0.73 0.78 0.78 0.78 0.56 0.64 0.72 0.60 0.58 0.56 0.49 0.67 0.66

2008 0.78 0.61 0.66 0.54 0.58 0.53 0.88 0.85 0.75 0.66 0.67 0.79 0.69

2009 0.48 0.64 0.61 0.60 0.72 0.56 0.78 0.67 0.73 0.55 0.80 0.84 0.66

2010 0.78 0.72 0.69 0.48 0.53 0.78 0.78 0.26 0.17 0.20 0.30 0.31 0.50

2011 0.31 0.36 0.44 0.29 0.36 0.27 0.46 0.35 0.56 0.56 1.03 0.56 0.46

2012 0.85 0.65 0.45 0.45 0.43 0.81 0.85 0.58 0.59 0.58 0.53 0.55 0.61

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRD‐03e

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.52 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.53 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.53 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.55 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.56 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.58 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.59 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Anson County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.52 Jan 1.10

2015 0.53 Feb 1.05

2020 0.53 Mar 1.01

2030 0.55 Apr 0.87

2040 0.56 May 0.89

2050 0.58 Jun 1.00

2060 0.59 Jul 1.25

Aug 0.92

Sep 0.94

Oct 0.87

Nov 1.06

Dec 1.04

‐‐

‐‐

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



ID No. NRB‐04 Category Public Water/Wastewater Utilities ‐ Domestic

Entity Aqua North Carolina, Inc Type Return

Facility Country Wood WWTP Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.05 0.06 0.05 0.05 0.04 0.03 0.05 0.04 0.04 0.04 0.04 0.05 0.05

2002 0.12 0.10 0.13 0.10 0.09 0.08 0.08 0.09 0.10 0.12 0.14 0.15 0.11

2003 0.11 0.16 0.19 0.20 0.16 0.15 0.14 0.12 0.10 0.11 0.11 0.13 0.14

2004 0.11 0.18 0.16 0.11 0.11 0.13 0.13 0.16 0.20 0.15 0.15 0.16 0.14

2005 0.16 0.18 0.21 0.18 0.15 0.18 0.18 0.16 0.14 0.18 0.16 0.24 0.18

2006 0.22 0.18 0.17 0.16 0.16 0.18 0.18 0.19 0.19 0.20 0.28 0.24 0.20

2007 0.28 0.24 0.23 0.20 0.18 0.20 0.18 0.18 0.18 0.18 0.18 0.21 0.20

2008 0.22 0.25 0.25 0.23 0.20 0.19 0.18 0.18 0.18 0.17 0.18 0.22 0.20

2009 0.21 0.19 0.30 0.19 0.21 0.20 0.17 0.17 0.15 0.17 0.28 0.32 0.21

2010 0.28 0.30 0.22 0.17 0.18 0.28 0.25 0.25 0.20 0.20 0.20 0.22 0.23

2011 0.22 0.24 0.27 0.24 0.24 0.23 0.21 0.21 0.21 0.23 0.23 ND 0.23

2012 0.29 0.23 0.22 0.20 0.22 0.21 0.23 0.24 0.21 0.21 0.21 0.23 0.22

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐04

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.23 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.24 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.26 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.31 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.37 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.44 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.52 ‐‐

Applied AGR 2012‐2020: 1.83%

Applied AGR 2030‐2060: 1.74%

Analysis and Projections Notes

Applied AGR values shown above are based on Projected AGR values for Union County.

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.23 Jan 1.15

2015 0.24 Feb 1.12

2020 0.26 Mar 1.14

2030 0.31 Apr 0.93

2040 0.37 May 0.94

2050 0.44 Jun 1.00

2060 0.52 Jul 0.93

Aug 0.95

Sep 0.87

Oct 0.88

Nov 0.98

Dec 1.11

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWL‐05b Category Public Water/Wastewater Utilities

Entity Asheboro Type Withdrawal

Facility W. L. Brown Jr WTP (Lake Lucas intake) Sub‐basin Lake Tillery

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 1.71 1.67 1.63 1.67 1.82 1.91 1.91 1.87 1.80 1.75 1.59 1.53 1.74

2002 1.78 1.79 1.70 1.87 1.92 2.05 1.92 2.07 1.85 1.78 1.69 1.66 1.84

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 1.67 1.71 1.73 1.74 1.94 1.98 1.95 2.33 2.19 2.12 1.79 1.45 1.88

2008 1.59 1.50 1.47 1.45 1.50 2.13 2.05 2.21 1.96 1.84 1.67 1.63 1.75

2009 1.63 1.35 1.38 1.41 1.46 1.56 1.73 1.85 1.79 1.61 1.41 1.35 1.55

2010 1.36 1.38 1.41 1.50 1.56 1.71 1.74 1.79 1.82 1.65 1.58 1.36 1.57

2011 1.32 1.45 1.44 1.42 1.54 1.80 1.79 1.69 1.70 1.62 1.55 1.38 1.56

2012 1.35 1.42 1.47 1.54 1.61 1.74 1.87 1.80 1.77 1.63 1.53 1.43 1.60

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

Historical Data above is based on the 2012 flow split between all Asheboro facilities.

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWL‐05b

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.58 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.07 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.91 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.30 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.58 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 4.09 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 4.47 ‐‐

Applied AGR 2012‐2020: Not Used

Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 1.58 Jan 0.90

2015 2.07 Feb 0.89

2020 2.91 Mar 0.90

2030 3.30 Apr 0.91

2040 3.58 May 0.97

2050 4.09 Jun 1.10

2060 4.47 Jul 1.12

Aug 1.18

Sep 1.13

Oct 1.06

Nov 0.96

Dec 0.87

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

Projected Flowrates shown above are based on (a) Local Water Supply Plan projected flowrates for

the entire entity and (b) historical flow splits among the entity's facilities, based on 2012 flow data.

Projected flowrate for 2015 is interpolated between Base value and 2020 value from LWSP.

‐‐

‐‐



ID No. NWL‐05c Category Public Water/Wastewater Utilities

Entity Asheboro Type Withdrawal

Facility W. L. Brown Jr WTP (Lake Reese intake) Sub‐basin Lake Tillery

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 3.02 2.96 2.89 2.95 3.22 3.38 3.38 3.31 3.19 3.10 2.81 2.71 3.08

2002 3.15 3.18 3.02 3.31 3.40 3.62 3.41 3.66 3.27 3.15 2.99 2.94 3.26

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 2.96 3.04 3.05 3.07 3.43 3.50 3.46 4.13 3.87 3.76 3.17 2.57 3.34

2008 2.82 2.66 2.60 2.56 2.66 3.77 3.63 3.91 3.46 3.25 2.95 2.89 3.10

2009 2.88 2.39 2.45 2.49 2.59 2.77 3.07 3.28 3.17 2.85 2.50 2.39 2.74

2010 2.40 2.44 2.50 2.66 2.76 3.02 3.08 3.17 3.21 2.91 2.79 2.41 2.78

2011 2.33 2.57 2.54 2.51 2.73 3.19 3.17 2.99 3.01 2.87 2.75 2.44 2.76

2012 2.38 2.52 2.60 2.72 2.84 3.09 3.30 3.19 3.12 2.88 2.71 2.54 2.82

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

Historical Data above is based on the 2012 flow split between all Asheboro facilities.

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWL‐05c

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.79 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.67 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 5.15 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 5.84 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 6.33 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 7.23 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 7.91 ‐‐

Applied AGR 2012‐2020: Not Used

Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

‐‐

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 2.79 Jan 0.90

2015 3.67 Feb 0.89

2020 5.15 Mar 0.90

2030 5.84 Apr 0.91

2040 6.33 May 0.97

2050 7.23 Jun 1.10

2060 7.91 Jul 1.12

Aug 1.18

Sep 1.13

Oct 1.06

Nov 0.96

Dec 0.87

Base Year's projected flowrate is based on 2010‐2012 Average.

Projected Flowrates shown above are based on (a) Local Water Supply Plan projected flowrates for

the entire entity and (b) historical flow splits among the entity's facilities, based on 2012 flow data.

Projected flowrate for 2015 is interpolated between Base value and 2020 value from LWSP.

‐‐

‐‐



ID No. NRB‐09 Category Public Water/Wastewater Utilities ‐ Domestic

Entity Bradfield Farms Water Company Type Return

Facility Bradfield Farms WWTP Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.15 0.15 0.13 0.13 0.09 0.13 0.15 0.12 0.09 0.11 0.11 0.11 0.12

2002 0.15 0.15 0.15 0.15 0.12 0.16 0.16 0.15 0.15 0.17 0.15 0.14 0.15

2003 0.14 0.19 0.27 0.13 0.03 0.19 0.14 0.14 0.14 0.16 0.18 0.19 0.16

2004 0.20 0.19 0.14 0.09 0.07 0.13 0.12 0.09 0.10 0.08 0.09 0.15 0.12

2005 0.16 0.16 0.17 0.09 0.07 0.07 0.07 0.09 0.16 0.15 0.14 0.23 0.13

2006 0.34 0.25 0.16 0.14 0.12 0.15 0.10 0.11 0.10 0.06 0.08 0.08 0.14

2007 0.10 0.10 0.11 0.22 0.35 0.39 0.22 0.21 0.21 0.23 0.22 0.23 0.22

2008 0.23 0.23 0.24 0.23 0.21 0.23 0.23 0.24 0.24 0.22 0.22 0.24 0.23

2009 0.24 0.22 0.26 0.23 0.25 0.24 0.24 0.25 0.24 0.23 0.28 0.29 0.25

2010 0.27 0.27 0.25 0.24 0.25 0.28 0.28 0.29 0.26 0.27 0.26 0.27 0.27

2011 0.26 0.28 0.29 0.26 0.27 0.25 0.27 0.28 0.27 0.27 0.27 0.27 0.27

2012 0.28 0.27 0.27 0.26 0.27 0.27 0.29 0.32 0.31 0.31 0.29 0.28 0.28

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐09

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.27 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.29 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.32 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.39 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.46 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.55 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.65 ‐‐

Applied AGR 2012‐2020: 2.16%

Applied AGR 2030‐2060: 1.77%

Analysis and Projections Notes

Applied AGR values shown above are based on Projected AGR values for Mecklenburg County.

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.27 Jan 0.91

2015 0.29 Feb 0.91

2020 0.32 Mar 0.94

2030 0.39 Apr 0.95

2040 0.46 May 1.06

2050 0.55 Jun 1.09

2060 0.65 Jul 1.01

Aug 1.05

Sep 1.01

Oct 1.00

Nov 1.02

Dec 1.05

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐11 Category Public Water/Wastewater Utilities ‐ Domestic

Entity Carolina Water Service Inc of North Carolina Type Return

Facility Hemby Acres WWTP Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.14 0.16 0.16 0.14 0.14 0.13 0.13 0.10 0.10 0.11 0.12 0.14 0.13

2002 0.14 0.12 0.13 0.11 0.14 0.10 0.10 0.10 0.10 0.12 0.13 0.14 0.12

2003 0.12 0.16 0.16 0.17 0.15 0.15 0.16 0.15 0.14 0.15 0.15 0.21 0.16

2004 0.15 0.16 0.13 0.12 0.12 0.11 0.11 0.12 0.15 0.17 0.14 0.15 0.14

2005 0.17 0.19 0.18 0.16 0.15 0.13 0.13 0.14 0.12 0.14 0.18 0.23 0.16

2006 0.17 0.14 0.16 0.13 0.12 0.19 0.23 0.17 0.17 0.15 0.16 0.16 0.16

2007 0.18 0.17 0.14 0.14 0.12 0.13 0.13 0.12 0.11 0.15 0.23 0.13 0.14

2008 0.09 0.14 0.12 0.12 0.10 0.09 0.11 0.13 0.15 0.12 0.11 4.47 0.49

2009 0.12 0.12 0.15 0.13 0.12 0.14 0.09 0.09 0.08 0.09 0.12 0.13 0.12

2010 0.16 0.15 0.12 0.10 0.08 0.08 0.10 0.09 0.10 0.09 0.10 0.11 0.11

2011 0.11 0.10 0.11 0.10 0.08 0.08 0.08 0.08 0.08 0.10 0.11 0.12 0.10

2012 0.13 0.11 0.11 0.11 0.11 0.11 0.11 0.12 0.11 0.12 0.12 0.11 0.11

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐11

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.11 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.11 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.12 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.14 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.17 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.20 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.24 ‐‐

Applied AGR 2012‐2020: 1.83%

Applied AGR 2030‐2060: 1.74%

Analysis and Projections Notes

Applied AGR values shown above are based on Projected AGR values for Union County.

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.11 Jan 0.75

2015 0.11 Feb 0.75

2020 0.12 Mar 0.72

2030 0.14 Apr 0.66

2040 0.17 May 0.57

2050 0.20 Jun 0.59

2060 0.24 Jul 0.57

Aug 0.60

Sep 0.59

Oct 0.62

Nov 0.74

Dec 4.77

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐13 Category Public Water/Wastewater Utilities

Entity Charlotte Mecklenburg Utility Department Type Return

Facility Mallard Creek WWTP Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 4.74 5.07 5.19 5.09 4.83 4.78 5.04 4.92 4.97 5.24 5.46 5.72 5.09

2002 6.78 6.87 5.93 5.09 4.71 4.72 4.85 4.93 5.64 5.62 6.99 4.56 5.54

2003 4.07 8.62 9.44 10.44 9.75 9.06 7.87 7.74 6.49 6.22 7.14 8.77 7.96

2004 7.66 17.71 8.48 8.59 7.02 7.60 7.26 7.65 8.60 7.86 7.63 7.91 8.62

2005 7.65 8.17 8.87 9.28 7.39 7.48 7.55 7.51 7.05 7.46 7.19 7.94 7.79

2006 7.81 7.54 7.42 7.47 7.31 7.46 6.99 8.26 8.39 7.61 8.66 7.73 7.72

2007 8.56 8.03 8.36 8.01 7.75 7.70 7.61 7.72 7.42 7.50 7.16 7.40 7.77

2008 7.65 7.58 7.98 7.87 7.39 6.99 6.99 7.65 7.90 7.32 7.13 7.63 7.51

2009 7.95 7.86 9.49 8.48 8.17 8.14 7.67 7.73 7.59 7.51 8.85 9.15 8.22

2010 9.27 9.65 8.73 7.97 7.85 7.86 7.46 7.76 7.40 7.22 7.24 7.06 7.95

2011 7.63 8.33 9.11 8.94 8.49 7.96 7.94 8.38 8.53 8.42 8.78 8.87 8.45

2012 9.14 8.55 8.20 7.71 7.92 7.79 7.59 7.82 7.83 7.51 7.37 7.39 7.90

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐13

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 8.10 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 8.63 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 9.60 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 11.45 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 13.64 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 16.26 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 19.37 ‐‐

Applied AGR 2012‐2020: 2.16%

Applied AGR 2030‐2060: 1.77%

Analysis and Projections Notes

Applied AGR values shown above are based on Projected AGR values for Mecklenburg County.

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 8.10 Jan 1.05

2015 8.63 Feb 1.05

2020 9.60 Mar 1.09

2030 11.45 Apr 1.02

2040 13.64 May 1.00

2050 16.26 Jun 0.97

2060 19.37 Jul 0.95

Aug 0.98

Sep 0.98

Oct 0.95

Nov 0.97

Dec 0.99

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐14a Category Public Water/Wastewater Utilities

Entity City of Albemarle Type Return

Facility Long Creek WWTP Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 8.83 9.82 9.13 8.56 7.24 6.29 7.46 6.80 7.49 7.68 9.11 9.43 8.14

2002 11.41 10.90 10.98 9.60 7.68 6.80 5.71 6.72 7.81 9.96 10.94 11.37 9.15

2003 8.93 11.92 14.18 14.01 12.42 12.28 10.58 10.94 8.41 8.08 7.75 8.10 10.62

2004 7.87 11.16 9.86 8.10 7.95 7.38 6.44 7.59 11.15 8.48 9.02 8.51 8.61

2005 9.22 10.42 12.02 10.74 8.44 9.17 8.37 9.01 6.85 7.14 7.50 10.77 9.13

2006 8.97 7.75 7.56 6.85 6.23 7.04 5.78 6.47 7.09 6.95 9.98 8.35 7.41

2007 10.23 9.87 9.33 8.37 6.72 7.28 6.11 6.23 5.92 6.30 6.11 6.45 7.39

2008 5.81 6.31 7.09 7.67 5.87 4.07 3.85 4.78 5.45 4.66 4.88 5.88 5.52

2009 5.80 5.26 9.09 6.12 5.61 4.49 4.89 5.06 5.84 4.84 7.08 8.82 6.08

2010 8.11 9.53 7.70 5.51 5.17 6.01 4.56 4.97 4.58 4.21 3.98 4.11 5.68

2011 4.69 5.81 7.11 6.23 5.03 4.90 4.71 4.55 4.55 5.16 5.29 5.24 5.27

2012 6.34 6.04 6.18 4.74 4.78 3.74 3.89 5.07 5.84 5.32 3.81 4.08 4.99

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐14a

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 5.31 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 5.74 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 6.42 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 6.80 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 6.95 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 7.20 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 7.44 ‐‐

Applied AGR 2012‐2020: Not Used

Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 5.31 Jan 1.17

2015 5.74 Feb 1.23

2020 6.42 Mar 1.33

2030 6.80 Apr 1.11

2040 6.95 May 0.95

2050 7.20 Jun 0.87

2060 7.44 Jul 0.80

Aug 0.88

Sep 0.92

Oct 0.87

Nov 0.89

Dec 0.99

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

Projected Flowrates shown above are based on (a) total projected water demand for the entire entity

based on 2012 Local Water Supply Plan, and (b) historic ratio between total wastewater flow and total

water demand, based on the 2010‐2012 average.

‐‐

‐‐



ID No. NWT‐14b Category Public Water/Wastewater Utilities

Entity City of Albemarle Type Withdrawal

Facility Tuckertown WTP Sub‐basin Tuckertown Reservoir

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 2.85 2.93 2.82 2.94 3.09 3.08 3.05 3.11 3.15 3.17 3.00 2.78 3.00

2002 3.47 3.34 3.27 3.47 3.51 3.62 3.52 3.40 3.27 3.24 3.13 2.85 3.34

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 2.37 2.24 2.22 2.25 2.97 2.69 2.39 2.26 2.69 2.22 2.66 2.34 2.44

2008 2.66 2.69 2.62 2.68 2.58 2.85 2.48 2.74 2.57 2.59 2.49 2.20 2.59

2009 2.25 2.19 2.11 1.95 2.01 2.13 2.25 2.28 2.36 2.31 2.17 2.10 2.18

2010 2.42 2.27 2.34 2.34 2.52 2.60 2.43 2.49 2.46 2.46 2.39 2.22 2.41

2011 ND ND ND ND ND ND ND ND ND ND ND ND ND

2012 2.25 2.29 2.25 2.29 2.24 2.42 2.42 2.29 2.47 2.25 2.42 2.91 2.38

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

Historical Data above is based on the 2012 flow split between all City of Albemarle facilities.

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWT‐14b

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.39 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ 1.34 2.58 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ 1.34 2.89 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ 1.34 3.06 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ 2.68 3.12 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ 2.68 3.23 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ 2.68 3.34 ‐‐

Applied AGR 2012‐2020: Not Used

Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 2.39 Jan 1.00

2015 3.92 Feb 0.97

2020 4.22 Mar 0.96

2030 4.39 Apr 0.96

2040 5.80 May 1.03

2050 5.91 Jun 1.06

2060 6.02 Jul 1.00

Aug 1.00

Sep 1.05

Oct 0.99

Nov 1.01

Dec 0.98

Base Year's projected flowrate is based on 2010‐2012 Average.

WTPs' permitted capacities.

Projected Flowrates shown as "Other" are based on (a) Local Water Supply Plan projected flowrates for

the entire entity and (b) historical flow splits among the entity's facilities, based on 2012 flow data.

Projected flowrate for 2015 is interpolated between Base value and 2020 value from LWSP.

Wholesale projected values are based on Catawba IBT agreement requirements for Yadkin River subbasin

flows and the assumption that flows between Albemarle's two WTPs will be split proportional to the



ID No. NRT‐14c Category Public Water/Wastewater Utilities

Entity City of Albemarle Type Return

Facility Tuckertown WTP Sub‐basin Tuckertown Reservoir

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.02 0.01 0.01 0.03 0.01 ND 0.02 0.02 0.02 0.18 0.10 0.04 0.04

2002 0.05 0.01 0.05 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.02

2003 0.05 0.01 0.01 0.02 0.01 0.01 0.02 0.05 0.05 0.05 0.01 0.01 0.03

2004 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

2005 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.01 0.01

2006 0.06 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

2007 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

2008 0.04 0.01 0.01 0.04 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

2009 0.01 0.01 0.03 0.01 0.01 0.10 0.11 ND ND ND ND ND 0.04

2010 0.20 0.30 0.24 0.18 0.30 0.24 0.26 0.16 0.17 0.13 0.12 0.12 0.20

2011 0.13 0.10 0.11 0.12 0.16 0.18 0.10 0.12 0.12 0.09 0.13 0.11 0.12

2012 0.10 0.10 0.11 0.15 0.10 0.12 0.10 0.08 0.11 0.10 0.11 0.10 0.11

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRT‐14c

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.15 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.25 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.27 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.28 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.37 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.38 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.38 ‐‐

Applied AGR 2012‐2020: Not Used
Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.15 Jan 1.01

2015 0.25 Feb 1.08

2020 0.27 Mar 1.04

2030 0.28 Apr 1.01

2040 0.37 May 1.18

2050 0.38 Jun 1.33

2060 0.38 Jul 1.18

Aug 0.92

Sep 1.03

Oct 0.83

Nov 0.91

Dec 0.84

‐‐

‐‐

‐‐

‐‐

Projections based on average percentage of WTP return to use from 2010‐2012 

multiplied times the water use projections

‐‐

‐‐

‐‐



ID No. NWN‐14d Category Public Water/Wastewater Utilities

Entity City of Albemarle Type Withdrawal

Facility US 52 HWY WTP Sub‐basin Narrows Reservoir (Badin Lake)

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 3.60 3.70 3.57 3.73 3.91 3.91 3.87 3.93 3.98 4.02 3.80 3.52 3.79

2002 4.39 4.22 4.14 4.39 4.45 4.58 4.45 4.31 4.14 4.10 3.96 3.61 4.23

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 3.00 2.83 2.81 2.85 3.75 3.41 3.03 2.85 3.41 2.81 3.37 2.97 3.09

2008 3.36 3.41 3.31 3.39 3.26 3.61 3.15 3.46 3.25 3.27 3.16 2.78 3.28

2009 2.85 2.77 2.67 2.46 2.55 2.70 2.85 2.88 2.98 2.92 2.75 2.66 2.75

2010 3.07 2.87 2.96 2.96 3.19 3.29 3.07 3.15 3.11 3.11 3.03 2.81 3.05

2011 ND ND ND ND ND ND ND ND ND ND ND ND ND

2012 2.84 2.90 2.84 2.91 2.84 3.07 3.06 2.91 3.12 2.84 3.07 3.68 3.01

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

Historical Data above is based on the 2012 flow split between all City of Albemarle facilities.

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWN‐14d

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.03 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ 2.23 3.21 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ 2.23 4.50 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ 2.23 5.11 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ 4.46 5.53 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ 4.46 6.32 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ 4.46 6.92 ‐‐

Applied AGR 2012‐2020: Not Used

Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 3.03 Jan 1.00

2015 5.44 Feb 0.97

2020 6.73 Mar 0.96

2030 7.34 Apr 0.96

2040 10.00 May 1.03

2050 10.79 Jun 1.06

2060 11.38 Jul 1.00

Aug 1.00

Sep 1.05

Oct 0.99

Nov 1.01

Dec 0.98

Base Year's projected flowrate is based on 2010‐2012 Average.

WTPs' permitted capacities.

Projected Flowrates shown as "Other" are based on (a) Local Water Supply Plan projected flowrates for

the entire entity and (b) historical flow splits among the entity's facilities, based on 2012 flow data.

Projected flowrate for 2015 is interpolated between Base value and 2020 value from LWSP.

Wholesale projected values are based on Catawba IBT agreement requirements for Yadkin River subbasin

flows and the assumption that flows between Albemarle's two WTPs will be split proportional to the



ID No. NWB‐15a Category Public Water/Wastewater Utilities

Entity City of Concord Type Withdrawal

Facility Coddle Creek WTP Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 7.08 6.37 6.12 6.35 7.22 7.11 7.73 7.66 7.54 6.70 5.79 5.50 6.77

2002 7.17 6.72 6.76 7.57 8.28 8.71 8.33 8.31 8.55 8.57 7.47 7.12 7.80

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 8.10 8.43 8.94 9.45 11.31 10.49 10.63 11.80 10.68 9.27 8.12 7.76 9.59

2008 ND ND ND ND ND ND ND ND ND ND ND ND ND

2009 7.57 7.37 7.63 8.01 8.12 8.93 8.84 8.38 8.39 8.20 7.51 7.20 8.01

2010 8.34 7.36 7.07 7.81 8.18 8.68 8.63 8.30 8.75 8.46 7.68 7.25 8.05

2011 7.40 7.30 7.36 7.34 7.77 8.96 9.01 9.00 8.41 8.36 7.64 7.17 7.98

2012 8.16 7.02 7.26 7.80 8.51 8.68 8.96 8.51 8.16 8.12 7.77 7.32 8.03

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

Historical Data above is based on the 2012 flow split between all City of Concord facilities.

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWB‐15a

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 8.02 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 7.34 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 8.26 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 8.47 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 9.12 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 12.24 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 14.09 ‐‐

Applied AGR 2012‐2020: Not Used

Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 8.02 Jan 0.95

2015 7.34 Feb 0.90

2020 8.26 Mar 0.92

2030 8.47 Apr 0.97

2040 9.12 May 1.05

2050 12.24 Jun 1.10

2060 14.09 Jul 1.11

Aug 1.10

Sep 1.07

Oct 1.02

Nov 0.93

Dec 0.88

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

Projected Flowrates shown above are based on (a) Yadkin River Basin flows required by Catawba IBT

agreement, (b) historical flow splits between Concord and Kannapolis, and (c) historical flow splits

among Concord's WTP facilities, based on 2012 flow data.

‐‐

‐‐



ID No. NRB‐15b Category Public Water/Wastewater Utilities

Entity City of Concord Type Return

Facility Coddle Creek WTP Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.36 0.32 0.34 0.37 0.36 0.54 0.41 0.48 0.45 0.34 0.50 0.47 0.41

2002 1.15 0.73 0.73 0.92 0.75 0.89 1.13 0.95 0.87 0.97 1.37 1.44 0.99

2003 0.90 0.90 1.00 1.04 1.80 1.45 1.16 1.59 1.37 0.86 1.13 1.33 1.21

2004 0.38 0.06 0.84 0.96 0.86 0.75 0.70 0.75 0.68 0.50 0.15 0.40 0.59

2005 0.42 0.32 0.22 0.43 0.12 0.15 0.63 0.14 0.19 0.21 0.28 0.26 0.28

2006 0.45 0.14 0.20 0.13 0.15 0.17 0.20 0.15 0.28 0.19 0.12 0.09 0.19

2007 0.16 0.19 0.15 0.14 0.19 0.27 0.25 0.39 0.35 0.10 0.08 0.10 0.19

2008 0.13 0.15 0.21 0.19 0.25 0.10 0.07 0.05 0.16 0.05 0.08 0.21 0.14

2009 0.21 0.26 0.28 0.23 0.24 0.25 0.30 0.26 0.32 0.35 0.36 0.32 0.28

2010 0.39 0.38 0.46 0.29 0.31 0.45 0.56 0.32 0.39 0.40 0.41 0.36 0.39

2011 0.62 0.40 0.35 0.26 0.26 0.30 0.35 0.36 0.40 0.37 0.33 0.31 0.36

2012 0.25 0.27 0.28 0.30 0.32 0.30 0.33 0.37 0.31 0.33 0.38 0.33 0.31

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐15b

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.36 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.33 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.37 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.38 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.40 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.54 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.63 ‐‐

Applied AGR 2012‐2020: Not Used
Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.36 Jan 1.05

2015 0.33 Feb 0.98

2020 0.37 Mar 1.03

2030 0.38 Apr 0.84

2040 0.40 May 0.93

2050 0.54 Jun 0.99

2060 0.63 Jul 1.10

Aug 1.04

Sep 1.15

Oct 0.95

Nov 0.97

Dec 0.97

‐‐

‐‐

‐‐

‐‐

Projections based on average percentage of WTP return to use from 2010‐2012 

multiplied times the water use projections

‐‐

‐‐

‐‐



ID No. NWB‐15d Category Public Water/Wastewater Utilities

Entity City of Concord Type Withdrawal

Facility Hillgrove WTP (Lake Fisher intake) Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 2.17 1.96 1.88 1.95 2.22 2.18 2.37 2.35 2.31 2.06 1.78 1.69 2.08

2002 2.20 2.06 2.08 2.32 2.54 2.67 2.56 2.55 2.63 2.63 2.29 2.19 2.39

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 2.49 2.59 2.74 2.90 3.47 3.22 3.26 3.62 3.28 2.84 2.49 2.38 2.94

2008 ND ND ND ND ND ND ND ND ND ND ND ND ND

2009 2.32 2.26 2.34 2.46 2.49 2.74 2.71 2.57 2.58 2.52 2.30 2.21 2.46

2010 2.56 2.26 2.17 2.40 2.51 2.66 2.65 2.55 2.69 2.59 2.36 2.22 2.47

2011 2.27 2.24 2.26 2.25 2.39 2.75 2.77 2.76 2.58 2.57 2.34 2.20 2.45

2012 2.51 2.16 2.23 2.40 2.61 2.66 2.75 2.61 2.51 2.49 2.39 2.25 2.46

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

Historical Data above is based on the 2012 flow split between all City of Concord facilities.

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWB‐15d

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.46 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.25 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.54 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.60 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.80 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.76 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 4.33 ‐‐

Applied AGR 2012‐2020: Not Used

Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 2.46 Jan 0.95

2015 2.25 Feb 0.90

2020 2.54 Mar 0.92

2030 2.60 Apr 0.97

2040 2.80 May 1.05

2050 3.76 Jun 1.10

2060 4.33 Jul 1.11

Aug 1.10

Sep 1.07

Oct 1.02

Nov 0.93

Dec 0.88

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

Projected Flowrates shown above are based on (a) Yadkin River Basin flows required by Catawba IBT

agreement, (b) historical flow splits between Concord and Kannapolis, and (c) historical flow splits

among Concord's WTP facilities, based on 2012 flow data.

‐‐

‐‐



ID No. NRH‐16 Category Public Water/Wastewater Utilities

Entity City of High Point Type Return

Facility Westside WWTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 4.36 4.70 4.58 4.06 3.38 3.05 2.92 3.09 2.52 2.67 2.78 2.92 3.41

2002 3.92 3.85 4.38 3.59 3.28 3.23 3.56 3.30 3.99 4.73 4.81 5.43 4.01

2003 4.32 5.33 6.34 6.28 5.64 5.99 4.72 5.86 5.42 3.68 3.38 3.95 5.07

2004 3.47 4.84 4.91 4.43 3.76 3.85 3.43 3.57 4.61 3.78 3.74 4.40 4.06

2005 3.71 4.09 4.77 4.37 3.59 3.40 3.54 3.50 3.01 3.32 3.01 3.87 3.68

2006 3.85 3.51 3.98 4.08 3.53 4.02 3.51 3.41 4.17 3.69 4.87 3.99 3.88

2007 4.50 4.08 4.53 4.67 3.71 3.62 3.28 3.25 3.11 3.55 3.04 3.47 3.73

2008 3.61 3.67 4.54 4.42 3.55 3.14 3.04 3.30 3.68 3.12 3.26 3.85 3.60

2009 3.74 3.42 4.71 3.82 3.64 3.17 2.89 2.68 2.80 3.08 4.37 4.35 3.56

2010 4.13 4.48 3.84 3.54 3.69 3.14 2.96 3.27 3.22 3.18 2.84 4.05 3.52

2011 4.12 4.05 4.55 4.08 4.16 4.07 4.05 3.56 4.05 4.40 4.21 3.91 4.10

2012 3.41 3.13 3.18 2.94 3.07 2.76 2.75 3.21 2.46 2.35 1.99 2.16 2.79

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐16

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.47 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.57 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.73 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 4.08 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 4.47 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 4.89 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 5.35 ‐‐

Applied AGR 2012‐2060: 0.91%

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 3.47 Jan 1.10

2015 3.57 Feb 1.07

2020 3.73 Mar 1.19

2030 4.08 Apr 1.10

2040 4.47 May 1.02

2050 4.89 Jun 0.93

2060 5.35 Jul 0.89

Aug 0.91

Sep 0.91

Oct 0.92

Nov 0.93

Dec 1.02

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

Applied AGR shown above is derived from 2020‐2060 growth in total water demand as listed in the 2012

Local Water Supply Plan.

‐‐

‐‐

‐‐



ID No. NWB‐17a Category Public Water/Wastewater Utilities

Entity City of Kannapolis Type Withdrawal

Facility City of Kannapolis WTP Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 7.81 7.56 5.90 6.24 6.53 6.33 6.50 6.77 6.64 6.15 6.00 5.74 6.51

2002 4.88 5.17 5.18 5.80 6.05 6.67 6.24 6.47 4.87 4.90 4.46 4.51 5.44

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 6.82 6.87 6.99 7.85 7.49 7.95 7.64 8.71 8.60 8.30 8.14 7.93 7.78

2008 9.35 9.25 8.83 4.34 4.44 5.16 4.46 4.72 3.58 3.57 3.83 3.50 5.41

2009 7.30 6.81 7.01 7.07 7.18 7.34 7.43 7.75 7.57 10.24 8.77 6.87 7.62

2010 3.42 3.30 3.31 3.72 3.93 4.17 4.33 4.19 4.11 4.15 3.71 3.62 3.83

2011 4.81 4.69 4.58 4.72 4.89 5.50 5.36 5.46 5.12 4.76 4.71 4.56 4.93

2012 3.00 3.08 2.98 3.13 3.29 3.78 4.03 3.91 3.76 3.77 3.48 3.09 3.44

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

Historical Data above is based on the 2012 flow split between all City of Kannapolis facilities.

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWB‐17a

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 4.07 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.24 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.65 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.74 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 4.03 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 5.41 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 6.23 ‐‐

Applied AGR 2012‐2020: Not Used

Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 4.07 Jan 1.05

2015 3.24 Feb 1.03

2020 3.65 Mar 1.02

2030 3.74 Apr 0.93

2040 4.03 May 0.95

2050 5.41 Jun 1.03

2060 6.23 Jul 1.01

Aug 1.05

Sep 0.99

Oct 1.05

Nov 0.99

Dec 0.90

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

Projected Flowrates shown above are based on (a) Yadkin River Basin flows required by Catawba IBT

agreement, (b) historical flow splits between Concord and Kannapolis, and (c) historical flow splits

among Kannapolis's WTP intakes, based on 2012 flow data.

‐‐

‐‐



ID No. NRB‐17b Category Public Water/Wastewater Utilities

Entity City of Kannapolis Type Return

Facility City of Kannapolis WTP Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.64 0.52 0.44 0.45 0.63 0.57 0.56 0.67 0.59 0.59 0.61 0.68 0.58

2002 0.23 0.21 0.19 0.23 0.27 0.30 0.34 0.31 0.24 0.23 0.21 0.21 0.25

2003 0.29 0.22 0.20 0.26 0.26 0.31 0.20 0.24 0.22 0.07 0.05 ND 0.21

2004 0.06 0.08 0.07 0.05 0.07 0.08 0.07 0.08 0.10 0.09 0.06 0.06 0.07

2005 0.06 0.06 0.06 0.08 0.06 0.57 0.66 0.59 0.55 0.59 0.55 0.54 0.37

2006 0.48 0.47 0.48 0.48 0.45 0.50 0.49 0.43 0.42 0.36 0.30 0.23 0.42

2007 0.33 0.36 0.45 0.42 0.36 0.31 0.43 0.43 0.42 0.42 0.40 0.36 0.39

2008 0.30 0.24 0.26 0.31 0.27 0.35 0.29 0.32 0.29 0.28 0.44 0.26 0.30

2009 0.26 0.30 0.33 0.34 0.34 0.34 0.28 0.42 0.42 0.39 0.35 0.38 0.35

2010 0.43 0.35 0.38 0.36 0.36 0.39 0.39 0.34 0.30 0.26 0.28 0.19 0.33

2011 0.26 0.28 0.28 0.24 0.27 0.29 0.32 0.29 0.32 0.26 0.20 0.20 0.27

2012 0.19 0.18 0.23 0.28 0.20 0.18 0.17 0.18 0.19 0.27 0.29 0.37 0.23

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐17b

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.28 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.22 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.25 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.26 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.28 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.37 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.43 ‐‐

Applied AGR 2012‐2020: Not Used
Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.28 Jan 0.94

2015 0.22 Feb 0.92

2020 0.25 Mar 1.03

2030 0.26 Apr 1.04

2040 0.28 May 0.97

2050 0.37 Jun 1.00

2060 0.43 Jul 1.00

Aug 1.06

Sep 1.04

Oct 1.00

Nov 1.05

Dec 0.94

‐‐

‐‐

‐‐

‐‐

Projections based on average percentage of WTP return to use from 2010‐2012 

multiplied times the water use projections

‐‐

‐‐

‐‐



ID No. NWB‐17c Category Public Water/Wastewater Utilities

Entity City of Kannapolis Type Withdrawal

Facility City of Kannapolis WTP (supplemental intake ‐ Lake Howel Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.88 0.86 0.67 0.71 0.74 0.72 0.74 0.77 0.75 0.70 0.68 0.65 0.74

2002 0.55 0.59 0.59 0.66 0.69 0.76 0.71 0.73 0.55 0.55 0.50 0.51 0.62

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 0.77 0.78 0.79 0.89 0.85 0.90 0.87 0.99 0.97 0.94 0.92 0.90 0.88

2008 1.06 1.05 1.00 0.49 0.50 0.58 0.50 0.54 0.41 0.41 0.43 0.40 0.61

2009 0.83 0.77 0.79 0.80 0.81 0.83 0.84 0.88 0.86 1.16 0.99 0.78 0.86

2010 0.39 0.37 0.38 0.42 0.44 0.47 0.49 0.47 0.47 0.47 0.42 0.41 0.43

2011 0.55 0.53 0.52 0.53 0.55 0.62 0.61 0.62 0.58 0.54 0.53 0.52 0.56

2012 0.34 0.35 0.34 0.35 0.37 0.43 0.46 0.44 0.43 0.43 0.39 0.35 0.39

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

Historical Data above is based on the 2012 flow split between all City of Kannapolis facilities.

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWB‐17c

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.46 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.37 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.41 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.42 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.46 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.61 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.71 ‐‐

Applied AGR 2012‐2020: Not Used

Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.46 Jan 1.05

2015 0.37 Feb 1.03

2020 0.41 Mar 1.02

2030 0.42 Apr 0.93

2040 0.46 May 0.95

2050 0.61 Jun 1.03

2060 0.71 Jul 1.01

Aug 1.05

Sep 0.99

Oct 1.05

Nov 0.99

Dec 0.90

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

Projected Flowrates shown above are based on (a) Yadkin River Basin flows required by Catawba IBT

agreement, (b) historical flow splits between Concord and Kannapolis, and (c) historical flow splits

among Kannapolis's WTP intakes, based on 2012 flow data.

‐‐

‐‐



ID No. NWH‐18a Category Public Water/Wastewater Utilities

Entity City of King Type Withdrawal

Facility City of King WTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 1.45 1.39 1.52 1.69 2.01 1.86 1.86 1.81 1.59 1.54 1.40 1.42 1.63

2002 1.50 1.49 1.46 1.67 1.73 2.05 1.82 1.84 1.64 1.62 1.54 1.55 1.66

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 2.17 2.17 2.15 2.21 2.44 2.41 2.40 2.55 2.49 2.26 2.18 2.16 2.30

2008 2.23 2.20 2.21 2.04 1.81 2.08 1.94 1.95 1.78 1.59 1.59 1.61 1.92

2009 1.59 1.56 1.57 1.65 1.70 1.76 1.84 1.85 1.79 1.73 1.66 1.61 1.69

2010 1.61 1.63 1.57 1.75 1.80 1.94 1.97 1.85 1.85 1.73 1.60 1.55 1.74

2011 1.37 1.35 1.34 1.38 1.45 1.78 1.68 1.74 1.63 1.72 1.66 1.67 1.57

2012 2.00 1.68 1.64 1.63 1.73 1.75 1.77 1.74 1.64 1.54 1.50 1.46 1.67

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐18a

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.66 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.67 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.69 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.73 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.78 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.82 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.87 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Stokes County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 1.66 Jan 1.01

2015 1.67 Feb 0.97

2020 1.69 Mar 0.96

2030 1.73 Apr 0.98

2040 1.78 May 1.00

2050 1.82 Jun 1.08

2060 1.87 Jul 1.06

Aug 1.07

Sep 1.03

Oct 0.97

Nov 0.94

Dec 0.92

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐18b Category Public Water/Wastewater Utilities

Entity City of King Type Return

Facility City of King WTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 ND ND ND ND ND ND ND ND ND ND ND ND ND

2002 ND ND ND ND ND ND ND ND ND ND ND ND ND

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 ND ND ND ND ND ND ND ND ND ND ND ND ND

2008 ND ND ND ND ND ND ND ND ND ND ND ND ND

2009 ND ND ND ND ND ND ND ND ND ND ND ND ND

2010 ND ND ND ND ND ND ND 0.10 0.10 0.10 0.09 0.09 0.10

2011 0.09 0.09 0.09 0.08 0.09 0.08 0.09 0.08 0.08 0.07 0.07 0.08 0.08

2012 0.07 0.10 0.09 0.11 0.13 0.13 0.16 0.14 0.22 0.12 0.15 0.09 0.13

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐18b

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.10 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.10 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.10 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.11 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.11 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.11 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.11 ‐‐

Applied AGR 2012‐2020: Not Used 0.25%

Applied AGR 2030‐2060: Not Used 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Stokes County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.10 Jan 0.79

2015 0.10 Feb 0.93

2020 0.10 Mar 0.86

2030 0.11 Apr 0.97

2040 0.11 May 1.05

2050 0.11 Jun 1.05

2060 0.11 Jul 1.22

Aug 1.05

Sep 1.30

Oct 0.99

Nov 1.01

Dec 0.84

Base Year's projected flowrate is based on 2010‐2012 Average.

Projections based on average percentage of WTP return to use from 2010‐2012 

multiplied times the water use projections

‐‐

‐‐

‐‐



ID No. NRH‐19a Category Public Water/Wastewater Utilities

Entity City of Lexington Type Return

Facility Lexington Regional WWTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 3.70 4.00 4.06 4.17 3.60 3.45 3.42 3.02 2.94 2.90 3.00 3.20 3.45

2002 3.41 2.82 3.34 2.89 2.71 2.58 2.47 2.54 2.66 3.44 4.00 4.51 3.12

2003 2.38 3.51 4.38 4.79 3.45 4.58 3.74 4.51 4.59 3.02 3.39 4.29 3.88

2004 2.93 2.41 4.17 2.96 2.38 2.72 3.14 2.04 3.75 2.66 3.34 3.31 2.99

2005 2.95 3.59 3.21 3.59 2.88 2.83 3.15 3.11 2.52 2.86 2.65 3.90 3.10

2006 3.51 2.90 2.71 2.94 2.15 3.41 2.77 2.87 3.29 2.88 4.37 3.04 3.07

2007 3.79 3.34 3.36 3.48 2.12 2.50 2.21 1.83 1.72 2.40 1.73 2.10 2.54

2008 2.11 2.44 2.61 2.80 2.05 1.47 1.76 1.96 3.06 2.18 2.06 2.73 2.27

2009 2.64 2.16 3.60 2.90 3.23 3.09 1.93 2.54 2.54 2.82 4.50 4.55 3.05

2010 3.90 4.11 3.84 2.95 3.20 2.66 2.67 3.05 2.58 3.11 3.70 2.81 3.21

2011 2.88 2.82 3.64 3.17 2.94 2.44 2.58 2.32 2.52 2.73 3.61 3.48 2.93

2012 2.94 2.77 2.77 2.59 2.82 2.49 2.61 2.70 2.67 2.54 2.13 2.17 2.60

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐19a

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.91 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.02 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.19 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.31 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.45 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.59 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.74 ‐‐

Applied AGR 2012‐2020: Not Used

Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 2.91 Jan 1.10

2015 3.02 Feb 1.06

2020 3.19 Mar 1.19

2030 3.31 Apr 1.08

2040 3.45 May 0.99

2050 3.59 Jun 0.88

2060 3.74 Jul 0.83

Aug 0.87

Sep 0.91

Oct 0.95

Nov 1.07

Dec 1.07

‐‐

‐‐

‐‐

‐‐

Projections based on average percentage of WWTP return to WTP use from 2002‐2012 

multiplied times the water use projections

‐‐

‐‐

‐‐



ID No. NRH‐19b Category Public Water/Wastewater Utilities

Entity City of Lexington Type Return

Facility Lexington WTP #1 & 2 Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.23 0.23 0.25 0.29 0.27 0.24 0.25 0.30 0.28 0.32 0.28 0.23 0.26

2002 0.30 0.37 0.30 0.28 0.30 0.35 0.36 0.34 0.27 0.28 0.29 0.30 0.31

2003 0.28 0.32 0.25 0.25 0.19 0.24 0.29 0.32 0.25 0.23 0.24 0.23 0.26

2004 0.32 0.32 0.24 0.32 0.25 0.33 0.38 0.31 0.28 0.24 0.21 0.25 0.29

2005 0.25 0.30 0.25 0.24 0.37 0.32 0.34 0.26 0.27 0.34 0.28 0.28 0.29

2006 0.27 0.23 0.31 0.25 0.31 0.35 0.27 0.30 0.30 0.28 0.29 0.28 0.29

2007 0.32 0.31 0.28 0.31 0.36 0.28 0.32 0.34 0.27 0.27 0.30 0.27 0.30

2008 0.23 0.29 0.24 0.21 0.21 0.25 0.31 0.24 0.30 0.20 0.30 0.23 0.25

2009 0.27 0.27 0.33 0.26 0.27 0.28 0.23 0.23 0.29 0.26 0.23 0.28 0.27

2010 0.31 0.40 0.26 0.27 0.38 0.28 0.49 0.14 0.21 0.18 0.16 0.16 0.27

2011 0.15 0.38 0.35 0.38 0.18 0.18 0.22 0.17 0.19 0.25 0.31 0.41 0.26

2012 0.49 0.47 0.19 0.22 0.21 0.31 0.25 0.35 0.32 0.22 0.23 0.21 0.29

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐19b

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.48 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.50 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.53 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.55 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.57 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.59 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.62 ‐‐

Applied AGR 2012‐2020: Not Used
Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.48 Jan 1.08

2015 0.50 Feb 1.29

2020 0.53 Mar 1.01

2030 0.55 Apr 1.01

2040 0.57 May 0.98

2050 0.59 Jun 0.97

2060 0.62 Jul 1.11

Aug 0.89

Sep 0.96

Oct 0.84

Nov 0.93

Dec 0.95

‐‐

‐‐

‐‐

‐‐

Projections based on average percentage of WTP return to use from 2010‐2012 

multiplied times the water use projections

‐‐

‐‐

‐‐



ID No. NWH‐19c Category Public Water/Wastewater Utilities

Entity City of Lexington Type Withdrawal

Facility Lexington WTP (Lake Thom‐A‐Lex Intake) Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 3.50 3.37 3.56 3.74 3.94 4.11 4.31 4.34 4.12 4.14 3.88 3.45 3.87

2002 3.09 3.00 2.99 3.33 3.42 3.96 3.63 3.51 3.24 3.07 3.06 3.11 3.28

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 2.83 2.84 2.95 2.98 3.36 3.39 3.43 3.93 3.59 3.34 3.03 2.85 3.21

2008 2.82 2.83 2.80 2.93 2.98 3.33 3.21 3.20 2.98 2.81 2.77 2.70 2.95

2009 2.71 2.77 2.63 2.48 2.77 2.76 2.97 2.93 2.73 2.47 2.31 2.44 2.66

2010 2.42 2.45 2.53 2.65 2.85 3.06 3.12 2.90 2.84 2.81 2.50 2.59 2.73

2011 2.53 2.52 2.46 2.75 2.75 3.19 3.31 3.03 2.84 2.75 2.63 2.69 2.79

2012 2.36 2.39 2.50 2.66 2.88 2.99 3.01 2.86 2.68 2.53 2.42 2.34 2.64

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐19c

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.72 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.82 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.98 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.09 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.22 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.35 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.49 ‐‐

Applied AGR 2012‐2020: Not Used

Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 2.72 Jan 0.92

2015 2.82 Feb 0.93

2020 2.98 Mar 0.94

2030 3.09 Apr 0.97

2040 3.22 May 1.04

2050 3.35 Jun 1.10

2060 3.49 Jul 1.12

Aug 1.11

Sep 1.04

Oct 0.98

Nov 0.92

Dec 0.92

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

Projections were developed from the LWSP. 

Projections for 2020‐2060 are directly from the LWSP; 2015 data was interpolated

‐‐

‐‐



ID No. NWB‐20a Category Public Water/Wastewater Utilities

Entity City of Monroe Type Withdrawal

Facility John Glenn WTP Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 6.62 7.07 6.90 7.33 7.61 7.71 7.48 7.13 7.13 6.72 6.19 6.15 7.00

2002 6.77 6.64 6.22 7.17 7.28 8.10 8.11 7.16 6.39 6.38 6.08 6.09 6.87

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 5.78 5.41 6.17 6.58 7.27 7.18 7.00 7.28 6.74 5.82 4.93 4.59 6.23

2008 ND ND ND ND ND ND ND ND ND ND ND ND ND

2009 5.20 5.00 5.30 5.80 5.90 6.20 6.40 5.90 6.10 5.80 5.30 5.20 5.68

2010 5.27 5.35 5.64 6.08 6.68 6.71 6.81 6.31 6.45 5.93 5.66 5.60 6.04

2011 5.80 5.40 5.30 5.80 6.70 6.70 6.90 6.70 6.70 6.40 5.90 5.80 6.18

2012 5.74 5.47 5.75 5.90 6.02 6.57 6.33 6.09 6.04 5.98 5.47 5.35 5.89

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWB‐20a

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 6.04 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 6.38 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 6.98 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 8.30 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 9.86 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 11.71 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 13.92 ‐‐

Applied AGR 2012‐2020: 1.83%

Applied AGR 2030‐2060: 1.74%

Analysis and Projections Notes

Applied AGR values shown above are based on Projected AGR values for Union County.

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 6.04 Jan 0.93

2015 6.38 Feb 0.89

2020 6.98 Mar 0.94

2030 8.30 Apr 1.00

2040 9.86 May 1.08

2050 11.71 Jun 1.11

2060 13.92 Jul 1.11

Aug 1.07

Sep 1.07

Oct 1.00

Nov 0.91

Dec 0.88

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐20b Category Public Water/Wastewater Utilities

Entity City of Monroe Type Return

Facility John Glenn WTP Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.43 0.43 0.38 0.34 0.56 0.51 0.30 0.36 0.38 0.37 0.33 0.33 0.39

2002 0.27 0.25 0.28 0.33 0.32 0.31 0.30 0.30 0.34 0.34 0.43 0.31 0.32

2003 0.35 0.28 0.40 0.43 0.42 0.53 0.43 0.38 0.41 0.38 0.39 0.37 0.40

2004 0.31 0.27 0.44 0.52 0.33 0.37 0.44 0.27 0.39 0.28 0.27 0.46 0.36

2005 0.44 0.48 0.37 0.46 0.59 0.80 0.62 0.49 0.62 0.23 0.55 0.58 0.52

2006 0.52 0.59 0.84 0.58 1.04 1.14 1.12 0.69 0.92 0.97 1.02 0.51 0.83

2007 0.38 0.34 0.69 1.04 0.67 0.94 0.90 0.82 1.10 0.85 0.73 0.82 0.77

2008 0.76 0.79 0.74 0.75 0.74 0.76 0.66 0.65 0.80 0.81 0.83 0.81 0.76

2009 0.79 0.87 0.84 0.81 0.60 0.87 0.78 0.77 0.84 0.84 0.82 0.72 0.79

2010 0.57 0.68 0.67 0.71 0.85 0.61 0.75 0.64 0.65 0.83 0.87 0.76 0.72

2011 0.69 0.57 0.61 0.84 0.86 0.69 0.78 0.62 0.69 0.67 0.74 0.76 0.71

2012 0.75 0.72 0.68 0.72 0.62 0.80 0.88 0.85 0.87 0.71 0.85 0.87 0.78

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐20b

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.74 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.78 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.85 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.01 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.20 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.43 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.70 ‐‐

Applied AGR 2012‐2020: Not Used
Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.74 Jan 0.87

2015 0.78 Feb 0.88

2020 0.85 Mar 0.93

2030 1.01 Apr 1.08

2040 1.20 May 0.96

2050 1.43 Jun 1.03

2060 1.70 Jul 1.05

Aug 0.96

Sep 1.09

Oct 1.04

Nov 1.07

Dec 1.05

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

Projections based on average percentage of WTP return to use from 2010‐2012 

multiplied times the water use projections

‐‐

‐‐

‐‐



ID No. NRB‐20c Category Public Water/Wastewater Utilities

Entity City of Monroe Type Return

Facility Monroe WWTP Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 8.83 9.64 8.68 8.39 6.38 6.13 6.89 6.10 5.82 6.27 6.00 6.82 7.15

2002 7.56 6.87 7.03 6.19 5.78 5.73 5.36 5.74 6.09 7.19 7.74 8.30 6.63

2003 6.76 10.40 11.10 10.97 8.87 8.44 7.76 8.29 6.25 5.98 5.00 6.55 8.02

2004 5.91 8.67 7.13 6.01 5.56 6.79 6.53 7.41 9.78 6.96 6.56 6.89 7.01

2005 7.13 8.10 9.49 7.67 5.80 7.39 6.20 7.10 5.55 6.35 5.97 8.52 7.10

2006 7.89 7.41 6.07 5.61 5.56 7.44 5.61 6.77 6.74 6.97 9.06 7.56 6.88

2007 9.82 8.87 8.12 6.32 5.51 5.99 5.58 5.77 5.55 5.72 5.17 5.74 6.50

2008 6.27 7.44 7.62 7.53 5.62 5.01 5.24 6.50 6.39 6.00 5.87 7.40 6.40

2009 7.16 6.79 9.45 6.42 5.49 5.30 5.13 4.99 4.54 5.07 7.26 9.19 6.40

2010 9.15 10.10 7.77 5.38 5.80 6.82 5.81 5.70 5.43 4.71 4.93 5.33 6.39

2011 5.71 6.23 7.66 6.48 6.18 5.27 4.86 5.36 5.45 5.78 5.75 5.40 5.84

2012 7.25 5.85 6.34 5.65 5.57 4.98 5.40 7.25 6.51 5.61 4.93 6.05 5.95

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐20c

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 6.06 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 6.40 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 7.01 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 8.33 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 9.89 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 11.76 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 13.97 ‐‐

Applied AGR 2012‐2020: 1.83%

Applied AGR 2030‐2060: 1.74%

Analysis and Projections Notes

Applied AGR values shown above are based on Projected AGR values for Union County.

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 6.06 Jan 1.21

2015 6.40 Feb 1.21

2020 7.01 Mar 1.25

2030 8.33 Apr 1.01

2040 9.89 May 0.91

2050 11.76 Jun 0.89

2060 13.97 Jul 0.85

Aug 0.95

Sep 0.90

Oct 0.88

Nov 0.90

Dec 1.04

Base Year's projected flowrate is based on 2010‐2012 Average.

Projections for the flow portion allotted to Union County are calculated separately as entity NRB‐20d;

those flows are excluded from the numbers shown here.

‐‐

‐‐

‐‐



ID No. NWH‐21a Category Public Water/Wastewater Utilities

Entity City of Mount Airy Type Withdrawal

Facility F. G. Doggett WTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 3.75 3.79 3.76 4.01 3.98 3.91 3.88 4.04 4.21 4.15 3.72 3.36 3.88

2002 2.38 2.33 2.22 2.50 2.73 2.80 2.82 3.18 2.83 2.86 2.58 2.30 2.63

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 2.49 2.49 2.40 2.49 2.56 2.46 2.35 2.24 1.90 1.86 1.57 1.48 2.19

2008 1.64 1.83 1.62 1.56 1.59 1.79 1.72 1.61 1.53 1.53 1.37 1.47 1.61

2009 1.53 1.59 1.52 1.37 1.56 1.71 1.79 1.69 1.62 1.61 1.53 1.37 1.57

2010 1.29 1.43 1.56 1.71 1.91 2.07 1.94 1.87 1.70 1.53 1.56 1.80 1.70

2011 1.47 1.85 1.97 2.09 2.18 1.84 1.66 1.66 1.59 1.60 1.49 1.84 1.77

2012 2.44 2.44 2.52 2.52 2.57 2.46 2.69 2.66 2.48 2.64 2.65 2.61 2.56

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

Historical Data above is based on the 2012 flow split between all City of Mount Airy facilities.

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐21a

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.01 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.02 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.05 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.10 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.15 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.21 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.26 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Surry County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 2.01 Jan 0.95

2015 2.02 Feb 1.02

2020 2.05 Mar 1.02

2030 2.10 Apr 1.03

2040 2.15 May 1.09

2050 2.21 Jun 1.08

2060 2.26 Jul 1.07

Aug 1.03

Sep 0.95

Oct 0.95

Nov 0.89

Dec 0.93

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐21b Category Public Water/Wastewater Utilities

Entity City of Mount Airy Type Return

Facility Mount Airy WWTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 4.07 4.59 3.65 6.10 6.02 5.89 5.73 5.18 4.87 5.03 4.57 4.19 4.99

2002 4.51 2.75 3.04 2.87 2.95 3.09 3.22 3.41 3.16 3.20 3.35 3.11 3.23

2003 3.43 4.05 4.16 3.72 3.29 3.96 3.50 4.09 3.27 3.29 2.69 3.19 3.55

2004 3.22 3.02 2.76 2.92 2.69 2.70 2.66 2.51 3.16 3.14 3.13 3.09 2.91

2005 2.96 2.91 2.86 2.21 1.90 2.25 2.15 2.40 2.70 2.87 2.40 2.40 2.50

2006 2.87 2.62 2.65 2.51 2.73 2.95 2.93 2.87 2.97 2.77 2.92 2.37 2.76

2007 2.59 2.05 2.80 2.37 2.24 2.18 1.84 1.78 1.89 1.64 1.40 1.63 2.03

2008 1.61 1.76 1.61 1.69 1.50 1.41 1.34 1.31 1.35 1.43 1.31 1.48 1.48

2009 1.65 1.33 1.63 1.38 1.74 1.68 1.19 1.19 1.08 1.36 2.01 2.69 1.58

2010 2.67 3.00 2.82 2.34 2.10 1.84 1.76 1.84 1.76 1.84 1.71 2.04 2.14

2011 1.85 1.96 2.68 2.54 2.49 2.26 1.81 1.73 1.88 1.83 1.66 2.40 2.09

2012 1.98 1.85 2.42 1.92 2.40 1.74 1.61 1.49 1.54 1.39 1.25 1.38 1.75

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐21b

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.99 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.01 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.03 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.09 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.14 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.19 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.25 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Surry County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 1.99 Jan 1.11

2015 2.01 Feb 1.08

2020 2.03 Mar 1.26

2030 2.09 Apr 1.11

2040 2.14 May 1.13

2050 2.19 Jun 1.00

2060 2.25 Jul 0.86

Aug 0.84

Sep 0.86

Oct 0.86

Nov 0.84

Dec 1.05

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐21c Category Public Water/Wastewater Utilities

Entity City of Mount Airy Type Withdrawal

Facility S. L. Spencer WTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 1.09 1.10 1.09 1.17 1.15 1.14 1.13 1.18 1.22 1.21 1.08 0.98 1.13

2002 0.69 0.68 0.65 0.73 0.79 0.81 0.82 0.92 0.82 0.83 0.75 0.67 0.76

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 0.72 0.72 0.70 0.72 0.74 0.72 0.68 0.65 0.55 0.54 0.46 0.43 0.64

2008 0.48 0.53 0.47 0.45 0.46 0.52 0.50 0.47 0.45 0.44 0.40 0.43 0.47

2009 0.44 0.46 0.44 0.40 0.45 0.50 0.52 0.49 0.47 0.47 0.45 0.40 0.46

2010 0.38 0.42 0.45 0.50 0.55 0.60 0.56 0.54 0.50 0.45 0.45 0.52 0.49

2011 0.43 0.54 0.57 0.61 0.63 0.54 0.48 0.48 0.46 0.46 0.43 0.53 0.51

2012 0.71 0.71 0.73 0.73 0.75 0.72 0.78 0.77 0.72 0.77 0.77 0.76 0.74

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

Historical Data above is based on the 2012 flow split between all City of Mount Airy facilities.

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐21c

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.58 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.59 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.60 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.61 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.63 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.64 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.66 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Surry County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.58 Jan 0.95

2015 0.59 Feb 1.02

2020 0.60 Mar 1.02

2030 0.61 Apr 1.03

2040 0.63 May 1.09

2050 0.64 Jun 1.08

2060 0.66 Jul 1.07

Aug 1.03

Sep 0.95

Oct 0.95

Nov 0.89

Dec 0.93

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐22a Category Public Water/Wastewater Utilities

Entity City of Salisbury Type Withdrawal

Facility Salisbury WTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 7.88 7.51 7.63 7.74 8.03 8.28 8.61 8.73 8.58 8.26 7.80 6.88 8.00

2002 5.60 5.50 5.40 6.20 6.60 7.70 7.40 7.10 6.00 5.90 5.50 6.00 6.25

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 6.20 6.30 6.30 6.50 7.70 8.90 8.80 10.60 9.60 8.60 6.60 6.00 7.68

2008 6.20 6.10 6.00 6.20 6.90 8.90 9.30 9.40 8.50 7.70 6.70 7.30 7.44

2009 6.70 6.60 6.50 6.90 7.50 9.30 10.20 10.40 9.00 7.70 6.40 6.50 7.82

2010 7.70 7.10 6.50 6.80 7.60 9.60 10.20 9.70 9.70 9.00 7.60 7.20 8.23

2011 7.70 7.50 7.30 7.50 8.60 9.30 10.50 9.90 9.40 8.60 7.80 7.10 8.44

2012 7.50 7.90 7.50 9.20 9.40 9.80 10.20 9.80 9.30 8.60 7.90 7.50 8.72

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐22a

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 8.46 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 8.66 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 8.98 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 9.68 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 10.43 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 11.24 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 12.11 ‐‐

Applied AGR 2012‐2060: 0.75%

Applied AGR 2030‐2060: Not Used
Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 8.46 Jan 0.87

2015 8.66 Feb 0.86

2020 8.98 Mar 0.83

2030 9.68 Apr 0.89

2040 10.43 May 0.99

2050 11.24 Jun 1.15

2060 12.11 Jul 1.22

Aug 1.24

Sep 1.15

Oct 1.04

Nov 0.89

Dec 0.86

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

County AGR determined to be too low for Salisbury; LWSP Projections very high

considering the service area and potential growth; AGR estimated to be 0.75%

‐‐

‐‐



ID No. NRH‐22b Category Public Water/Wastewater Utilities

Entity City of Salisbury Type Return

Facility Salisbury‐Rowan WWTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 4.98 5.36 5.38 5.47 4.62 4.37 4.46 3.91 3.76 3.85 3.89 4.40 4.53

2002 6.94 6.42 7.26 6.20 5.89 5.72 5.66 5.89 6.21 7.34 8.28 9.86 6.81

2003 7.88 9.66 11.46 13.30 11.15 10.88 8.38 8.91 8.36 7.37 6.97 7.79 9.33

2004 6.99 8.57 8.09 8.13 7.08 6.66 7.11 7.57 9.37 7.87 8.23 9.04 7.89

2005 8.62 9.32 10.47 8.85 7.24 7.65 8.40 7.38 6.37 6.90 6.86 8.98 8.08

2006 8.61 7.85 7.44 7.39 6.92 7.22 6.56 6.56 7.25 6.91 9.05 7.73 7.45

2007 9.48 8.54 9.20 8.68 6.84 6.66 6.41 6.12 6.05 6.53 6.26 6.56 7.27

2008 6.64 7.47 7.98 8.46 6.92 6.30 6.30 7.41 7.20 6.68 6.71 8.84 7.24

2009 7.92 7.03 10.06 8.37 7.16 8.40 6.32 6.20 6.09 6.25 9.00 10.66 7.79

2010 10.15 11.17 9.20 8.07 8.07 7.57 6.44 6.81 6.19 6.06 6.13 6.45 7.67

2011 6.57 7.25 8.42 7.61 6.78 6.55 6.45 5.86 6.35 6.51 8.42 8.46 7.10

2012 7.65 8.70 7.02 6.27 6.96 6.22 5.52 5.27 5.27 5.66 5.29 5.51 6.27

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐22b

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 7.01 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 7.19 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 7.46 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 8.04 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 8.67 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 9.34 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 10.06 ‐‐

Applied AGR 2012‐2020: Not Used
Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 7.01 Jan 1.12

2015 7.19 Feb 1.16

2020 7.46 Mar 1.20

2030 8.04 Apr 1.10

2040 8.67 May 0.99

2050 9.34 Jun 0.96

2060 10.06 Jul 0.86

Aug 0.87

Sep 0.86

Oct 0.87

Nov 0.96

Dec 1.07

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

Projections based on average percentage of WTP return to use from 2010‐2012 

multiplied times the water use projections

‐‐

‐‐

‐‐



ID No. NWH‐23a Category Public Water/Wastewater Utilities

Entity City of Statesville Type Withdrawal

Facility City of Statesville WTP (S. Yadkin River intake) Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 4.71 4.77 4.68 4.89 5.22 5.32 5.35 5.44 5.47 5.76 5.34 5.18 5.18

2002 4.25 4.21 4.29 4.84 5.06 5.56 4.47 3.11 2.61 2.93 2.91 2.90 3.92

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 3.57 3.78 4.03 3.71 4.83 4.62 4.32 5.09 4.40 4.02 3.56 3.51 4.12

2008 3.47 3.35 3.04 3.30 3.48 4.07 3.86 3.54 3.36 3.37 3.21 2.98 3.42

2009 3.04 2.98 3.19 3.07 3.09 3.27 3.62 3.37 3.25 3.04 2.96 2.85 3.14

2010 3.05 3.15 3.00 3.27 3.35 3.54 3.67 3.60 3.73 3.36 3.04 2.97 3.31

2011 2.93 2.95 2.98 3.08 3.21 3.57 3.42 3.47 3.35 3.17 3.03 2.87 3.17

2012 2.85 2.85 2.94 3.01 3.22 3.27 3.44 3.33 3.23 3.12 3.17 2.99 3.12

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐23a

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.20 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.86 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 4.97 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 5.37 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 5.79 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 6.28 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 6.85 ‐‐

Applied AGR 2012‐2020: Not Used

Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 3.20 Jan 0.93

2015 3.86 Feb 0.94

2020 4.97 Mar 0.95

2030 5.37 Apr 0.96

2040 5.79 May 1.04

2050 6.28 Jun 1.10

2060 6.85 Jul 1.10

Aug 1.10

Sep 1.05

Oct 0.99

Nov 0.93

Dec 0.90

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

Projections were developed from the LWSP. 

Projections for 2020‐2060 are directly from the LWSP; 2015 data was interpolated

‐‐

‐‐

‐‐



ID No. NRH‐23b Category Public Water/Wastewater Utilities

Entity City of Statesville Type Return

Facility Fourth Creek WWTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 2.89 3.54 3.22 3.37 2.81 2.69 2.75 2.76 2.70 2.87 2.72 3.23 2.96

2002 2.60 2.36 2.59 2.30 2.39 2.69 2.73 2.35 2.42 2.61 3.11 3.28 2.62

2003 2.80 3.16 3.90 4.04 3.27 3.26 3.01 2.95 2.76 2.65 2.72 2.85 3.11

2004 2.64 3.01 2.79 2.80 2.74 2.67 2.51 2.61 3.16 2.69 3.13 3.21 2.83

2005 3.05 3.16 3.14 2.90 2.73 2.54 2.65 2.75 2.59 2.48 2.41 2.79 2.76

2006 2.94 2.57 2.74 2.81 2.61 2.67 2.49 2.67 2.84 3.04 2.93 2.97 2.78

2007 3.23 2.88 3.38 3.01 3.37 2.94 2.82 2.91 2.78 3.00 2.89 2.99 3.02

2008 2.93 3.09 3.31 3.19 2.74 3.01 2.75 3.12 3.13 2.83 2.86 3.35 3.03

2009 3.38 2.77 3.47 3.26 3.39 3.53 2.80 2.98 2.91 2.95 3.26 3.40 3.18

2010 3.70 3.68 3.40 3.26 3.34 3.02 3.06 3.05 3.08 2.87 2.71 2.73 3.16

2011 2.61 2.73 3.12 2.89 2.78 2.34 2.28 2.10 2.20 2.06 2.18 2.23 2.46

2012 2.11 2.08 2.14 2.05 2.37 2.07 2.09 2.02 2.18 2.03 1.90 2.02 2.09

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐23b

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.57 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.14 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 4.04 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 4.37 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 4.71 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 5.11 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 5.57 ‐‐

Applied AGR 2012‐2020: Not Used

Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 2.57 Jan 1.06

2015 3.14 Feb 1.02

2020 4.04 Mar 1.11

2030 4.37 Apr 1.04

2040 4.71 May 1.06

2050 5.11 Jun 1.00

2060 5.57 Jul 0.93

Aug 0.96

Sep 0.96

Oct 0.93

Nov 0.93

Dec 0.99

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

Projections based on (a) LWSP projected water use and (b) historic ratio of WWTP flows to WTP flows

(using 2010‐2012 average to determine ratio).

‐‐

‐‐

‐‐



ID No. NRH‐23c Category Public Water/Wastewater Utilities

Entity City of Statesville Type Return

Facility Third Creek WWTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 2.08 2.24 2.16 2.27 1.95 1.91 1.77 1.75 1.97 2.00 1.84 1.85 1.98

2002 1.71 1.47 1.43 1.35 1.37 1.28 1.27 1.16 1.20 1.03 1.11 1.12 1.29

2003 0.91 1.45 1.91 1.95 1.53 1.62 1.33 1.35 1.03 1.11 1.21 1.27 1.39

2004 1.16 1.44 1.66 1.82 1.54 1.57 1.34 1.27 1.58 1.24 1.79 2.08 1.54

2005 1.53 1.54 2.04 1.38 1.27 1.44 1.33 1.35 1.28 1.47 1.37 1.56 1.46

2006 1.63 1.31 1.29 1.43 1.27 1.30 1.11 1.35 1.34 1.38 1.64 1.23 1.36

2007 1.77 1.72 1.79 ND 1.34 1.30 1.29 1.21 1.42 1.32 1.23 1.43 1.44

2008 1.31 1.35 1.35 1.45 1.08 1.06 1.15 1.24 1.28 1.19 1.11 1.38 1.25

2009 1.31 1.30 1.75 1.29 1.36 1.31 0.98 1.04 1.08 1.17 1.54 1.75 1.32

2010 1.61 1.98 1.53 1.50 1.80 1.48 1.26 1.39 1.41 1.18 1.13 1.23 1.46

2011 1.14 1.19 1.37 0.93 0.81 0.70 0.62 0.74 0.88 0.73 0.88 0.91 0.91

2012 0.88 0.90 0.88 0.80 0.88 0.78 0.76 0.70 0.82 0.87 0.73 0.83 0.82

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐23c

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.06 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.35 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.74 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.88 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.03 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.20 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.40 ‐‐

Applied AGR 2012‐2020: Not Used

Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 1.06 Jan 1.12

2015 1.35 Feb 1.17

2020 1.74 Mar 1.21

2030 1.88 Apr 1.00

2040 2.03 May 1.01

2050 2.20 Jun 0.92

2060 2.40 Jul 0.84

Aug 0.88

Sep 0.96

Oct 0.90

Nov 0.92

Dec 1.05

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

Projections based on (a) LWSP projected water use and (b) historic ratio of WWTP flows to WTP flows

(using 2010‐2012 average to determine ratio).

‐‐

‐‐

‐‐



ID No. NWH‐24a Category Public Water/Wastewater Utilities

Entity City of Thomasville Type Withdrawal

Facility City of Thomasville WTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 3.22 3.15 2.97 3.13 3.37 3.31 3.31 3.35 3.24 3.17 2.83 2.84 3.16

2002 2.53 2.36 2.35 2.77 3.00 3.15 2.72 2.85 2.63 2.54 2.33 2.34 2.63

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 2.77 2.72 2.77 2.81 3.37 3.28 3.26 3.47 3.14 2.95 2.65 2.55 2.98

2008 ND ND ND ND ND ND ND ND ND ND ND ND ND

2009 2.41 2.49 2.63 2.24 2.59 2.66 2.51 2.68 2.69 2.55 2.52 2.47 2.54

2010 2.62 2.52 2.56 2.70 2.72 2.67 2.75 2.58 2.86 3.21 3.30 2.47 2.75

2011 2.35 2.15 2.08 2.02 2.02 3.16 2.79 2.73 2.45 2.47 2.40 2.38 2.42

2012 2.35 2.33 2.32 2.41 2.66 2.73 2.78 2.56 2.38 2.37 2.25 2.29 2.45

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐24a

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.54 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.55 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.58 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.71 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.86 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.94 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.02 ‐‐

Applied AGR 2012‐2020: Not Used
Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 2.54 Jan 0.95

2015 2.55 Feb 0.93

2020 2.58 Mar 0.94

2030 2.71 Apr 0.93

2040 2.86 May 1.02

2050 2.94 Jun 1.10

2060 3.02 Jul 1.07

Aug 1.07

Sep 1.03

Oct 1.03

Nov 1.00

Dec 0.93

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

Projections were developed from the LWSP.  

Projections for 2020‐2060 are directly from the LWSP; 2015 data was interpolated

‐‐

‐‐

‐‐



ID No. NRH‐24b Category Public Water/Wastewater Utilities

Entity City of Thomasville Type Return

Facility Hamby Creek WWTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 3.71 3.60 3.67 3.64 3.14 2.74 2.68 2.42 2.51 2.60 2.65 2.91 3.02

2002 2.80 2.58 3.00 2.57 2.31 2.14 2.29 2.45 2.91 3.16 3.45 3.12 2.73

2003 2.81 2.87 4.12 3.92 3.55 3.44 3.04 3.34 3.01 2.37 2.29 2.29 3.09

2004 2.19 2.53 2.64 2.50 2.34 2.35 2.47 2.46 2.63 2.45 2.48 2.50 2.46

2005 2.42 2.48 2.60 2.99 2.95 3.00 2.87 2.64 2.20 2.47 2.60 3.30 2.71

2006 3.17 3.04 2.76 2.78 2.52 2.73 2.60 2.47 2.91 2.69 2.86 2.37 2.74

2007 3.48 3.11 2.89 2.95 2.39 2.66 2.53 2.25 2.07 2.55 2.36 2.59 2.65

2008 2.72 3.01 3.45 2.96 2.82 1.81 1.86 2.10 2.45 2.08 2.02 2.56 2.49

2009 2.50 2.24 3.77 2.61 2.15 2.22 1.71 1.84 1.98 1.97 2.91 3.21 2.43

2010 2.91 3.98 2.93 2.56 2.41 2.17 2.17 2.39 2.19 2.17 1.91 1.92 2.47

2011 2.04 2.18 2.46 2.49 2.30 1.89 2.03 1.81 2.10 2.14 2.67 2.75 2.24

2012 2.34 2.39 2.47 2.09 2.20 2.01 2.04 2.22 2.13 2.07 1.64 1.81 2.12

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐24b

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.27 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.29 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.31 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.43 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.56 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.63 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.70 ‐‐

Applied AGR 2012‐2020: Not Used

Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 2.27 Jan 1.11

2015 2.29 Feb 1.18

2020 2.31 Mar 1.25

2030 2.43 Apr 1.09

2040 2.56 May 0.99

2050 2.63 Jun 0.89

2060 2.70 Jul 0.86

Aug 0.88

Sep 0.90

Oct 0.90

Nov 0.94

Dec 1.03

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

Projections based on (a) LWSP projected water use and (b) historic ratio of WWTP flows to WTP flows

(using 2010‐2012 average to determine ratio).

‐‐

‐‐

‐‐



ID No. NRH‐25a Category Public Water/Wastewater Utilities

Entity City of Winston‐Salem Type Return

Facility Archie Elledge WWTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 21.37 22.72 22.33 23.33 21.05 20.95 20.27 20.80 20.96 20.39 19.97 18.98 21.08

2002 18.19 18.23 17.79 18.05 17.79 18.16 17.22 18.08 18.71 19.98 19.73 19.40 18.44

2003 17.92 19.78 22.01 22.19 20.34 21.65 21.30 20.92 19.54 18.11 17.12 17.79 19.89

2004 16.70 18.44 18.32 17.93 17.64 17.52 16.79 18.67 21.20 18.22 18.58 19.12 18.25

2005 17.87 18.16 18.89 18.54 17.72 18.18 17.72 18.33 17.66 18.05 17.26 18.42 18.07

2006 17.37 16.93 16.90 17.30 16.97 17.75 18.25 18.77 19.93 18.50 19.88 17.37 17.99

2007 20.44 18.40 19.89 19.11 17.95 18.70 17.20 17.22 16.72 17.75 15.93 16.24 17.96

2008 16.58 17.38 17.08 18.61 17.55 15.89 15.91 16.78 17.81 16.55 16.77 17.40 17.02

2009 17.95 16.60 18.69 17.24 17.00 17.95 16.01 16.25 16.15 16.30 20.85 20.45 17.62

2010 18.88 20.52 19.69 18.33 17.61 17.93 17.14 17.70 16.85 16.68 15.60 14.79 17.62

2011 14.89 14.98 15.56 14.62 14.58 15.06 17.28 16.67 16.93 15.29 16.36 15.80 15.67

2012 15.45 15.41 15.89 14.17 15.62 13.75 13.65 14.78 16.30 15.18 13.88 13.89 14.83

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐25a

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 16.04 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 17.37 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 19.05 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 21.37 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 22.30 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 23.56 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 25.13 ‐‐

Applied AGR 2012‐2020: Not Used

Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 16.04 Jan 1.03

2015 17.37 Feb 1.03

2020 19.05 Mar 1.06

2030 21.37 Apr 1.01

2040 22.30 May 1.00

2050 23.56 Jun 0.99

2060 25.13 Jul 0.96

Aug 0.99

Sep 1.00

Oct 0.97

Nov 0.99

Dec 0.98

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

Projections based on (a) LWSP projected water use and (b) historic ratio of WWTP flows to WTP flows

(using 2010‐2012 average to determine ratio).

‐‐

‐‐

‐‐



ID No. NRH‐25b Category Public Water/Wastewater Utilities

Entity City of Winston‐Salem Type Return

Facility Muddy Creek WWTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 13.41 14.43 14.51 14.46 13.70 13.09 12.47 12.77 12.50 12.07 11.91 12.16 13.11

2002 15.19 13.85 14.05 13.68 13.21 13.10 13.96 13.99 14.55 15.56 16.99 16.97 14.60

2003 15.80 18.25 27.22 27.81 22.49 22.99 25.93 18.08 18.45 15.78 15.53 16.38 20.40

2004 15.44 19.73 16.24 16.64 15.49 15.46 15.18 15.14 23.19 15.39 16.25 16.54 16.70

2005 16.04 16.39 19.54 16.88 15.38 15.16 16.28 15.94 14.00 15.86 15.61 17.60 16.23

2006 18.24 16.55 15.46 14.74 14.60 15.15 17.64 13.77 16.63 14.44 19.52 14.45 15.92

2007 23.38 14.93 19.45 17.04 14.22 14.29 13.74 13.57 13.23 13.99 13.63 14.30 15.49

2008 14.20 15.13 14.84 16.61 15.62 13.19 12.91 13.30 13.98 13.63 13.83 15.12 14.36

2009 15.30 14.17 16.39 15.77 14.97 15.57 12.59 13.10 13.30 13.38 16.58 17.88 14.92

2010 22.16 19.57 16.96 15.81 14.48 14.53 13.27 14.27 13.35 15.91 15.30 15.69 15.92

2011 15.47 15.55 17.72 16.81 16.20 14.02 13.08 12.36 13.82 14.58 15.82 15.85 15.10

2012 15.17 15.14 16.19 15.81 18.44 15.22 14.50 15.36 14.33 14.81 14.25 14.84 15.34

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐25b

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 15.46 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 15.46 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 16.96 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 19.02 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 19.85 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 20.98 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 22.38 ‐‐

Applied AGR 2012‐2020: Not Used

Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 15.46 Jan 1.16

2015 15.46 Feb 1.04

2020 16.96 Mar 1.11

2030 19.02 Apr 1.07

2040 19.85 May 1.03

2050 20.98 Jun 0.95

2060 22.38 Jul 0.88

Aug 0.90

Sep 0.90

Oct 0.95

Nov 0.98

Dec 1.03

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

Projections based on (a) LWSP projected water use and (b) historic ratio of WWTP flows to WTP flows

(using 2010‐2012 average to determine ratio).

‐‐

‐‐

‐‐



ID No. NRH‐25c Category Public Water/Wastewater Utilities

Entity City of Winston‐Salem Type Return

Facility P. W. Swann WTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 ND ND ND ND ND ND ND ND ND ND ND ND ND

2002 ND ND ND ND ND ND ND ND ND ND ND ND ND

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND 0.76 0.42 0.52 0.53 0.39 0.41 0.51

2005 0.37 0.41 0.57 0.60 0.60 0.50 0.66 0.46 1.56 1.08 0.39 0.37 0.63

2006 0.37 0.46 0.40 0.41 0.40 0.49 0.41 0.38 0.43 0.37 0.38 0.37 0.41

2007 0.35 0.46 0.55 0.37 0.38 0.40 0.38 0.40 0.46 0.37 0.39 0.35 0.40

2008 0.37 0.39 0.50 0.38 0.56 0.40 0.40 0.35 0.42 0.54 0.46 0.40 0.43

2009 0.45 0.35 0.36 0.33 0.37 0.39 0.39 0.41 0.48 0.53 0.38 0.50 0.41

2010 0.58 0.58 0.50 0.42 0.41 0.50 0.30 0.44 0.50 0.52 0.40 0.47 0.47

2011 0.43 0.59 0.49 0.55 0.40 0.38 0.42 0.38 0.36 0.36 0.52 0.44 0.44

2012 0.37 0.39 0.36 0.36 0.36 0.34 0.41 0.38 0.57 0.39 0.38 0.31 0.38

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐25c

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.43 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.46 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.50 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.56 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.59 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.62 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.66 ‐‐

Applied AGR 2012‐2020: Not Used
Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.43 Jan 1.00

2015 0.46 Feb 1.08

2020 0.50 Mar 1.09

2030 0.56 Apr 0.95

2040 0.59 May 0.98

2050 0.62 Jun 0.95

2060 0.66 Jul 0.91

Aug 0.93

Sep 1.10

Oct 1.06

Nov 1.00

Dec 0.97

‐‐

‐‐

‐‐

‐‐

Projections based on average percentage of WTP return to use from 2010‐2012 

multiplied times the water use projections

‐‐

‐‐

‐‐



ID No. NRH‐25d Category Public Water/Wastewater Utilities

Entity City of Winston‐Salem Type Return

Facility R. A. Thomas WTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.90 ND 0.56 1.08 0.56 0.81 0.67 0.72 1.11 0.76 0.61 0.63 0.76

2002 0.55 0.77 0.39 0.71 0.83 1.10 1.09 0.99 0.87 0.84 0.61 0.62 0.78

2003 0.82 0.53 1.08 0.92 0.85 0.89 0.78 0.90 0.80 0.74 0.84 ND 0.83

2004 0.77 0.80 0.68 0.67 0.74 0.71 0.70 0.70 0.46 0.36 0.45 0.45 0.62

2005 0.58 0.57 0.43 0.46 0.92 0.66 0.69 0.66 0.68 0.68 0.76 0.92 0.67

2006 0.94 0.95 0.87 1.24 0.85 0.86 0.76 0.72 0.87 0.93 0.91 0.96 0.90

2007 0.95 0.91 0.81 0.77 0.65 0.69 0.58 0.60 0.58 0.64 0.63 0.78 0.71

2008 0.63 0.64 0.62 0.72 0.58 0.72 0.79 0.70 0.53 0.23 ND ND 0.62

2009 ND ND ND ND ND ND ND ND ND ND ND ND ND

2010 ND ND ND ND ND ND ND ND ND ND ND ND ND

2011 ND ND ND ND ND 1.36 1.42 3.56 3.04 0.31 0.42 0.51 1.52

2012 0.37 0.32 0.33 0.26 0.29 0.24 0.25 0.22 0.30 0.29 0.25 0.25 0.28

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐25d

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.89 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.95 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.04 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.17 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.22 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.29 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.37 ‐‐

Applied AGR 2012‐2020: Not Used
Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.89 Jan 1.21

2015 0.95 Feb 1.16

2020 1.04 Mar 1.10

2030 1.17 Apr 1.09

2040 1.22 May 0.95

2050 1.29 Jun 1.03

2060 1.37 Jul 1.01

Aug 0.94

Sep 0.88

Oct 0.72

Nov 0.82

Dec 0.95

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

Projections based on average percentage of WTP return to use from 2010‐2012 

multiplied times the water use projections

‐‐

‐‐

‐‐



ID No. NWH‐25e Category Public Water/Wastewater Utilities

Entity City of Winston‐Salem Type Withdrawal

Facility P. W. Swann WTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 11.86 11.96 11.87 12.62 13.66 14.06 14.33 14.59 14.94 13.31 12.42 11.84 13.13

2002 11.87 12.36 12.11 14.02 15.37 16.00 15.43 15.83 13.91 12.92 11.92 11.95 13.65

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 10.41 10.83 10.83 11.39 13.74 13.15 12.42 14.53 13.86 12.56 11.09 10.36 12.10

2008 10.59 10.44 10.36 11.00 11.59 14.15 13.30 12.80 11.62 10.86 10.39 9.77 11.41

2009 10.41 10.00 10.06 10.59 10.36 12.03 12.59 12.89 11.80 10.83 10.44 9.94 11.00

2010 10.65 10.39 10.09 10.97 11.41 12.71 13.12 12.18 12.97 11.44 8.18 10.09 11.19

2011 10.12 9.97 9.86 10.00 11.06 13.53 12.53 13.56 12.62 11.59 10.44 10.00 11.28

2012 9.94 9.89 10.24 10.59 11.24 12.65 13.18 12.62 11.65 11.03 10.62 9.77 11.12

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

Prior to 2010, the P. W. Swann WTP was known as the Northwest WTP.

Historical Data above is based on the 2012 flow split between all City of Winston‐Salem facilities.

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐25e

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 11.20 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 11.89 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 13.04 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 14.62 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 15.26 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 16.13 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 17.20 ‐‐

Applied AGR 2012‐2020: Not Used

Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 11.20 Jan 0.91

2015 11.89 Feb 0.90

2020 13.04 Mar 0.90

2030 14.62 Apr 0.95

2040 15.26 May 1.02

2050 16.13 Jun 1.15

2060 17.20 Jul 1.13

Aug 1.15

Sep 1.09

Oct 1.00

Nov 0.90

Dec 0.88

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

Projected Flowrates shown above are based on (a) Local Water Supply Plan projected flowrates for

the entire entity and (b) historical flow splits among the entity's facilities, based on 2012 flow data.

Projected flowrate for 2015 is interpolated between Base value and 2020 value from LWSP.

‐‐

‐‐



ID No. NWH‐25f Category Public Water/Wastewater Utilities

Entity City of Winston‐Salem Type Withdrawal

Facility R. W. Neilson WTP / R. A. Thomas WTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 28.45 28.70 28.49 30.28 32.76 33.73 34.38 34.99 35.85 31.92 29.80 28.41 31.49

2002 28.47 29.64 29.04 33.62 36.88 38.39 37.01 37.97 33.36 31.01 28.59 28.68 32.74

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 24.99 25.97 25.97 27.31 32.96 31.55 29.78 34.87 33.24 30.14 26.61 24.84 29.04

2008 25.41 25.06 24.84 26.40 27.81 33.95 31.90 30.70 27.88 26.04 24.91 23.43 27.36

2009 24.99 24.00 24.14 25.41 24.84 28.87 30.21 30.91 28.30 25.97 25.06 23.86 26.39

2010 25.55 24.91 24.21 26.33 27.39 30.49 31.48 29.22 31.13 27.46 19.62 24.21 26.85

2011 24.28 23.93 23.64 24.00 26.54 32.47 30.07 32.54 30.28 27.81 25.06 24.00 27.07

2012 23.86 23.71 24.56 25.41 26.96 30.35 31.62 30.28 27.95 26.47 25.48 23.43 26.68

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

The flows for R. A. Thomas WTP are included in the historical data shown above.

Historical Data above is based on the 2012 flow split between all City of Winston‐Salem facilities.

backwash waste flow discharged from this WTP.

‐‐

‐‐

‐‐

‐‐

‐‐

The R. W. Neilson WTP recycles its decanted lagoon effluent back to the headwaters of the plant, therefore there is no



ID No. NWH‐25f

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 26.87 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 28.52 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 31.28 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 35.08 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 36.62 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 38.69 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 41.27 ‐‐

Applied AGR 2012‐2020: Not Used

Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 26.87 Jan 0.91

2015 28.52 Feb 0.90

2020 31.28 Mar 0.90

2030 35.08 Apr 0.95

2040 36.62 May 1.02

2050 38.69 Jun 1.15

2060 41.27 Jul 1.13

Aug 1.15

Sep 1.09

Oct 1.00

Nov 0.90

Dec 0.88

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

Projected Flowrates shown above are based on (a) Local Water Supply Plan projected flowrates for

the entire entity and (b) historical flow splits among the entity's facilities, based on 2012 flow data.

Projected flowrate for 2015 is interpolated between Base value and 2020 value from LWSP.

‐‐

‐‐



ID No. NWH‐27a Category Public Water/Wastewater Utilities

Entity Davidson Water Inc Type Withdrawal

Facility C. O. Pickle WP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 8.29 7.97 8.05 8.14 9.31 9.89 10.51 10.65 10.02 9.47 9.45 8.71 9.21

2002 8.71 8.34 8.55 10.37 11.71 12.92 11.21 11.00 9.78 9.70 9.35 9.38 10.09

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 10.06 10.40 10.45 11.21 13.96 12.84 12.67 14.81 13.69 10.19 10.77 10.19 11.78

2008 10.12 9.72 9.78 10.13 11.92 15.36 12.97 12.73 11.81 11.29 10.08 9.58 11.29

2009 9.97 9.83 9.70 10.13 12.20 11.99 12.18 11.43 11.09 10.65 10.39 10.41 10.84

2010 11.07 10.99 10.10 11.25 12.32 12.80 13.22 11.84 12.41 10.92 9.97 8.92 11.32

2011 9.74 9.30 9.54 9.44 10.39 12.63 11.90 11.25 10.48 9.27 9.39 9.07 10.20

2012 9.02 8.74 9.43 9.83 10.74 11.62 11.63 10.30 10.21 9.45 9.34 8.79 9.93

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐27a

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 10.48 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 10.56 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 10.69 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 10.96 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 11.24 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 11.53 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 11.82 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Davidson County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 10.48 Jan 0.92

2015 10.56 Feb 0.90

2020 10.69 Mar 0.90

2030 10.96 Apr 0.95

2040 11.24 May 1.09

2050 11.53 Jun 1.18

2060 11.82 Jul 1.14

Aug 1.11

Sep 1.07

Oct 0.95

Nov 0.92

Dec 0.87

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐27b Category Public Water/Wastewater Utilities

Entity Davidson Water Inc Type Return

Facility Davidson Water WTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.20 0.21 0.20 0.21 0.22 0.22 0.22 0.24 0.22 0.20 0.20 0.20 0.21

2002 0.26 0.25 0.28 0.28 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.28

2003 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29

2004 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29

2005 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29

2006 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29

2007 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29

2008 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29

2009 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29

2010 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.26 0.24 0.27 0.29 0.28

2011 0.40 0.35 0.44 0.37 0.47 0.54 0.50 0.48 0.42 0.38 0.40 0.37 0.43

2012 0.41 0.34 0.46 0.55 0.42 0.41 0.44 0.34 0.40 0.34 0.40 0.33 0.40

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐27b

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.37 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.38 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.38 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.39 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.40 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.41 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.42 ‐‐

Applied AGR 2012‐2020: Not Used
Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.37 Jan 1.00

2015 0.38 Feb 0.93

2020 0.38 Mar 1.03

2030 0.39 Apr 1.05

2040 0.40 May 1.04

2050 0.41 Jun 1.06

2060 0.42 Jul 1.06

Aug 1.00

Sep 0.99

Oct 0.92

Nov 0.98

Dec 0.94

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

Projections based on average percentage of (WTP return) to (WTP use) from 2010‐2012 

multiplied by the water use projections

‐‐

‐‐

‐‐



ID No. NWH‐28a Category Public Water/Wastewater Utilities

Entity Davie County Type Withdrawal

Facility Cooleemee WTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.77 0.72 0.73 0.76 0.92 0.92 1.04 1.06 0.99 0.88 0.76 0.73 0.86

2002 0.98 0.91 0.92 1.18 1.38 1.51 1.43 1.42 1.18 1.00 0.93 0.87 1.14

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 0.97 0.92 0.98 1.10 1.43 1.41 1.31 1.75 1.61 1.35 1.12 1.00 1.25

2008 0.88 0.80 0.88 0.90 1.15 1.50 1.24 1.19 1.05 0.97 0.90 0.86 1.03

2009 1.10 1.07 1.02 1.09 1.09 1.32 1.44 1.40 1.25 1.10 0.99 1.04 1.16

2010 0.96 0.92 0.89 1.01 1.12 1.22 1.30 1.20 1.29 1.17 1.01 1.01 1.09

2011 0.97 0.92 0.93 0.96 1.06 1.41 1.38 1.38 1.25 1.16 0.99 0.95 1.11

2012 0.94 0.90 0.94 1.08 1.14 1.34 1.52 1.50 1.15 1.26 1.12 0.99 1.16

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

Bear Creek WWTP (see entity sheet NWH‐65a) was replaced with a pump station to Cooleemee WWTP in 2008.

Historical Data above is based on the 2012 flow split between all Davie County facilities.

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐28a

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.12 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.13 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.15 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.18 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.22 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.25 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.29 ‐‐

Applied AGR 2012‐2020: 0.30%

Applied AGR 2030‐2060: 0.29%

Analysis and Projections Notes

Applied AGR values shown above are based on Projected AGR values for Davie County.

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 1.12 Jan 0.86

2015 1.13 Feb 0.81

2020 1.15 Mar 0.83

2030 1.18 Apr 0.90

2040 1.22 May 1.03

2050 1.25 Jun 1.21

2060 1.29 Jul 1.20

Aug 1.24

Sep 1.12

Oct 1.03

Nov 0.90

Dec 0.86

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐28b Category Public Water/Wastewater Utilities

Entity Davie County Type Withdrawal

Facility Sparks Road WTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 1.08 1.01 1.02 1.07 1.28 1.29 1.45 1.49 1.39 1.23 1.07 1.02 1.20

2002 1.37 1.27 1.29 1.65 1.94 2.12 2.01 1.98 1.65 1.40 1.30 1.22 1.60

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 1.35 1.30 1.37 1.54 2.00 1.98 1.84 2.45 2.26 1.89 1.57 1.40 1.75

2008 1.23 1.12 1.23 1.26 1.62 2.10 1.74 1.67 1.47 1.36 1.26 1.20 1.44

2009 1.55 1.49 1.44 1.52 1.53 1.84 2.02 1.97 1.75 1.54 1.38 1.46 1.63

2010 1.34 1.28 1.24 1.41 1.57 1.71 1.83 1.69 1.80 1.64 1.41 1.41 1.53

2011 1.36 1.29 1.30 1.35 1.49 1.97 1.93 1.93 1.76 1.63 1.39 1.33 1.56

2012 1.32 1.26 1.31 1.51 1.60 1.88 2.12 2.11 1.61 1.77 1.57 1.39 1.62

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

Historical Data above is based on the 2012 flow split between all Davie County facilities.

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐28b

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.57 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.59 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.61 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.66 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.70 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.75 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.81 ‐‐

Applied AGR 2012‐2020: 0.30%

Applied AGR 2030‐2060: 0.29%

Analysis and Projections Notes

Applied AGR values shown above are based on Projected AGR values for Davie County.

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 1.57 Jan 0.86

2015 1.59 Feb 0.81

2020 1.61 Mar 0.83

2030 1.66 Apr 0.90

2040 1.70 May 1.03

2050 1.75 Jun 1.21

2060 1.81 Jul 1.20

Aug 1.24

Sep 1.12

Oct 1.03

Nov 0.90

Dec 0.86

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐28c Category Public Water/Wastewater Utilities

Entity Davie County Type Return

Facility Sparks Road WTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 ND ND ND ND ND ND ND ND ND ND ND ND ND

2002 ND ND ND ND ND ND ND ND ND ND ND ND ND

2003 ND ND ND ND ND ND ND ND ND ND 0.53 0.38 0.45

2004 0.38 0.27 0.19 0.31 0.25 0.41 0.46 0.37 0.42 0.41 0.54 0.40 0.37

2005 0.37 0.41 0.33 0.28 0.30 0.13 0.28 0.43 0.39 0.14 0.12 0.08 0.27

2006 0.11 0.08 0.09 0.18 0.13 0.15 0.12 0.14 0.15 0.14 0.23 0.21 0.14

2007 0.18 0.12 0.10 0.18 0.12 0.18 0.14 0.10 0.11 0.10 0.17 0.16 0.14

2008 0.12 0.09 0.11 0.15 0.11 0.16 0.14 0.12 0.15 0.18 0.13 0.09 0.13

2009 0.09 0.12 0.10 0.09 0.11 0.22 0.18 0.21 0.19 0.12 0.19 0.25 0.16

2010 0.16 0.07 0.13 0.19 0.14 0.13 0.18 0.23 0.22 0.23 0.16 0.20 0.17

2011 0.15 0.15 1.05 1.02 1.05 1.40 1.53 1.55 1.54 1.31 1.16 1.06 1.09

2012 ND ND 1.00 1.20 1.57 1.56 1.71 1.89 1.46 1.75 1.44 1.23 1.48

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐28c

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.91 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.91 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.92 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.95 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.98 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.01 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.04 ‐‐

Applied AGR 2012‐2020: Not Used
Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.91 Jan 0.42

2015 0.91 Feb 0.33

2020 0.92 Mar 0.88

2030 0.95 Apr 0.97

2040 0.98 May 0.92

2050 1.01 Jun 1.24

2060 1.04 Jul 1.29

Aug 1.31

Sep 1.31

Oct 1.15

Nov 1.08

Dec 1.05

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

Projections based on average percentage of WTP return to use from 2010‐2012 

multiplied times the water use projections

‐‐

‐‐

‐‐



ID No. NRH‐28d Category Public Water/Wastewater Utilities

Entity Davie County Type Return

Facility Cooleemee WWTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.97 1.02 1.08 1.10 0.85 0.88 0.81 0.73 0.90 0.73 0.68 0.75 0.87

2002 0.60 0.50 0.61 0.69 0.99 0.90 0.91 0.74 0.39 0.35 0.40 0.34 0.62

2003 0.32 0.41 0.51 0.59 0.51 0.56 0.51 0.66 0.45 0.41 0.43 0.36 0.48

2004 0.36 0.63 0.47 0.46 0.47 0.49 0.42 0.48 0.65 0.50 0.48 0.45 0.49

2005 0.47 0.44 0.61 0.50 0.42 0.43 0.45 0.50 0.44 0.38 0.38 0.36 0.45

2006 0.46 0.40 0.43 0.36 0.38 0.43 0.35 0.38 0.38 0.33 0.43 0.25 0.38

2007 0.60 0.39 0.48 0.40 0.34 0.36 0.28 0.47 0.36 0.43 0.47 0.40 0.42

2008 0.50 0.49 0.38 0.48 0.38 0.39 0.37 0.37 0.63 0.54 0.53 0.63 0.47

2009 0.65 0.54 0.58 0.45 0.92 0.44 0.27 0.37 0.44 0.43 0.69 0.80 0.55

2010 0.84 1.36 0.61 0.46 0.46 0.45 0.44 0.51 0.42 0.52 0.65 0.90 0.63

2011 ND 0.57 0.72 0.49 0.49 0.43 0.51 0.51 0.46 0.50 0.60 0.55 0.53

2012 0.54 0.54 0.57 0.45 0.67 0.49 0.62 0.55 0.47 0.50 0.53 ND 0.54

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐28d

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.57 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.57 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.58 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.60 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.61 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.63 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.65 ‐‐

Applied AGR 2012‐2020: 0.30%

Applied AGR 2030‐2060: 0.29%

Analysis and Projections Notes

Applied AGR values shown above are based on Projected AGR values for Davie County.

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.57 Jan 1.20

2015 0.57 Feb 1.24

2020 0.58 Mar 1.06

2030 0.60 Apr 0.87

2040 0.61 May 1.04

2050 0.63 Jun 0.81

2060 0.65 Jul 0.79

Aug 0.88

Sep 0.89

Oct 0.93

Nov 1.10

Dec 1.26

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRL‐34 Category Public Water/Wastewater Utilities

Entity Greater Badin Water & Sewer District Type Return

Facility Badin WWTP Sub‐basin Lake Tillery

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.53 0.64 0.54 0.57 0.45 0.22 0.49 0.16 0.25 0.31 0.52 0.62 0.44

2002 0.60 0.44 0.55 0.35 0.27 0.20 0.19 0.25 0.27 0.57 0.69 0.88 0.44

2003 0.48 0.80 1.09 0.91 0.90 0.83 0.61 0.84 0.39 0.24 0.23 0.22 0.63

2004 0.23 0.62 0.44 0.27 0.36 0.28 0.25 0.33 0.66 0.34 0.38 0.39 0.38

2005 0.42 0.50 0.81 0.63 0.31 0.40 0.45 0.43 0.26 0.31 0.25 0.64 0.45

2006 0.39 0.19 0.24 0.42 0.31 0.44 0.34 0.37 0.48 0.36 0.90 0.61 0.42

2007 0.78 0.55 0.47 0.27 0.14 0.17 0.12 0.10 0.10 0.12 0.11 0.26 0.26

2008 0.32 0.34 0.49 0.50 0.20 0.13 0.09 0.12 0.21 0.14 0.16 0.49 0.26

2009 0.28 0.23 0.72 0.25 0.21 0.18 0.14 0.12 0.12 0.14 0.62 0.76 0.31

2010 0.73 0.82 0.48 0.20 0.23 0.25 0.10 0.23 0.18 0.12 0.12 0.19 0.30

2011 0.24 0.33 0.42 0.25 0.20 0.25 0.28 0.27 0.22 0.33 0.40 0.39 0.30

2012 0.44 0.39 0.39 0.22 0.22 0.16 0.19 0.27 0.27 0.24 0.17 0.21 0.26

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRL‐34

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.29 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.29 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.30 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.31 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.32 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.33 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.35 ‐‐

Applied AGR 2012‐2020: 0.34%

Applied AGR 2030‐2060: 0.39%

Analysis and Projections Notes

Applied AGR values shown above are based on Projected AGR values for Stanly County.

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.29 Jan 1.63

2015 0.29 Feb 1.57

2020 0.30 Mar 1.74

2030 0.31 Apr 0.99

2040 0.32 May 0.70

2050 0.33 Jun 0.67

2060 0.35 Jul 0.54

Aug 0.64

Sep 0.64

Oct 0.63

Nov 0.93

Dec 1.34

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWL‐42 Category Public Water/Wastewater Utilities

Entity Montgomery County Type Withdrawal

Facility Montgomery County WTP Sub‐basin Lake Tillery

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 2.32 2.36 2.34 2.49 2.54 2.63 2.65 2.64 2.66 2.64 2.81 2.12 2.52

2002 3.19 3.60 2.58 2.65 2.77 2.98 3.66 3.72 3.23 2.93 2.84 3.10 3.10

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 2.56 2.74 3.10 3.32 3.61 3.65 3.92 4.14 3.88 3.75 3.73 3.70 3.51

2008 3.82 3.99 3.91 3.79 3.80 3.94 4.05 3.99 3.73 3.98 3.83 3.61 3.87

2009 2.95 3.14 2.85 2.99 2.83 3.17 3.48 3.37 3.32 2.99 2.42 2.43 2.99

2010 2.45 2.10 2.14 2.29 2.63 2.91 2.76 2.77 2.54 2.11 2.14 2.02 2.41

2011 2.00 1.97 1.99 1.95 2.22 2.37 2.45 2.37 2.11 2.02 2.00 2.00 2.12

2012 2.00 2.00 1.90 2.02 2.23 2.37 2.50 2.40 2.30 2.26 2.11 2.06 2.18

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWL‐42

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.24 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.25 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.28 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.34 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.40 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.46 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.52 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Montgomery County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 2.24 Jan 0.92

2015 2.25 Feb 0.93

2020 2.28 Mar 0.93

2030 2.34 Apr 0.96

2040 2.40 May 1.01

2050 2.46 Jun 1.08

2060 2.52 Jul 1.12

Aug 1.11

Sep 1.05

Oct 1.00

Nov 0.95

Dec 0.93

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐52 Category Public Water/Wastewater Utilities

Entity Stanly County Type Return

Facility West Stanly WWTP Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.48 0.48 0.40 0.48 0.34 0.42 0.40 0.33 0.34 0.38 0.46 0.50 0.42

2002 0.32 0.24 0.33 0.18 0.16 0.17 0.20 0.22 0.25 0.40 0.40 0.43 0.27

2003 0.27 0.49 0.49 0.49 0.44 0.48 0.34 0.25 0.20 0.24 0.22 0.31 0.35

2004 0.22 0.43 0.30 0.22 0.22 0.27 0.25 0.32 0.44 0.28 0.32 0.34 0.30

2005 0.34 0.46 0.49 0.44 0.30 0.47 0.43 0.25 0.23 0.30 0.28 0.47 0.37

2006 0.42 0.32 0.32 0.32 0.27 0.29 0.24 0.27 0.29 0.34 0.47 0.37 0.33

2007 0.47 0.42 0.36 0.32 0.24 0.26 0.25 0.22 0.23 0.27 0.23 0.33 0.30

2008 0.32 0.40 0.43 0.46 0.31 0.25 0.29 0.35 0.42 0.31 0.35 0.46 0.36

2009 0.42 0.39 0.65 0.38 0.39 0.31 0.33 0.28 0.25 0.29 0.49 0.58 0.40

2010 0.55 0.54 0.48 0.29 0.33 0.36 0.31 0.35 0.35 0.33 0.34 0.35 0.38

2011 0.36 0.46 0.56 0.39 0.41 0.34 0.30 0.34 0.34 0.42 0.40 0.41 0.39

2012 0.54 0.39 0.40 0.33 0.35 0.29 0.33 0.35 0.39 0.37 0.29 0.37 0.37

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐52

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.38 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.38 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.39 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.41 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.42 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.44 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.46 ‐‐

Applied AGR 2012‐2020: 0.34%

Applied AGR 2030‐2060: 0.39%

Analysis and Projections Notes

Applied AGR values shown above are based on Projected AGR values for Stanly County.

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.38 Jan 1.21

2015 0.38 Feb 1.18

2020 0.39 Mar 1.31

2030 0.41 Apr 0.99

2040 0.42 May 0.93

2050 0.44 Jun 0.82

2060 0.46 Jul 0.82

Aug 0.86

Sep 0.90

Oct 0.91

Nov 0.95

Dec 1.13

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐58 Category Public Water/Wastewater Utilities

Entity Town of Bermuda Run Type Return

Facility Bermuda Run WWTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.12 0.14 0.13 0.13 0.13 0.12 0.11 0.10 0.10 0.10 0.12 0.13 0.12

2002 0.12 0.10 0.11 0.12 0.11 0.13 0.12 0.13 0.13 0.14 0.15 0.15 0.13

2003 0.13 0.14 0.17 0.18 0.15 0.17 0.15 0.14 0.14 0.12 0.12 0.15 0.15

2004 0.13 0.15 0.11 0.10 0.10 0.10 0.09 0.10 0.11 0.10 0.11 0.12 0.11

2005 0.10 0.10 0.11 0.12 0.09 0.10 0.13 0.13 0.12 0.13 0.13 0.16 0.12

2006 0.15 0.13 0.12 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.15 0.13 0.13

2007 0.15 0.11 0.12 0.12 0.11 0.11 0.10 0.10 0.10 0.11 0.10 0.11 0.11

2008 0.12 0.13 0.13 0.15 0.14 0.11 0.12 0.12 0.12 0.12 0.12 0.16 0.13

2009 0.15 0.12 0.14 0.13 0.13 0.15 0.11 0.10 0.10 0.11 0.16 0.18 0.13

2010 0.16 0.17 0.15 0.14 0.14 0.13 0.12 0.13 0.11 0.12 0.11 0.12 0.13

2011 0.12 0.12 0.14 0.13 0.13 0.12 0.12 0.12 0.12 0.12 0.14 0.14 0.13

2012 0.13 0.13 0.12 0.11 0.12 0.11 0.11 0.11 0.10 0.10 0.09 0.10 0.11

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐58

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.12 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.12 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.13 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.13 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.13 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.14 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.14 ‐‐

Applied AGR 2012‐2020: 0.30%

Applied AGR 2030‐2060: 0.29%

Analysis and Projections Notes

Applied AGR values shown above are based on Projected AGR values for Davie County.

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.12 Jan 1.11

2015 0.12 Feb 1.03

2020 0.13 Mar 1.09

2030 0.13 Apr 1.06

2040 0.13 May 1.03

2050 0.14 Jun 0.99

2060 0.14 Jul 0.91

Aug 0.91

Sep 0.89

Oct 0.91

Nov 0.97

Dec 1.11

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐59 Category Public Water/Wastewater Utilities

Entity Town of Biscoe Type Return

Facility Biscoe WWTP Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.33 0.35 0.37 0.34 0.33 0.18 0.21 0.13 0.15 0.18 0.22 0.24 0.25

2002 0.31 0.26 0.23 0.19 0.21 0.20 0.22 0.24 0.28 0.33 0.30 0.30 0.26

2003 0.23 0.30 0.43 0.38 0.38 0.40 0.34 0.39 0.30 0.30 0.29 0.34 0.34

2004 0.30 0.43 0.34 0.36 0.36 0.36 0.37 0.40 0.38 0.36 0.37 0.38 0.37

2005 0.39 0.46 0.45 0.34 0.24 0.29 0.26 0.25 0.22 0.27 0.16 0.24 0.30

2006 0.24 0.17 0.18 0.31 0.18 0.21 0.16 0.15 0.15 0.17 0.26 0.22 0.20

2007 0.27 0.25 0.23 0.21 0.14 0.14 0.12 0.15 0.13 0.15 0.21 0.21 0.18

2008 0.19 0.23 0.23 0.25 0.23 0.17 0.20 0.21 0.19 0.14 0.14 0.19 0.20

2009 0.19 0.16 0.29 0.19 0.18 0.17 0.14 0.16 0.15 0.17 0.24 0.29 0.19

2010 0.24 0.32 0.28 0.21 0.21 0.20 0.19 0.20 0.20 0.19 0.17 0.18 0.22

2011 0.17 0.20 0.24 0.20 0.21 0.18 0.15 0.18 0.20 0.20 0.20 0.20 0.20

2012 0.22 0.20 0.22 0.20 0.19 0.17 0.19 0.22 0.25 0.22 0.18 0.20 0.20

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐59

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.21 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.21 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.21 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.21 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.22 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.23 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.23 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Montgomery County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.21 Jan 1.07

2015 0.21 Feb 1.15

2020 0.21 Mar 1.25

2030 0.21 Apr 1.06

2040 0.22 May 0.98

2050 0.23 Jun 0.88

2060 0.23 Jul 0.83

Aug 0.93

Sep 0.95

Oct 0.90

Nov 0.96

Dec 1.05

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐60 Category Public Water/Wastewater Utilities

Entity Town of Boonville Type Return

Facility Boonville WWTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.12 0.14 0.15 0.12 0.46 0.10 0.09 0.08 0.09 0.09 0.07 0.08 0.13

2002 0.14 0.12 0.11 0.08 0.08 0.08 0.09 0.10 0.09 0.09 0.11 0.13 0.10

2003 0.10 0.13 0.14 0.15 0.12 0.15 0.12 0.13 0.10 0.09 0.09 0.12 0.12

2004 0.09 0.12 0.09 0.10 0.11 0.11 0.10 0.11 0.14 0.11 0.12 0.11 0.11

2005 0.10 0.07 0.08 0.08 0.07 0.08 0.08 0.07 0.06 0.08 0.09 0.08 0.08

2006 0.08 0.05 0.06 0.06 0.06 0.08 0.09 0.06 0.06 0.05 0.04 0.04 0.06

2007 0.04 0.03 0.09 0.12 0.12 0.12 0.12 0.12 0.12 0.15 0.12 0.13 0.11

2008 0.12 0.13 0.12 0.14 0.14 0.13 0.15 0.15 0.17 0.16 0.14 0.16 0.14

2009 0.16 0.14 0.17 0.15 0.17 0.16 0.10 0.11 0.10 0.09 0.15 0.15 0.14

2010 0.13 0.16 0.14 0.11 0.11 0.12 0.11 0.01 0.17 0.14 0.09 0.11 0.12

2011 0.10 0.11 0.14 0.12 0.12 0.10 0.11 0.11 0.11 0.11 0.12 0.12 0.11

2012 0.11 0.09 0.10 0.10 0.12 0.12 0.09 0.11 0.13 0.12 0.10 0.11 0.11

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐60

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.11 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.11 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.12 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.12 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.12 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.12 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.13 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Yadkin County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.11 Jan 0.90

2015 0.11 Feb 0.91

2020 0.12 Mar 1.04

2030 0.12 Apr 1.03

2040 0.12 May 1.07

2050 0.12 Jun 1.04

2060 0.13 Jul 0.93

Aug 0.85

Sep 1.09

Oct 1.07

Nov 0.99

Dec 1.09

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWT‐61a Category Public Water/Wastewater Utilities

Entity Town of Denton Type Withdrawal

Facility Denton WP Sub‐basin Tuckertown Reservoir

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.78 0.78 0.81 0.87 0.93 0.96 0.97 0.92 0.93 0.86 0.81 0.74 0.86

2002 1.25 1.24 1.31 1.37 1.42 1.59 1.49 1.42 1.40 1.39 1.33 1.35 1.38

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 1.23 1.30 1.19 1.23 1.47 1.62 1.60 1.66 1.42 1.29 1.18 1.19 1.36

2008 ND ND ND ND ND ND ND ND ND ND ND ND ND

2009 1.15 1.24 1.14 1.19 1.43 1.67 1.52 1.41 1.30 1.23 1.22 1.27 1.31

2010 1.25 1.19 1.12 1.21 1.24 1.39 1.49 1.45 1.43 1.18 1.16 1.23 1.28

2011 1.24 1.15 1.03 1.16 1.24 1.36 1.42 1.30 1.21 1.17 1.06 1.02 1.20

2012 1.03 1.00 0.98 1.17 1.19 1.34 1.49 1.40 1.33 1.23 1.18 1.14 1.21

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWT‐61a

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.23 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.24 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.25 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.28 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.32 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.35 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.38 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Davidson County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 1.23 Jan 0.93

2015 1.24 Feb 0.92

2020 1.25 Mar 0.86

2030 1.28 Apr 0.94

2040 1.32 May 1.03

2050 1.35 Jun 1.16

2060 1.38 Jul 1.18

Aug 1.14

Sep 1.05

Oct 0.96

Nov 0.91

Dec 0.92

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRT‐61b Category Public Water/Wastewater Utilities

Entity Town of Denton Type Return

Facility Denton WWTP Sub‐basin Tuckertown Reservoir

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.41 0.47 0.45 0.40 0.28 0.25 0.29 0.25 0.28 0.28 0.39 0.34 0.34

2002 0.53 0.43 0.48 0.34 0.30 0.27 0.27 0.30 0.34 0.43 0.43 0.48 0.39

2003 0.31 0.48 0.57 0.49 0.47 0.36 0.27 0.31 0.28 0.22 0.21 0.30 0.36

2004 0.27 0.44 0.31 0.25 0.19 0.33 0.26 0.29 0.39 0.26 0.36 0.36 0.31

2005 0.35 0.41 0.53 0.39 0.23 0.24 0.25 0.25 0.22 0.25 0.28 0.44 0.32

2006 0.37 0.32 0.34 0.34 0.26 0.34 0.23 0.27 0.33 0.32 0.53 0.43 0.34

2007 0.52 0.47 0.41 0.39 0.29 0.32 0.26 0.27 0.28 0.33 0.29 0.39 0.35

2008 0.35 0.41 0.46 0.52 0.38 0.28 0.30 0.35 0.40 0.30 0.36 0.51 0.39

2009 0.44 0.42 0.70 0.46 0.36 0.47 0.35 0.32 0.30 0.32 0.53 0.66 0.44

2010 0.55 0.65 0.53 0.36 0.39 0.32 0.29 0.35 0.34 0.31 0.33 0.36 0.40

2011 0.40 0.44 0.51 0.38 0.37 0.34 0.31 0.32 0.40 0.42 0.46 0.52 0.41

2012 0.47 0.46 0.49 0.35 0.41 0.41 0.35 0.37 0.39 0.38 0.35 0.40 0.40

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRT‐61b

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.40 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.40 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.41 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.42 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.43 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.44 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.45 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Davidson County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.40 Jan 1.15

2015 0.40 Feb 1.20

2020 0.41 Mar 1.30

2030 0.42 Apr 1.03

2040 0.43 May 0.92

2050 0.44 Jun 0.90

2060 0.45 Jul 0.78

Aug 0.83

Sep 0.88

Oct 0.86

Nov 0.97

Dec 1.19

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐62 Category Public Water/Wastewater Utilities

Entity Town of Dobson Type Return

Facility Dobson WWTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.16 0.20 0.20 0.18 0.13 0.15 0.15 0.16 0.17 0.15 0.16 0.22 0.17

2002 0.20 0.20 0.22 0.19 0.19 0.17 0.17 0.18 0.22 0.24 0.26 0.27 0.21

2003 0.24 0.26 0.23 0.26 0.23 0.22 0.20 0.21 0.21 0.20 0.20 0.22 0.22

2004 0.19 0.26 0.20 0.21 0.19 0.20 0.18 0.17 0.24 0.19 0.19 0.20 0.20

2005 0.21 0.20 0.21 0.20 0.18 0.19 0.19 0.17 0.16 0.18 0.16 0.18 0.19

2006 0.19 0.19 0.17 0.16 0.15 0.15 0.14 0.15 0.17 0.16 0.19 0.18 0.17

2007 0.24 0.19 0.21 0.18 0.16 0.15 0.14 0.17 0.17 0.20 0.15 0.17 0.18

2008 0.20 0.21 0.20 0.22 0.18 0.18 0.16 0.18 0.19 0.17 0.19 0.17 0.19

2009 0.19 0.17 0.20 0.19 0.22 0.21 0.17 0.16 0.17 0.17 0.21 0.23 0.19

2010 0.23 0.23 0.20 0.18 0.18 0.16 0.16 0.16 0.16 0.17 0.16 0.17 0.18

2011 0.13 0.16 0.23 0.21 0.17 0.15 0.15 0.15 0.17 0.16 0.18 0.20 0.17

2012 0.17 0.17 0.20 0.18 0.21 0.17 0.18 0.17 0.20 0.16 0.16 0.17 0.18

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐62

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.18 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.18 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.18 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.18 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.19 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.19 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.20 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Surry County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.18 Jan 1.07

2015 0.18 Feb 1.04

2020 0.18 Mar 1.15

2030 0.18 Apr 1.07

2040 0.19 May 1.04

2050 0.19 Jun 0.94

2060 0.20 Jul 0.88

Aug 0.92

Sep 0.97

Oct 0.95

Nov 0.96

Dec 1.02

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐63 Category Public Water/Wastewater Utilities

Entity Town of Elkin Type Withdrawal

Facility Elkin Municipal WTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 1.39 1.35 1.35 1.43 1.45 1.43 1.44 1.43 1.46 1.44 1.42 1.50 1.42

2002 1.32 1.17 1.23 1.21 1.18 1.18 1.08 1.05 1.02 1.06 1.02 1.01 1.13

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 0.86 0.88 0.88 0.85 0.95 0.87 0.87 1.43 1.06 0.87 0.81 0.82 0.93

2008 0.84 0.87 0.83 0.81 0.87 0.97 0.86 0.92 0.83 0.83 0.85 0.90 0.87

2009 0.81 0.71 0.81 0.82 0.80 0.87 0.76 0.80 0.83 0.73 0.81 0.92 0.81

2010 0.77 0.74 0.75 0.72 0.78 0.75 0.74 0.72 0.69 0.68 0.68 0.83 0.74

2011 0.72 0.68 0.65 0.67 0.69 0.69 0.70 0.69 0.70 0.65 0.63 0.68 0.68

2012 0.65 0.65 0.67 0.64 0.68 0.69 0.74 0.72 0.70 0.69 0.71 0.71 0.69

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐63

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.70 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.71 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.72 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.73 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.75 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.77 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.79 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Surry County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.70 Jan 0.99

2015 0.71 Feb 0.96

2020 0.72 Mar 0.97

2030 0.73 Apr 0.96

2040 0.75 May 1.01

2050 0.77 Jun 1.03

2060 0.79 Jul 0.99

Aug 1.12

Sep 1.02

Oct 0.95

Nov 0.95

Dec 1.03

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐64 Category Public Water/Wastewater Utilities

Entity Town of Jonesville Type Withdrawal

Facility Jonesville WP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.29 0.29 0.29 0.31 0.31 0.31 0.32 0.32 0.32 0.32 0.31 0.31 0.31

2002 0.31 0.30 0.31 0.33 0.34 0.35 0.34 0.35 0.34 0.33 0.34 0.34 0.33

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 0.36 0.35 0.36 0.36 0.38 0.39 0.39 0.39 0.37 0.37 0.37 0.34 0.37

2008 0.36 0.34 0.34 0.35 0.36 0.41 0.40 0.43 0.40 0.39 0.40 0.36 0.38

2009 0.35 0.34 0.34 0.35 0.35 0.37 0.38 0.37 0.37 0.38 0.37 0.37 0.36

2010 0.36 0.33 0.28 0.29 0.34 0.34 0.35 0.44 0.52 0.71 0.49 0.34 0.40

2011 0.37 0.36 0.40 0.37 0.39 0.30 0.29 0.41 0.52 0.33 0.29 0.31 0.36

2012 0.26 0.27 0.28 0.28 0.31 0.34 0.32 0.36 0.33 0.29 0.31 0.30 0.30

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐64

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.36 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.36 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.36 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.37 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.38 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.39 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.40 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Yadkin County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.36 Jan 0.95

2015 0.36 Feb 0.91

2020 0.36 Mar 0.92

2030 0.37 Apr 0.92

2040 0.38 May 0.98

2050 0.39 Jun 0.99

2060 0.40 Jul 0.98

Aug 1.10

Sep 1.15

Oct 1.14

Nov 1.03

Dec 0.93

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐65a Category Public Water/Wastewater Utilities

Entity Town of Mocksville Type Withdrawal

Facility Hugh A. Lagle WTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.68 0.65 0.63 0.69 0.85 0.87 0.91 0.86 0.77 0.75 0.66 0.71 0.75

2002 0.72 0.74 0.72 0.80 0.86 0.88 0.81 0.78 0.71 0.69 0.68 0.68 0.75

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 0.87 0.84 0.83 0.80 0.92 0.89 0.92 1.05 0.98 0.90 0.91 0.88 0.90

2008 ND ND ND ND ND ND ND ND ND ND ND ND ND

2009 ND ND ND ND ND ND ND ND ND ND ND ND ND

2010 0.87 0.80 0.77 0.85 0.88 0.95 0.96 0.90 0.87 0.89 0.82 0.90 0.87

2011 0.83 0.82 0.81 0.83 0.86 0.94 0.92 0.90 0.85 0.80 0.79 0.76 0.84

2012 ND ND ND ND ND ND ND ND ND ND ND ND ND

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐65a

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.86 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.86 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.88 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.90 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.93 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.96 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.98 ‐‐

Applied AGR 2012‐2020: 0.30%

Applied AGR 2030‐2060: 0.29%

Analysis and Projections Notes

Applied AGR values shown above are based on Projected AGR values for Davie County.

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.86 Jan 0.98

2015 0.86 Feb 0.94

2020 0.88 Mar 0.92

2030 0.90 Apr 0.95

2040 0.93 May 1.02

2050 0.96 Jun 1.06

2060 0.98 Jul 1.07

Aug 1.09

Sep 1.03

Oct 0.99

Nov 0.96

Dec 0.97

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐2012 data not available, so 2011 was used as base year.

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐65b Category Public Water/Wastewater Utilities

Entity Town of Mocksville Type Return

Facility Bear Creek WWTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.10 0.11 0.17 0.29 ND 0.18 0.18 0.16 0.16 0.16 0.23 0.18 0.17

2002 0.16 0.17 0.22 0.15 0.17 0.16 0.16 0.16 0.17 0.20 0.21 0.26 0.18

2003 0.22 0.27 0.30 0.28 ND 0.34 0.29 0.29 0.21 0.21 0.20 0.19 0.25

2004 0.17 0.24 0.19 0.17 0.14 0.18 0.20 0.18 0.27 0.21 0.25 0.25 0.20

2005 0.21 0.23 0.24 0.22 0.21 0.21 0.23 0.21 0.17 0.19 0.18 0.22 0.21

2006 0.21 0.17 0.16 0.16 0.16 0.16 0.15 0.15 0.18 0.15 0.20 0.17 0.17

2007 0.21 0.18 0.23 0.19 0.17 0.17 0.17 0.17 0.18 0.18 0.18 0.17 0.18

2008 0.20 0.25 0.26 0.25 0.20 0.20 0.19 0.21 0.18 ND ND ND 0.21

2009 ND ND ND ND ND ND ND ND ND ND ND ND ND

2010 ND ND ND ND ND ND ND ND ND ND ND ND ND

2011 ND ND ND ND ND ND ND ND ND ND ND ND ND

2012 ND ND ND ND ND ND ND ND ND ND ND ND ND

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

Bear Creek WWTP was replaced with a pump station to Cooleemee WWTP (see entity sheet NWH‐28a) and is now inactive.

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐65b

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

Applied AGR 2012‐2020: 0.30%

Applied AGR 2030‐2060: 0.29%

Analysis and Projections Notes

Applied AGR values shown above are based on Projected AGR values for Davie County.

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 ‐‐ Jan 0.93

2015 ‐‐ Feb 0.99

2020 ‐‐ Mar 1.10

2030 ‐‐ Apr 1.07

2040 ‐‐ May 0.85

2050 ‐‐ Jun 1.01

2060 ‐‐ Jul 1.00

Aug 0.96

Sep 0.97

Oct 0.94

Nov 1.05

Dec 1.05

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐65c Category Public Water/Wastewater Utilities

Entity Town of Mocksville Type Return

Facility Dutchman Creek WWTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.35 0.36 0.46 0.48 0.42 0.44 0.45 0.38 0.39 0.37 0.36 0.35 0.40

2002 0.53 0.49 0.49 0.48 0.48 0.46 0.45 0.45 0.45 0.48 0.65 0.64 0.51

2003 0.47 0.61 0.73 0.65 ND 0.57 0.55 0.59 0.50 0.50 0.46 0.50 0.56

2004 0.46 0.54 0.52 0.55 0.52 0.50 0.52 0.49 0.68 0.54 0.59 0.62 0.54

2005 0.54 0.59 0.63 0.54 0.48 0.51 0.52 0.52 0.49 0.51 0.51 0.66 0.54

2006 0.67 0.56 0.52 0.53 0.49 0.51 0.49 0.52 0.56 0.52 0.62 0.55 0.55

2007 0.61 0.58 0.62 0.53 0.50 0.52 0.49 0.47 0.48 0.52 0.50 0.52 0.53

2008 0.53 0.58 0.58 0.65 0.52 0.49 0.49 0.56 0.53 0.47 0.44 0.54 0.53

2009 0.50 0.44 0.62 0.51 0.43 0.56 0.39 0.39 0.44 0.50 0.68 0.70 0.52

2010 0.61 0.71 0.54 0.45 0.42 0.45 0.65 0.43 0.45 0.48 0.44 0.48 0.51

2011 0.45 0.46 0.52 0.44 0.47 0.41 0.40 0.33 0.39 0.36 0.43 0.43 0.42

2012 0.40 0.37 0.40 0.34 0.42 0.34 0.32 0.32 0.34 0.33 0.32 ND 0.35

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐65c

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.43 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.43 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.44 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.45 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.47 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.48 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.49 ‐‐

Applied AGR 2012‐2020: 0.30%

Applied AGR 2030‐2060: 0.29%

Analysis and Projections Notes

Applied AGR values shown above are based on Projected AGR values for Davie County.

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.43 Jan 1.09

2015 0.43 Feb 1.10

2020 0.44 Mar 1.14

2030 0.45 Apr 1.02

2040 0.47 May 0.96

2050 0.48 Jun 0.97

2060 0.49 Jul 0.96

Aug 0.88

Sep 0.92

Oct 0.93

Nov 0.98

Dec 1.12

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐66 Category Public Water/Wastewater Utilities

Entity Town of Mooresville Type Return

Facility Rocky River WWTP (Town of Mooresville) Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 2.60 2.96 3.07 3.47 3.11 3.19 3.24 3.10 3.02 2.95 2.56 2.41 2.97

2002 2.32 2.31 2.51 2.61 2.58 2.57 2.49 2.89 2.64 2.34 2.41 2.59 2.52

2003 2.33 2.61 2.87 3.15 3.25 2.92 2.46 2.83 2.64 2.39 2.34 2.44 2.69

2004 2.40 2.68 2.51 2.67 2.58 2.56 2.54 2.59 3.01 2.57 2.69 2.86 2.64

2005 2.70 2.74 2.81 2.64 2.52 2.53 2.68 2.67 2.54 2.87 2.67 2.98 2.70

2006 3.01 2.82 2.76 3.03 3.57 2.94 2.74 3.03 2.93 2.87 3.17 2.84 2.98

2007 3.26 2.88 3.14 3.01 2.87 2.90 2.75 2.73 2.69 2.84 2.64 2.73 2.87

2008 2.92 2.88 2.96 3.06 2.74 2.82 2.97 3.10 3.07 3.01 2.97 3.18 2.97

2009 2.97 2.96 3.51 3.23 3.17 3.19 3.17 3.09 3.04 3.10 3.66 3.62 3.23

2010 3.49 4.19 3.57 3.49 3.55 3.61 3.58 3.72 3.23 3.03 2.89 2.98 3.44

2011 3.11 3.20 3.40 3.32 3.27 3.28 3.33 3.18 3.51 3.22 3.54 3.28 3.30

2012 3.30 3.27 3.43 3.34 3.76 3.58 3.52 3.46 3.39 3.31 3.36 3.34 3.42

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐66

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.39 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.51 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.73 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 4.16 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 4.63 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 5.16 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 5.76 ‐‐

Applied AGR 2012‐2020: 1.21%

Applied AGR 2030‐2060: 1.09%

Analysis and Projections Notes

Applied AGR values shown above are based on Projected AGR values for Iredell County.

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 3.39 Jan 0.99

2015 3.51 Feb 1.01

2020 3.73 Mar 1.04

2030 4.16 Apr 1.01

2040 4.63 May 1.01

2050 5.16 Jun 1.01

2060 5.76 Jul 1.00

Aug 1.00

Sep 0.98

Oct 0.96

Nov 0.99

Dec 0.99

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐67 Category Public Water/Wastewater Utilities

Entity Town of Mount Gilead Type Return

Facility Mount Gilead WWTP Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.60 0.66 0.59 0.50 0.28 0.24 0.29 0.19 0.15 0.26 0.54 0.67 0.41

2002 0.57 0.59 0.61 0.48 0.22 0.17 0.14 0.20 0.25 0.36 0.52 0.56 0.39

2003 0.51 0.66 0.87 0.68 0.52 0.72 0.50 0.58 0.26 0.25 0.19 0.31 0.50

2004 0.23 0.38 0.49 0.48 0.33 0.16 0.13 0.22 0.39 0.30 0.22 0.30 0.30

2005 0.32 0.54 0.87 0.94 0.53 0.42 0.30 0.17 0.09 0.19 0.13 0.50 0.41

2006 0.63 0.58 0.49 0.40 0.25 0.35 0.24 0.13 0.20 0.27 0.35 0.38 0.35

2007 0.64 0.75 0.73 0.56 0.24 0.21 0.21 0.23 0.13 0.24 0.19 0.15 0.36

2008 0.25 0.48 0.52 0.46 0.22 0.12 0.21 0.17 0.21 0.16 0.12 0.16 0.26

2009 0.16 0.13 0.19 0.16 0.14 0.07 0.06 0.06 0.04 0.05 0.14 0.34 0.13

2010 0.32 0.46 0.32 0.17 0.15 0.22 0.05 0.04 0.05 0.05 0.02 0.21 0.17

2011 0.25 0.25 0.33 0.29 0.28 0.22 0.21 0.17 0.22 0.25 0.31 0.32 0.26

2012 0.39 0.32 0.29 0.21 0.18 0.15 0.18 0.19 0.17 0.13 0.12 0.17 0.21

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐67

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.21 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.21 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.22 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.22 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.23 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.23 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.24 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Montgomery County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.21 Jan 1.46

2015 0.21 Feb 1.73

2020 0.22 Mar 1.72

2030 0.22 Apr 1.35

2040 0.23 May 0.88

2050 0.23 Jun 0.73

2060 0.24 Jul 0.66

Aug 0.63

Sep 0.60

Oct 0.65

Nov 0.66

Dec 0.98

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐68a Category Public Water/Wastewater Utilities

Entity Town of North Wilkesboro Type Withdrawal

Facility North Wilkesboro WP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 2.75 2.67 2.65 2.75 2.88 2.88 3.25 3.28 3.19 3.08 2.84 2.80 2.92

2002 2.55 2.55 2.53 2.67 2.68 3.09 2.87 2.97 2.77 2.58 2.40 2.46 2.68

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 2.75 2.80 2.81 3.05 3.08 3.09 2.99 3.35 3.20 3.02 2.82 2.76 2.98

2008 2.82 2.50 2.37 2.41 2.52 2.98 2.86 2.63 2.52 2.53 2.55 2.34 2.59

2009 2.46 2.35 2.34 2.34 2.42 2.58 2.58 2.59 2.49 2.43 2.28 2.33 2.43

2010 2.50 2.36 2.47 2.34 2.54 2.75 2.82 2.68 2.58 2.56 2.32 2.48 2.53

2011 2.42 2.25 2.39 2.41 2.59 2.81 2.93 2.89 2.50 2.74 2.44 2.48 2.57

2012 2.40 2.46 2.45 2.53 2.70 2.81 2.97 2.90 2.80 2.65 2.77 2.61 2.67

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐68a

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.59 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.61 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Wilkes County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 2.59 Jan 0.97

2015 2.61 Feb 0.93

2020 ‐‐ Mar 0.94

2030 ‐‐ Apr 0.96

2040 ‐‐ May 1.00

2050 ‐‐ Jun 1.08

2060 ‐‐ Jul 1.09

Aug 1.08

Sep 1.02

Oct 1.01

Nov 0.96

Dec 0.95

Base Year's projected flowrate is based on 2010‐2012 Average.

Beginning in 2020, the Wilkes County WTP will come online and replace this facility. See entity sheet

NWH‐89 for details.

‐‐

‐‐

‐‐



ID No. NRH‐68b Category Public Water/Wastewater Utilities

Entity Town of North Wilkesboro Type Return

Facility Thurman Street WWTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.96 0.94 0.98 1.01 0.86 0.91 0.87 0.89 0.95 0.73 0.65 0.70 0.87

2002 0.74 0.71 0.75 0.72 0.74 0.74 0.66 0.85 0.92 0.96 0.82 0.72 0.78

2003 0.71 0.88 0.98 1.04 0.80 0.97 0.84 0.85 0.76 0.70 0.74 0.84 0.84

2004 0.67 0.85 0.72 0.76 0.68 0.94 0.76 0.69 0.94 0.74 0.82 0.80 0.78

2005 0.73 0.73 0.85 0.82 0.73 0.81 0.70 0.68 0.61 0.68 0.61 0.57 0.71

2006 0.62 0.54 0.60 0.67 0.66 0.86 0.69 0.75 0.74 0.62 0.73 0.76 0.69

2007 0.81 0.69 0.82 0.75 0.66 0.67 0.63 0.59 0.63 0.61 0.43 0.66 0.66

2008 0.78 0.83 0.74 0.65 0.56 0.51 0.60 0.59 0.62 0.60 0.54 0.57 0.63

2009 0.78 0.67 0.83 0.76 0.89 0.84 0.67 0.66 0.73 0.68 0.84 0.93 0.77

2010 0.73 0.89 0.75 0.65 0.88 0.71 0.71 0.79 0.74 0.63 0.68 0.69 0.74

2011 0.61 0.67 0.96 0.72 0.82 0.73 0.64 0.78 0.72 0.70 0.78 0.92 0.76

2012 0.99 0.89 0.94 1.00 1.09 0.90 0.89 0.86 0.92 0.94 0.64 0.69 0.90

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐68b

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.80 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.80 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.81 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.83 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.85 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.87 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.90 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Wilkes County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.80 Jan 1.06

2015 0.80 Feb 1.04

2020 0.81 Mar 1.13

2030 0.83 Apr 1.02

2040 0.85 May 1.10

2050 0.87 Jun 0.98

2060 0.90 Jul 0.93

Aug 0.96

Sep 0.98

Oct 0.93

Nov 0.88

Dec 1.00

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWL‐69a Category Public Water/Wastewater Utilities

Entity Town of Norwood Type Withdrawal

Facility Norwood WTP Sub‐basin Lake Tillery

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.37 0.36 0.41 0.40 0.44 0.47 0.50 0.49 0.48 0.44 0.40 0.40 0.43

2002 0.34 0.33 0.32 0.36 0.39 0.46 0.43 0.43 0.40 0.35 0.33 0.32 0.37

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 0.40 0.46 0.38 0.38 0.44 0.33 0.34 0.37 0.40 0.44 0.39 0.40 0.39

2008 0.47 0.39 0.41 0.40 0.44 0.50 0.49 0.45 0.45 0.40 0.40 0.43 0.44

2009 0.40 0.42 0.40 0.41 0.42 0.48 0.46 0.45 0.44 0.40 0.42 0.50 0.43

2010 0.51 0.48 0.47 0.45 0.45 0.57 0.49 0.49 0.55 0.43 0.40 0.44 0.48

2011 0.47 0.44 0.40 0.41 0.46 0.47 0.47 0.42 0.40 0.69 0.40 0.45 0.46

2012 0.36 0.35 0.36 0.37 0.44 0.41 0.51 0.51 0.42 0.39 0.36 0.37 0.40

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWL‐69a

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.45 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.45 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.46 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.48 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.50 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.52 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.54 ‐‐

Applied AGR 2012‐2020: 0.34%

Applied AGR 2030‐2060: 0.39%

Analysis and Projections Notes

Applied AGR values shown above are based on Projected AGR values for Stanly County.

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.45 Jan 1.00

2015 0.45 Feb 0.97

2020 0.46 Mar 0.93

2030 0.48 Apr 0.93

2040 0.50 May 1.02

2050 0.52 Jun 1.06

2060 0.54 Jul 1.06

Aug 1.03

Sep 1.02

Oct 1.06

Nov 0.91

Dec 0.99

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐69b Category Public Water/Wastewater Utilities

Entity Town of Norwood Type Return

Facility Norwood WWTP Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.56 0.56 0.58 0.57 0.51 0.40 0.44 0.41 0.42 0.44 0.61 0.65 0.51

2002 0.46 0.45 0.50 0.42 0.35 0.31 0.28 0.29 0.32 0.42 0.43 0.46 0.39

2003 0.29 0.61 0.71 0.65 0.64 0.71 0.48 0.69 0.38 0.30 0.25 0.27 0.50

2004 0.20 0.53 0.47 0.36 0.37 0.35 0.32 0.35 0.50 0.28 0.21 0.21 0.35

2005 0.26 0.33 0.47 0.41 0.25 0.39 0.37 0.40 0.28 0.25 0.23 0.43 0.34

2006 0.35 0.25 0.25 0.26 0.21 0.33 0.25 0.27 0.27 0.30 0.51 0.35 0.30

2007 0.44 0.41 0.38 0.37 0.25 0.27 0.28 0.25 0.25 0.20 0.15 0.22 0.29

2008 0.23 0.28 0.36 0.37 0.24 0.25 0.33 0.36 0.39 0.28 0.25 0.38 0.31

2009 0.33 0.31 0.57 0.39 0.34 0.31 0.21 0.17 0.13 0.18 0.29 0.42 0.30

2010 0.44 0.49 0.34 0.17 0.19 0.22 0.18 0.18 0.16 0.16 0.08 0.09 0.22

2011 0.13 0.22 0.32 0.23 0.26 0.18 0.19 0.19 0.21 0.15 0.17 0.16 0.20

2012 0.25 0.19 0.22 0.16 0.16 0.12 0.20 0.23 0.19 0.14 0.10 0.23 0.18

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐69b

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.20 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.20 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.21 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.22 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.22 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.23 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.24 ‐‐

Applied AGR 2012‐2020: 0.34%

Applied AGR 2030‐2060: 0.39%

Analysis and Projections Notes

Applied AGR values shown above are based on Projected AGR values for Stanly County.

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.20 Jan 1.20

2015 0.20 Feb 1.26

2020 0.21 Mar 1.46

2030 0.22 Apr 1.12

2040 0.22 May 0.95

2050 0.23 Jun 0.89

2060 0.24 Jul 0.91

Aug 0.91

Sep 0.88

Oct 0.74

Nov 0.69

Dec 0.99

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐70a Category Public Water/Wastewater Utilities

Entity Town of Pilot Mountain Type Withdrawal

Facility Pilot Mountain WTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.91 0.85 0.92 1.07 1.11 1.10 1.17 1.07 0.92 0.79 0.57 0.50 0.92

2002 0.38 0.41 0.43 0.51 0.44 0.44 0.43 0.39 0.36 0.35 0.35 0.33 0.40

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 0.20 0.23 0.23 0.24 0.29 0.30 0.31 0.31 0.30 0.26 0.21 0.20 0.26

2008 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20

2009 0.19 0.19 0.19 0.19 0.20 0.21 0.22 0.26 0.20 0.21 0.21 0.20 0.21

2010 0.26 0.24 0.22 0.23 0.23 0.25 0.23 0.24 0.24 0.23 0.21 0.22 0.23

2011 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25

2012 0.25 0.27 0.25 0.27 0.24 0.28 0.27 0.30 0.27 0.27 0.26 0.25 0.26

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐70a

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.25 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.25 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.25 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.26 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.27 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.27 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.28 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Surry County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.25 Jan 0.96

2015 0.25 Feb 0.98

2020 0.25 Mar 0.96

2030 0.26 Apr 0.97

2040 0.27 May 1.00

2050 0.27 Jun 1.05

2060 0.28 Jul 1.05

Aug 1.10

Sep 1.04

Oct 1.00

Nov 0.95

Dec 0.94

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐70b Category Public Water/Wastewater Utilities

Entity Town of Pilot Mountain Type Return

Facility Pilot Mountain WTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.22 0.18 0.20 0.22 0.24 0.24 0.26 0.22 0.19 0.19 0.18 0.18 0.21

2002 0.22 0.21 0.20 0.23 0.22 0.35 0.18 0.25 0.21 0.21 0.21 0.20 0.22

2003 0.19 0.33 0.18 0.13 0.14 0.14 0.16 0.17 0.15 0.17 0.15 0.16 0.17

2004 0.15 0.18 0.16 0.13 0.15 0.15 0.16 0.12 0.15 0.15 0.16 0.15 0.15

2005 0.15 0.14 0.15 0.13 0.08 0.08 0.07 0.08 0.07 0.14 0.05 0.06 0.10

2006 0.06 0.07 0.06 0.07 0.07 0.07 0.08 0.08 0.06 0.08 0.06 0.06 0.07

2007 0.07 0.08 0.07 0.08 0.07 0.10 0.07 0.08 0.09 0.07 0.08 0.06 0.08

2008 0.09 0.08 0.08 0.06 0.07 0.06 0.08 0.06 0.07 0.09 0.06 0.07 0.07

2009 0.07 0.07 0.07 0.07 0.07 0.06 0.07 0.06 0.07 0.07 0.07 0.08 0.07

2010 0.08 0.16 0.11 0.16 0.13 0.16 0.13 0.18 0.14 0.12 0.12 0.19 0.14

2011 0.19 0.13 0.11 0.12 0.12 0.18 0.17 0.14 0.15 0.14 0.17 0.13 0.15

2012 0.17 0.14 0.13 0.16 0.14 0.20 0.14 0.13 0.17 0.13 0.17 0.13 0.15

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐70b

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.14 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.15 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.15 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.15 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.16 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.16 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.16 ‐‐

Applied AGR 2012‐2020: Not Used
Applied AGR 2030‐2060: Not Used

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.14 Jan 1.02

2015 0.15 Feb 1.01

2020 0.15 Mar 0.87

2030 0.15 Apr 1.00

2040 0.16 May 0.91

2050 0.16 Jun 1.16

2060 0.16 Jul 1.01

Aug 0.99

Sep 1.04

Oct 0.94

Nov 1.04

Dec 1.02

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

Projections based on average percentage of WTP return to use from 2010‐2012 

multiplied times the water use projections

‐‐

‐‐

‐‐



ID No. NRH‐70c Category Public Water/Wastewater Utilities

Entity Town of Pilot Mountain Type Return

Facility Pilot Mountain WWTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.86 0.80 0.89 1.06 0.97 0.91 0.93 0.90 0.74 0.70 0.63 0.56 0.83

2002 0.37 0.40 0.46 0.40 0.35 0.31 0.34 0.32 0.32 0.34 0.34 0.38 0.36

2003 0.34 0.39 0.40 0.39 0.33 0.32 0.30 0.35 0.35 0.36 0.34 0.35 0.35

2004 0.34 0.39 0.31 0.28 0.25 0.25 0.18 0.20 0.24 0.21 0.23 0.23 0.26

2005 0.22 0.21 0.22 0.20 0.19 0.18 0.18 0.17 0.17 0.21 0.21 0.24 0.20

2006 0.23 0.22 0.23 0.25 0.24 0.21 0.21 0.24 0.26 0.24 0.24 0.23 0.23

2007 0.25 0.24 0.23 0.23 0.23 0.23 0.23 0.22 0.23 0.22 0.18 0.20 0.22

2008 0.19 0.20 0.20 0.18 0.17 0.16 0.17 0.18 0.16 0.15 0.15 0.17 0.17

2009 0.18 0.18 0.20 0.19 0.16 0.15 0.13 0.14 0.15 0.16 0.13 0.17 0.16

2010 0.17 0.19 0.17 0.16 0.16 0.15 0.15 0.16 0.18 0.19 0.17 0.18 0.17

2011 0.18 0.18 0.21 0.21 0.25 0.25 0.30 0.31 0.23 0.23 0.19 0.17 0.23

2012 0.15 0.16 0.19 0.19 0.21 0.24 0.19 0.20 0.18 0.13 0.13 0.13 0.17

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐70c

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.19 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.19 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.19 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.20 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.20 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.21 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.21 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Surry County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.19 Jan 1.00

2015 0.19 Feb 1.01

2020 0.19 Mar 1.08

2030 0.20 Apr 1.02

2040 0.20 May 1.03

2050 0.21 Jun 1.04

2060 0.21 Jul 1.04

Aug 1.07

Sep 1.00

Oct 0.95

Nov 0.86

Dec 0.91

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐71 Category Public Water/Wastewater Utilities

Entity Town of Troy Type Return

Facility Troy WWTP Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.72 0.78 0.65 0.70 0.57 0.52 0.61 0.64 0.61 0.54 0.61 0.63 0.63

2002 0.74 0.69 0.62 0.48 0.46 0.44 0.45 0.49 0.61 0.81 0.84 0.58 0.60

2003 0.78 0.56 0.66 0.66 0.82 0.70 0.54 0.61 0.49 0.46 0.43 0.48 0.60

2004 0.46 0.56 0.49 0.38 0.42 0.36 0.36 0.39 0.56 0.45 0.41 0.43 0.44

2005 0.47 0.47 0.58 0.53 0.42 0.47 0.47 0.49 0.36 0.37 0.35 0.48 0.46

2006 0.43 0.38 0.39 0.39 0.35 0.49 0.33 0.39 0.48 0.45 0.68 0.58 0.45

2007 0.74 0.51 0.54 0.53 0.41 0.43 0.37 0.38 0.35 0.39 0.37 0.45 0.46

2008 0.46 0.45 0.50 0.48 0.37 0.28 0.28 0.32 0.39 0.32 0.34 0.41 0.38

2009 0.43 0.38 0.61 0.45 0.42 0.34 0.32 0.33 0.30 0.32 0.48 0.53 0.41

2010 0.53 0.65 0.51 0.37 0.38 0.44 0.31 0.38 0.36 0.38 0.33 0.35 0.41

2011 0.36 0.41 0.49 0.38 0.38 0.33 0.33 0.42 0.51 0.51 0.56 0.52 0.43

2012 0.59 0.58 0.54 0.46 0.44 0.40 0.47 0.51 0.46 0.46 0.45 0.53 0.49

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐71

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.45 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.45 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.46 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.47 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.48 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.49 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.50 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Montgomery County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.45 Jan 1.21

2015 0.45 Feb 1.15

2020 0.46 Mar 1.23

2030 0.47 Apr 1.03

2040 0.48 May 0.93

2050 0.49 Jun 0.85

2060 0.50 Jul 0.81

Aug 0.90

Sep 0.92

Oct 0.92

Nov 0.98

Dec 1.08

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐72a Category Public Water/Wastewater Utilities

Entity Town of Wilkesboro Type Return

Facility Cub Creek WWTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 3.13 3.16 3.40 3.69 3.88 3.94 3.28 2.83 2.65 2.80 2.53 2.67 3.16

2002 3.49 3.50 3.07 3.14 3.86 3.31 3.15 3.22 3.27 3.53 3.60 3.77 3.41

2003 3.71 3.92 3.56 3.74 3.45 3.79 3.40 3.57 3.30 3.54 3.54 3.53 3.58

2004 2.81 2.94 2.94 2.93 3.28 3.82 3.40 3.40 3.81 3.14 3.25 3.15 3.24

2005 3.32 3.35 3.47 2.74 3.00 3.09 3.36 3.56 2.95 3.48 3.27 3.24 3.24

2006 3.36 3.11 2.96 3.41 3.18 3.26 3.52 3.50 3.71 3.93 3.94 3.14 3.42

2007 3.40 3.03 3.25 3.23 3.38 3.44 3.09 3.11 2.47 3.11 3.00 3.12 3.14

2008 3.20 3.18 2.38 2.82 2.52 2.68 2.70 3.06 2.59 2.46 2.21 2.49 2.69

2009 3.19 2.74 2.89 2.95 3.66 3.13 2.96 2.92 3.00 2.91 3.55 3.66 3.13

2010 3.82 3.76 4.06 3.91 3.39 3.50 2.89 3.06 3.48 3.38 2.96 3.69 3.49

2011 3.33 3.63 4.00 3.68 3.93 3.50 3.55 3.57 3.23 3.61 3.25 3.41 3.56

2012 3.92 3.48 3.17 3.36 4.31 4.30 3.68 3.66 3.71 3.66 3.53 3.67 3.71

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐72a

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.58 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.61 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.66 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.75 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.84 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.94 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 4.04 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Wilkes County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 3.58 Jan 1.06

2015 3.61 Feb 1.01

2020 3.66 Mar 1.00

2030 3.75 Apr 1.01

2040 3.84 May 1.07

2050 3.94 Jun 1.04

2060 4.04 Jul 0.96

Aug 0.98

Sep 0.94

Oct 0.97

Nov 0.94

Dec 1.02

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐72b Category Public Water/Wastewater Utilities

Entity Town of Wilkesboro Type Withdrawal

Facility Wilkesboro WFP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 3.60 3.50 3.60 3.80 4.00 3.90 3.90 4.10 4.10 4.00 3.50 3.60 3.80

2002 4.50 4.46 4.17 4.43 4.76 4.92 5.08 5.04 4.68 4.63 4.42 4.58 4.64

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 4.33 4.43 4.34 4.43 5.07 4.83 4.54 4.90 4.54 4.68 4.30 4.04 4.54

2008 4.20 4.35 4.35 4.43 4.38 4.76 4.59 4.53 4.35 4.42 4.05 4.21 4.38

2009 4.46 3.89 3.92 4.14 4.28 4.47 4.61 4.55 4.44 4.47 4.36 4.38 4.33

2010 4.72 4.63 4.40 4.10 4.14 4.35 4.25 4.01 4.24 3.88 3.25 3.91 4.15

2011 4.20 3.91 3.78 3.70 3.96 4.31 4.18 4.49 4.02 4.52 3.77 3.53 4.03

2012 4.14 3.87 3.61 3.51 4.40 4.56 4.46 4.42 4.14 4.34 4.02 3.92 4.12

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐72b

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 4.10 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 4.13 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Wilkes County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 4.10 Jan 1.02

2015 4.13 Feb 0.98

2020 ‐‐ Mar 0.95

2030 ‐‐ Apr 0.95

2040 ‐‐ May 1.03

2050 ‐‐ Jun 1.07

2060 ‐‐ Jul 1.04

Aug 1.05

Sep 1.01

Oct 1.03

Nov 0.93

Dec 0.94

Base Year's projected flowrate is based on 2010‐2012 Average.

Beginning in 2020, the Wilkes County WTP will come online and replace this facility. See entity sheet

NWH‐89 for details.

‐‐

‐‐

‐‐



ID No. NWH‐73a Category Public Water/Wastewater Utilities

Entity Town of Yadkinville Type Withdrawal

Facility Yadkinville WTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 1.04 0.99 0.90 0.93 1.05 1.08 1.21 1.24 1.18 1.05 0.93 0.85 1.04

2002 0.90 0.87 0.80 0.88 0.90 1.05 1.09 1.06 0.93 0.83 0.94 0.88 0.93

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 0.86 0.80 0.84 0.84 0.90 0.98 1.00 1.12 1.03 0.96 0.86 0.85 0.92

2008 0.86 0.92 0.86 0.89 0.91 0.98 1.00 1.04 0.96 0.93 0.77 0.75 0.90

2009 0.63 0.62 0.62 0.63 0.62 0.75 0.80 0.77 0.77 0.71 0.69 0.67 0.69

2010 0.78 0.81 0.77 0.79 0.91 0.93 1.00 0.97 0.93 0.86 0.82 0.76 0.86

2011 0.78 0.76 0.76 0.75 0.82 0.99 0.96 0.99 0.99 0.84 0.78 0.79 0.85

2012 0.79 0.71 0.72 0.73 0.83 0.91 0.96 0.93 0.89 0.82 0.78 0.68 0.81

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐73a

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.84 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.85 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.86 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.88 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.90 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.93 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.95 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Yadkin County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.84 Jan 0.93

2015 0.85 Feb 0.91

2020 0.86 Mar 0.91

2030 0.88 Apr 0.92

2040 0.90 May 0.99

2050 0.93 Jun 1.10

2060 0.95 Jul 1.14

Aug 1.15

Sep 1.10

Oct 1.02

Nov 0.93

Dec 0.89

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐73b Category Public Water/Wastewater Utilities

Entity Town of Yadkinville Type Return

Facility Yadkinville WWTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.77 0.83 0.86 0.83 0.79 0.79 0.71 0.68 0.67 0.65 0.59 0.57 0.73

2002 0.60 0.54 0.57 0.54 0.60 0.63 0.67 0.63 0.61 0.60 0.66 0.70 0.61

2003 0.60 0.70 0.73 0.74 0.73 0.90 0.74 0.70 0.67 0.58 0.59 0.61 0.69

2004 0.56 0.62 0.61 0.67 0.78 0.69 0.66 0.66 0.84 0.68 0.70 0.71 0.68

2005 0.69 0.68 0.78 0.79 0.65 0.68 0.78 0.78 0.71 0.77 0.69 0.73 0.73

2006 0.77 0.71 0.73 0.65 0.66 0.74 0.69 0.69 0.71 0.66 0.73 0.71 0.70

2007 0.84 0.68 0.72 0.67 0.62 0.70 0.72 0.73 0.74 0.77 0.65 0.71 0.71

2008 0.64 0.68 0.67 0.74 0.69 0.67 0.65 0.72 0.79 0.69 0.59 0.68 0.68

2009 0.65 0.60 0.73 0.69 0.69 0.79 0.66 0.70 0.75 0.70 0.83 0.87 0.72

2010 0.89 0.94 0.87 0.76 0.73 0.69 0.73 0.73 0.72 0.75 0.69 0.73 0.77

2011 0.68 0.70 0.81 0.75 0.79 0.82 0.79 0.81 0.83 0.78 0.86 0.84 0.79

2012 0.71 0.66 0.69 0.64 0.76 0.71 0.73 0.74 0.81 0.69 0.64 0.66 0.71

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐73b

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.75 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.76 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.77 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.79 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.81 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.83 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.85 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Yadkin County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.75 Jan 1.01

2015 0.76 Feb 0.97

2020 0.77 Mar 1.02

2030 0.79 Apr 0.97

2040 0.81 May 0.98

2050 0.83 Jun 1.00

2060 0.85 Jul 0.98

Aug 1.01

Sep 1.06

Oct 1.00

Nov 0.97

Dec 1.02

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐76a Category Public Water/Wastewater Utilities

Entity Union County Public Works Type Return

Facility Crooked Creek WWTP #2 Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 1.14 1.37 1.33 1.17 1.06 0.98 1.02 0.88 0.94 1.10 1.26 1.42 1.14

2002 1.43 1.24 1.34 1.06 0.99 0.81 0.87 0.88 1.15 1.26 1.44 1.64 1.18

2003 1.16 1.66 1.69 1.79 1.55 1.38 1.40 1.27 0.93 0.98 0.92 1.03 1.31

2004 0.98 1.23 1.00 0.84 0.69 0.86 0.82 0.91 1.19 0.86 0.92 0.97 0.94

2005 0.99 1.23 1.39 1.24 0.93 1.13 1.11 1.19 1.12 1.37 1.21 1.64 1.21

2006 1.47 1.47 1.32 1.26 1.30 1.41 1.44 1.47 1.55 1.51 1.50 1.22 1.41

2007 1.42 1.29 1.39 1.24 1.08 1.26 1.32 1.28 1.31 1.36 1.19 1.32 1.29

2008 1.03 1.19 1.19 1.16 1.03 0.91 1.03 1.09 1.08 1.09 1.09 1.11 1.08

2009 1.11 0.99 1.37 1.02 0.99 1.02 0.84 0.90 0.81 0.84 1.08 1.33 1.03

2010 1.18 1.37 1.12 0.85 0.91 1.09 0.98 0.91 0.81 0.81 0.80 0.87 0.97

2011 0.88 0.99 1.11 0.98 0.91 0.96 0.98 1.05 0.99 1.04 1.00 1.07 1.00

2012 1.14 1.04 1.14 1.11 1.15 0.97 1.04 1.08 1.04 0.97 0.89 1.01 1.05

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐76a

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

Applied AGR 2012‐2020: 1.83%

Applied AGR 2030‐2060: 1.74%

Analysis and Projections Notes

Applied AGR values shown above are based on Projected AGR values for Union County.

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 ‐‐ Jan 1.05

2015 ‐‐ Feb 1.07

2020 ‐‐ Mar 1.14

2030 ‐‐ Apr 0.99

2040 ‐‐ May 0.94

2050 ‐‐ Jun 0.97

2060 ‐‐ Jul 0.96

Aug 0.98

Sep 0.94

Oct 0.95

Nov 0.94

Dec 1.05

Base Year's projected flowrate is based on 2010‐2012 Average.

See Union County Public Works projections in other tables (values not displayed on this sheet).

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐76b Category Public Water/Wastewater Utilities

Entity Union County Public Works Type Return

Facility Hunley Creek WWTP Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.10 0.10 0.11 0.11 0.10 0.09 0.11 0.10 0.10 0.10 0.11 0.12 0.10

2002 0.18 0.17 0.18 0.16 0.16 0.15 0.15 0.15 0.17 0.17 0.19 0.21 0.17

2003 0.18 0.22 0.24 0.25 0.22 0.20 0.19 0.19 0.18 0.18 0.18 0.18 0.20

2004 0.19 0.20 0.20 0.18 0.17 0.18 0.18 0.19 0.21 0.19 0.20 0.20 0.19

2005 0.21 0.21 0.22 0.22 0.19 0.21 0.20 0.20 0.18 0.21 0.20 0.24 0.21

2006 0.23 0.21 0.21 0.20 0.22 ND ND ND ND ND ND ND 0.21

2007 ND ND ND ND ND ND ND ND ND ND ND ND ND

2008 ND ND ND ND ND ND ND ND ND ND ND ND ND

2009 ND ND ND ND ND ND ND ND ND ND ND ND ND

2010 ND ND ND ND ND ND ND ND ND ND ND ND ND

2011 ND ND ND ND ND ND ND ND ND ND ND ND ND

2012 ND ND ND ND ND ND ND ND ND ND ND ND ND

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐WWTP was taken out of service May 10, 2006 and remains inactive (per Union County WW System Performance Summary)

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐76b

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

Applied AGR 2012‐2020: 1.83%

Applied AGR 2030‐2060: 1.74%

Analysis and Projections Notes

Applied AGR values shown above are based on Projected AGR values for Union County.

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 ‐‐ Jan 0.98

2015 ‐‐ Feb 1.04

2020 ‐‐ Mar 1.08

2030 ‐‐ Apr 1.06

2040 ‐‐ May 0.96

2050 ‐‐ Jun 0.95

2060 ‐‐ Jul 0.94

Aug 0.95

Sep 0.96

Oct 0.97

Nov 1.01

Dec 1.10

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐No projected flows because plant is permanently closed.

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐76c Category Public Water/Wastewater Utilities

Entity Union County Public Works Type Return

Facility Grassy Branch WWTP Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 ND ND ND ND ND ND ND ND ND ND ND ND ND

2002 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01

2003 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

2004 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01

2005 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01

2006 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.01

2007 0.02 0.02 0.02 0.02 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.02 0.02

2008 0.02 0.03 0.02 0.02 0.02 0.01 0.01 0.01 0.03 0.02 0.02 0.02 0.02

2009 0.02 0.02 0.04 0.02 0.03 0.01 0.01 0.02 0.02 0.02 0.03 0.05 0.02

2010 0.04 0.05 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.02 0.02 0.03 0.03

2011 0.04 0.04 0.06 0.05 0.04 0.04 0.02 0.03 0.03 0.04 0.03 0.04 0.04

2012 0.04 0.03 0.03 0.02 0.03 0.02 0.02 0.03 0.03 0.03 0.02 0.02 0.03

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐76c

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.03 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.03 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.04 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.04 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.05 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.06 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.07 ‐‐

Applied AGR 2012‐2020: 1.83%

Applied AGR 2030‐2060: 1.74%

Analysis and Projections Notes

Applied AGR values shown above are based on Projected AGR values for Union County.

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.03 Jan 1.14

2015 0.03 Feb 1.21

2020 0.04 Mar 1.39

2030 0.04 Apr 1.01

2040 0.05 May 0.99

2050 0.06 Jun 0.78

2060 0.07 Jul 0.69

Aug 0.88

Sep 1.01

Oct 0.92

Nov 0.87

Dec 1.12

‐‐

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



ID No. NRB‐76d Category Public Water/Wastewater Utilities

Entity Union County Public Works Type Return

Facility Tallwood Estates WWTP Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.02 0.04 0.03 0.02 0.02 0.02 0.02 0.01 0.01 0.02 0.02 0.02 0.02

2002 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.02

2003 0.02 0.03 0.03 0.03 0.02 0.03 0.02 0.02 0.01 0.01 0.01 0.02 0.02

2004 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

2005 0.02 0.02 0.03 0.02 0.02 0.02 0.03 0.03 0.02 0.03 0.02 0.04 0.02

2006 0.04 0.03 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.03 0.04 0.03 0.03

2007 0.04 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03

2008 0.03 0.04 0.04 0.03 0.03 0.02 0.03 0.03 0.03 0.02 0.02 0.03 0.03

2009 0.03 0.03 0.05 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.04 0.05 0.03

2010 0.05 0.06 0.03 0.02 0.02 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.03

2011 0.02 0.04 0.05 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03

2012 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.02 0.02 0.03 0.03

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐76d

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.03 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.03 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.04 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.04 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.05 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.06 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.07 ‐‐

Applied AGR 2012‐2020: 1.83%

Applied AGR 2030‐2060: 1.74%

Analysis and Projections Notes

Applied AGR values shown above are based on Projected AGR values for Union County.

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.03 Jan 1.15

2015 0.03 Feb 1.25

2020 0.04 Mar 1.32

2030 0.04 Apr 1.04

2040 0.05 May 0.94

2050 0.06 Jun 0.93

2060 0.07 Jul 0.90

Aug 0.87

Sep 0.82

Oct 0.83

Nov 0.86

Dec 1.10

‐‐

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



ID No. NWB‐77a Category Public Water/Wastewater Utilities

Entity Water and Sewer Authority of Cabarrus County Type Withdrawal

Facility Mt. Pleasant WTF Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.25 0.25 0.25 0.25 0.26 0.32 0.33 0.30 0.27 0.26 0.25 0.25 0.27

2002 0.25 0.25 0.25 0.25 0.28 0.30 0.30 0.29 0.25 0.25 0.24 0.24 0.26

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 0.26 0.25 0.26 0.25 0.27 0.26 0.26 0.27 0.28 0.25 0.23 0.22 0.25

2008 0.24 0.26 0.20 0.21 0.22 0.26 0.23 0.26 0.22 0.22 0.22 0.23 0.23

2009 0.21 0.21 0.23 0.24 0.25 0.26 0.27 0.27 0.26 0.25 0.27 0.30 0.25

2010 0.28 0.26 0.27 0.28 0.31 0.31 0.30 0.30 0.31 0.30 0.30 0.30 0.29

2011 0.28 0.26 0.27 0.28 0.29 0.30 0.28 0.30 0.29 0.27 0.25 0.23 0.28

2012 0.24 0.23 0.23 0.24 0.26 0.26 0.27 0.26 0.26 0.24 0.23 0.22 0.24

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWB‐77a

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.27 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.28 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.31 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.35 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.40 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.46 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.53 ‐‐

Applied AGR 2012‐2020: 1.56%

Applied AGR 2030‐2060: 1.37%

Analysis and Projections Notes

Applied AGR values shown above are based on Projected AGR values for Cabarrus County.

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.27 Jan 0.97

2015 0.28 Feb 0.94

2020 0.31 Mar 0.95

2030 0.35 Apr 0.97

2040 0.40 May 1.03

2050 0.46 Jun 1.06

2060 0.53 Jul 1.03

Aug 1.07

Sep 1.04

Oct 0.99

Nov 0.96

Dec 0.97

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐77c Category Public Water/Wastewater Utilities

Entity Water and Sewer Authority of Cabarrus County Type Return

Facility Rocky River WWTP (WSACC) Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 16.53 17.73 17.15 18.26 16.92 15.85 18.37 16.20 17.09 17.03 16.74 17.11 17.08

2002 14.42 14.00 15.08 14.43 14.40 13.95 14.02 13.89 13.43 14.82 15.63 16.57 14.56

2003 15.00 17.13 20.15 22.28 21.38 18.61 15.10 14.08 12.37 11.79 11.63 12.16 15.96

2004 11.64 13.57 13.13 12.58 12.58 12.61 12.75 12.57 15.83 12.62 13.26 13.31 13.03

2005 12.89 13.58 15.15 14.24 12.58 13.18 13.58 12.54 11.97 13.09 12.52 15.13 13.37

2006 14.16 13.01 13.20 13.16 12.80 13.30 12.83 15.04 15.91 14.23 17.57 14.87 14.17

2007 16.56 15.66 16.96 15.56 14.62 14.10 14.11 14.20 14.37 14.27 12.76 13.55 14.72

2008 13.69 14.49 15.58 15.40 13.88 12.97 13.36 17.04 14.67 13.03 12.58 14.67 14.28

2009 14.65 13.39 18.70 15.30 14.19 14.51 14.08 13.21 12.90 12.94 15.26 16.80 14.67

2010 17.67 18.41 15.80 14.00 13.95 13.93 13.17 14.05 13.69 13.27 11.73 13.63 14.42

2011 12.34 14.21 14.71 14.89 14.65 14.63 13.15 13.19 14.00 13.44 14.76 16.37 14.19

2012 16.65 16.56 14.65 13.43 14.75 14.00 13.14 13.38 13.08 12.70 12.35 12.76 13.95

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐77c

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 14.19 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ 11.22 14.86 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ 12.63 16.06 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ 12.95 18.40 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ 13.95 21.08 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ 18.72 24.15 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ 21.55 27.66 ‐‐

Applied AGR 2012‐2020: 1.56%

Applied AGR 2030‐2060: 1.37%

Analysis and Projections Notes

Applied AGR values shown above are based on Projected AGR values for Cabarrus County.

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 14.19 Jan 1.06

2015 14.86 Feb 1.08

2020 16.06 Mar 1.12

2030 18.40 Apr 1.03

2040 21.08 May 1.00

2050 24.15 Jun 0.98

2060 27.66 Jul 0.94

Aug 0.99

Sep 0.96

Oct 0.92

Nov 0.92

Dec 1.02

Base Year's projected flowrate is based on 2010‐2012 Average.

Wholesale projections shown above assume that 85% of Rocky River subbasin water flows required by

Catawba IBT agreement will become wastewater treated at Rocky River WWTP.

‐‐

‐‐

‐‐



ID No. NRH‐81 Category Public Water/Wastewater Utilities

Entity Yadkin Valley Sewer Authority, Inc Type Return

Facility Yadkin Valley Sewer Authority WWTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.95 0.99 1.00 0.97 0.80 0.84 0.91 0.84 0.89 0.91 0.86 0.90 0.90

2002 0.80 0.72 0.77 0.69 0.66 0.59 0.64 0.65 0.64 0.75 0.75 0.83 0.71

2003 0.78 0.91 0.91 0.89 0.69 0.82 0.78 0.66 0.62 0.58 0.62 0.71 0.75

2004 0.61 0.75 0.62 0.61 0.53 0.55 0.53 0.56 0.68 0.59 0.61 0.64 0.61

2005 0.55 0.55 0.73 0.61 0.53 0.53 0.57 0.53 0.53 0.56 0.54 0.63 0.57

2006 0.64 0.57 0.53 0.54 0.54 0.56 0.55 0.49 0.55 0.49 0.62 0.59 0.56

2007 0.66 0.56 0.61 0.51 0.47 0.49 0.47 0.70 0.52 0.41 0.53 0.67 0.55

2008 0.58 0.63 0.58 0.65 0.54 0.55 0.52 0.54 0.57 0.53 0.51 0.68 0.57

2009 0.66 0.59 0.76 0.66 0.81 0.69 0.54 0.55 0.59 0.54 0.68 0.73 0.65

2010 0.65 0.67 0.57 0.48 0.48 0.43 0.41 0.40 0.38 0.40 0.57 0.61 0.50

2011 0.55 0.61 0.82 0.70 0.65 0.59 0.62 0.60 0.67 0.62 0.67 0.76 0.66

2012 0.66 0.64 0.77 0.66 0.74 0.61 0.70 0.57 0.66 0.60 0.55 0.66 0.65

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐81

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.60 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.61 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.62 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.63 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.65 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.66 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.68 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR values

for Surry, Wilkes, and Yadkin Counties. This is to account for the higher growth expected in the

service area compared to the overall county‐average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.60 Jan 1.05

2015 0.61 Feb 1.03

2020 0.62 Mar 1.15

2030 0.63 Apr 1.02

2040 0.65 May 1.03

2050 0.66 Jun 0.94

2060 0.68 Jul 0.91

Aug 0.94

Sep 0.94

Oct 0.86

Nov 0.98

Dec 1.14

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐84 Category Public Water/Wastewater Utilities

Entity City of Charlotte Type Return

Facility Cabarrus Woods WWTP Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.24 0.29 0.28 0.28 0.26 0.23 0.26 0.20 0.24 0.27 0.28 0.32 0.26

2002 0.38 0.39 0.39 0.38 0.36 0.35 0.33 0.32 0.32 0.46 0.44 0.36 0.37

2003 0.33 0.39 0.31 0.43 0.42 0.36 0.29 0.29 0.33 0.31 0.31 0.30 0.34

2004 0.29 0.28 0.28 0.29 0.27 0.28 0.29 0.32 0.32 0.31 0.29 0.29 0.29

2005 0.30 0.30 0.30 0.30 0.29 0.30 0.31 0.30 0.30 0.30 0.31 0.30 0.30

2006 0.30 0.29 0.30 0.30 0.29 0.30 0.29 0.31 0.30 0.30 0.31 0.23 0.29

2007 0.25 0.46 0.67 0.73 0.50 0.53 0.50 0.49 0.49 0.49 0.48 0.48 0.51

2008 0.40 0.46 0.94 0.57 0.52 0.52 0.46 0.32 0.26 0.26 0.30 0.41 0.45

2009 0.23 0.34 0.63 0.54 0.52 0.53 0.38 0.36 0.42 0.51 0.65 0.47 0.47

2010 0.44 0.62 0.51 0.50 0.43 0.38 0.34 0.39 0.35 0.35 0.36 0.40 0.42

2011 0.41 0.45 0.48 0.44 0.46 0.41 0.40 0.42 0.34 0.37 0.51 0.51 0.43

2012 0.45 ND ND ND ND ND ND ND ND ND ND ND 0.45

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRB‐84

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.43 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.45 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.49 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.56 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.64 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.74 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.84 ‐‐

Applied AGR 2012‐2020: 1.56%

Applied AGR 2030‐2060: 1.37%

Analysis and Projections Notes

Applied AGR values shown above are based on Projected AGR values for Cabarrus County.

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.43 Jan 0.80

2015 0.45 Feb 1.03

2020 0.49 Mar 1.42

2030 0.56 Apr 1.23

2040 0.64 May 1.07

2050 0.74 Jun 1.05

2060 0.84 Jul 0.91

Aug 0.88

Sep 0.82

Oct 0.87

Nov 1.01

Dec 1.00

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐2012 data forecasted based on 2011 data and county AGR

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐86 Category Public Water/Wastewater Utilities

Entity Town of Cleveland Type Return

Facility Cleveland WWTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.12 0.13 0.15 0.13 0.12 0.14 0.15 0.15 0.14 0.11 0.09 0.09 0.13

2002 0.09 0.08 0.09 0.10 0.10 0.13 0.14 0.13 0.16 0.16 0.11 0.10 0.12

2003 0.07 0.11 0.13 0.14 0.13 0.14 0.15 0.15 0.14 0.12 0.10 0.10 0.12

2004 0.09 0.11 0.11 0.12 0.14 0.15 0.15 0.16 0.15 0.14 0.14 0.12 0.13

2005 0.11 0.13 0.14 0.13 0.14 0.16 0.18 0.19 0.16 0.15 0.12 0.12 0.14

2006 0.12 0.11 0.11 0.11 0.11 0.16 0.17 0.19 0.16 0.12 0.12 0.10 0.13

2007 0.11 0.10 0.11 0.09 0.09 0.12 0.13 0.16 0.13 0.13 0.10 0.11 0.12

2008 0.08 0.10 0.10 0.12 0.11 0.15 0.13 0.16 0.15 0.12 0.10 0.11 0.12

2009 0.12 0.01 0.10 0.09 0.10 0.12 0.10 0.11 0.10 0.09 0.10 0.10 0.10

2010 0.09 0.11 0.09 0.09 0.10 0.12 0.13 0.12 0.12 0.09 0.09 0.08 0.10

2011 0.08 0.09 0.10 0.10 0.11 0.13 0.13 0.14 0.14 0.09 0.09 0.08 0.11

2012 0.08 0.09 0.10 0.10 0.13 0.13 0.14 0.14 0.13 0.10 0.10 0.09 0.11

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRH‐86

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.11 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.11 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.11 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.11 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.12 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.12 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.12 ‐‐

Applied AGR 2012‐2020: 0.34%

Applied AGR 2030‐2060: 0.32%

Analysis and Projections Notes

Applied AGR values shown above are based on Projected AGR values for Rowan County.

‐‐

‐‐

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.11 Jan 0.87

2015 0.11 Feb 0.76

2020 0.11 Mar 0.92

2030 0.11 Apr 0.90

2040 0.12 May 0.99

2050 0.12 Jun 1.18

2060 0.12 Jul 1.17

Aug 1.28

Sep 1.19

Oct 0.96

Nov 0.88

Dec 0.90

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐87 Category Public Water/Wastewater Utilities

Entity Energy United Water Type Withdrawal

Facility Energy United Water WTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.82 0.70 0.73 0.79 0.78 0.85 0.97 0.84 1.03 0.82 0.72 0.71 0.81

2002 1.38 1.41 1.38 1.51 1.52 1.65 1.38 0.83 1.61 1.68 1.73 1.59 1.47

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 1.02 0.90 1.04 1.22 1.55 1.48 1.50 1.71 1.57 1.52 1.29 1.37 1.35

2008 1.41 1.42 1.64 1.70 1.85 2.04 1.94 1.95 1.88 1.79 1.76 1.79 1.77

2009 1.61 1.49 1.49 1.54 1.60 1.72 1.84 1.75 1.65 1.51 1.47 1.42 1.59

2010 1.53 1.46 1.50 1.57 1.71 1.79 1.86 1.67 1.71 1.61 1.55 1.59 1.63

2011 1.64 1.47 1.51 1.57 1.72 1.84 1.91 1.90 1.75 1.67 1.57 1.56 1.68

2012 1.60 1.57 1.56 1.61 1.76 1.96 1.81 1.79 1.70 1.67 1.50 1.59 1.68

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWH‐87

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.66 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.67 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.69 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.74 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.78 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.83 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.87 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Alexander County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 1.66 Jan 0.91

2015 1.67 Feb 0.86

2020 1.69 Mar 0.90

2030 1.74 Apr 0.95

2040 1.78 May 1.05

2050 1.83 Jun 1.12

2060 1.87 Jul 1.12

Aug 1.11

Sep 1.06

Oct 1.01

Nov 0.94

Dec 0.96

Base Year's projected flowrate is based on 2010‐2012 Average.

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWB‐88 Category Public Water/Wastewater Utilities

Entity Richmond County Type Withdrawal

Facility Richmond County WTP Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 3.70 3.60 3.19 3.58 3.70 4.31 4.05 4.06 4.08 3.58 3.36 2.64 3.65

2002 2.55 2.27 1.96 2.77 3.11 4.41 3.71 4.24 4.23 2.96 3.86 2.52 3.22

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 3.29 3.10 2.65 3.32 3.31 4.38 4.27 4.71 5.48 5.05 4.03 3.22 3.90

2008 2.60 2.50 2.00 2.80 2.90 3.80 3.70 4.20 4.80 4.40 3.50 2.60 3.32

2009 3.00 2.30 2.10 2.00 2.40 3.30 3.50 3.70 3.40 2.60 2.50 2.00 2.74

2010 2.60 2.70 2.10 3.20 2.40 3.00 3.20 4.20 4.10 3.40 2.60 2.20 2.97

2011 3.63 3.00 3.20 3.40 3.80 4.50 4.50 4.50 4.50 4.00 3.30 2.40 3.73

2012 ND ND ND ND ND ND ND ND ND ND ND ND ND

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWB‐88

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.35 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.38 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.42 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.51 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.60 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.69 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.78 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Richmond County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 3.35 Jan 0.91

2015 3.38 Feb 0.82

2020 3.42 Mar 0.72

2030 3.51 Apr 0.88

2040 3.60 May 0.89

2050 3.69 Jun 1.14

2060 3.78 Jul 1.15

Aug 1.28

Sep 1.34

Oct 1.17

Nov 0.96

Dec 0.75

‐‐

‐‐

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



z NRD‐88b Category Public Water/Wastewater Utilities

Entity Richmond County Type Return

Facility Richmond County WTP Sub‐basin Downstream Of Blewett Falls Lake (Nc)

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 ND ND ND ND ND ND ND ND ND 0.09 0.09 0.12 0.10

2002 0.16 0.17 0.21 0.19 0.21 0.30 0.24 0.26 0.26 0.20 0.10 0.08 0.20

2003 0.32 0.15 0.09 0.12 0.19 0.14 0.25 0.21 0.12 0.17 0.16 0.13 0.17

2004 0.18 0.15 0.09 0.09 0.25 0.20 0.17 0.32 0.34 0.28 0.21 0.29 0.21

2005 0.28 0.30 0.20 0.30 0.33 0.32 0.36 0.33 0.30 0.25 0.24 0.20 0.28

2006 0.28 0.32 0.34 0.23 0.20 0.19 ND 0.27 0.24 0.22 0.27 0.22 0.25

2007 0.33 0.39 0.28 0.32 0.30 0.35 0.31 0.31 0.13 0.14 0.12 0.15 0.26

2008 0.10 0.19 0.23 0.21 0.19 0.36 0.37 0.45 0.36 0.31 0.26 0.26 0.27

2009 0.28 0.26 0.35 0.32 0.34 0.42 0.41 0.49 0.43 0.39 0.40 0.36 0.37

2010 0.45 0.44 0.54 0.27 ND 0.32 0.32 0.32 0.28 0.30 0.30 0.33 0.35

2011 0.31 0.41 0.31 0.28 0.17 0.18 0.19 0.20 0.18 0.22 0.21 0.27 0.24

2012 0.33 0.16 0.20 0.25 0.21 0.24 0.16 0.11 0.14 0.21 0.29 0.19 0.21

Data Source: NC Local Water Supply Plan database; Harold Brady at NCDENR‐DWR; received April 17, 2014

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRD‐88b

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.27 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.27 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.27 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.28 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.29 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.29 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.30 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Richmond County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.27 Jan 1.05

2015 0.27 Feb 1.09

2020 0.27 Mar 1.11

2030 0.28 Apr 0.97

2040 0.29 May 0.86

2050 0.29 Jun 1.09

2060 0.30 Jul 1.03

Aug 1.10

Sep 0.89

Oct 0.92

Nov 0.93

Dec 0.91

‐‐

‐‐

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



ID No. NWH‐89 Category Public Water/Wastewater Utilities

Entity Wilkes County Type Withdrawal

Facility Wilkes County WTP (Future) Sub‐basin W. Kerr Scott Reservoir

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2002 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2003 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2004 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2005 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2006 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2007 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2008 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2009 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2010 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2011 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2012 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

Data Source: n/a

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

This future facility will replace two existing facilities: (a) North Wilksboro WP (entity ID: NWH‐68a) and (b) Wilkesboro WFP

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

(entity ID: NWH‐72b). See those two entity sheets for historical flow data.



ID No. NWH‐89

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 6.83 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 7.00 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 7.18 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 7.36 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 7.55 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Wilkes County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 ‐‐ Jan 1.00

2015 ‐‐ Feb 0.96

2020 6.83 Mar 0.95

2030 7.00 Apr 0.95

2040 7.18 May 1.02

2050 7.36 Jun 1.07

2060 7.55 Jul 1.06

Aug 1.06

Sep 1.01

Oct 1.02

Nov 0.94

Dec 0.94

Projections assume that this new facility will come online in 2020. At that point, all flows from

(a) North Wilksboro WP (entity ID: NWH‐68a) and (b) Wilkesboro WFP (entity ID: NWH‐72b) will be

transferred to this new combined facility and then projected forward.

Monthly coefficients shown below are based on combined historical flow data for the two entities listed

above (NWH‐68a, NWH‐72b).

‐‐



ID No. NRD‐90a Category Public Water/Wastewater Utilities

Entity City of Rockingham Type Return

Facility Rockingham WWTP Sub‐basin Downstream Of Blewett Falls Lake (Nc)

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 5.61 5.79 5.24 5.11 4.76 4.41 4.93 4.15 4.10 4.46 4.37 4.70 4.80

2002 3.38 4.49 4.51 4.66 3.87 3.77 4.00 3.90 3.87 4.82 5.13 5.22 4.30

2003 4.84 5.77 6.50 5.88 5.57 5.51 4.66 5.57 5.08 4.59 4.25 4.38 5.21

2004 4.19 4.86 4.91 4.38 4.29 4.23 3.92 4.12 5.27 4.22 3.41 3.21 4.25

2005 3.59 3.64 4.22 4.24 3.63 4.05 4.04 4.09 3.00 3.93 3.46 4.36 3.86

2006 4.18 4.10 3.86 3.30 3.27 4.10 3.35 3.67 3.37 3.40 4.92 4.45 3.83

2007 4.98 4.88 4.92 4.05 3.55 3.53 3.24 3.22 3.19 3.37 3.03 3.41 3.78

2008 4.05 3.84 4.17 4.88 3.78 3.28 4.38 4.41 5.77 3.60 3.46 4.07 4.14

2009 3.67 3.41 3.93 3.35 2.91 2.59 2.66 2.73 2.40 2.39 2.95 3.95 3.08

2010 3.79 4.43 3.42 2.56 2.05 2.33 2.10 2.22 2.35 2.71 2.28 2.39 2.71

2011 2.51 2.86 2.75 2.76 2.57 2.24 2.15 2.25 2.16 2.20 2.33 2.24 2.42

2012 2.35 2.33 2.74 3.12 3.07 2.91 3.05 3.68 3.38 3.37 2.95 3.14 3.01

Data Source: n/a

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRD‐90a

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.71 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.73 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.77 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.84 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.91 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.98 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 3.06 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Richmond County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 2.71 Jan 1.00

2015 2.73 Feb 0.96

2020 2.77 Mar 0.95

2030 2.84 Apr 0.95

2040 2.91 May 1.02

2050 2.98 Jun 1.07

2060 3.06 Jul 1.06

Aug 1.06

Sep 1.01

Oct 1.02

Nov 0.94

Dec 0.94

‐‐



ID No. NWD‐90b Category Public Water/Wastewater Utilities

Entity City of Rockingham Type Withdrawal

Facility Rockingham WTP (City Pond intake) Sub‐basin Downstream Of Blewett Falls Lake (Nc)

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.98 1.01 0.98 0.93 1.04 1.16 1.23 1.21 1.19 1.10 0.99 1.03 1.07

2002 0.79 0.83 0.82 0.90 0.85 0.84 0.66 0.65 0.83 0.76 0.79 0.85 0.80

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 0.98 1.01 0.98 1.02 1.12 1.14 1.16 1.27 1.11 1.10 0.96 0.94 1.07

2008 0.84 0.84 0.78 0.91 0.94 0.93 0.87 0.92 0.86 0.94 0.88 0.93 0.89

2009 0.92 0.82 0.88 0.88 0.90 0.88 0.80 0.88 0.87 0.88 0.85 0.84 0.87

2010 0.78 0.78 0.83 0.88 0.85 0.87 0.85 0.86 0.87 0.85 0.86 0.87 0.85

2011 0.90 0.94 0.93 0.96 1.00 1.10 1.03 1.10 1.05 1.00 0.99 0.91 0.99

2012 0.89 0.92 1.00 1.40 1.44 1.44 1.09 1.04 0.94 1.04 0.98 0.93 1.09

Data Source: n/a

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

Historical Data above is based on the 2012 flow split between all City of Rockingham facilities.



ID No. NWD‐90b

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.98 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.98 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.00 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.02 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.05 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.07 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.10 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Richmond County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.98 Jan 1.00

2015 0.98 Feb 0.96

2020 1.00 Mar 0.95

2030 1.02 Apr 0.95

2040 1.05 May 1.02

2050 1.07 Jun 1.07

2060 1.10 Jul 1.06

Aug 1.06

Sep 1.01

Oct 1.02

Nov 0.94

Dec 0.94

‐‐



ID No. NWD‐90c Category Public Water/Wastewater Utilities

Entity City of Rockingham Type Withdrawal

Facility Rockingham WTP (Roberdel Lake intake) Sub‐basin Downstream Of Blewett Falls Lake (Nc)

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 1.96 2.02 1.95 1.86 2.08 2.31 2.46 2.43 2.37 2.21 1.98 2.07 2.14

2002 1.57 1.65 1.64 1.79 1.70 1.69 1.31 1.30 1.66 1.53 1.57 1.70 1.59

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 1.96 2.01 1.97 2.04 2.24 2.28 2.31 2.55 2.22 2.21 1.92 1.87 2.13

2008 1.67 1.68 1.57 1.81 1.87 1.87 1.74 1.84 1.72 1.87 1.77 1.86 1.77

2009 1.85 1.63 1.76 1.76 1.80 1.77 1.59 1.77 1.74 1.76 1.70 1.67 1.73

2010 1.56 1.57 1.67 1.77 1.70 1.74 1.69 1.72 1.74 1.69 1.71 1.74 1.69

2011 1.81 1.88 1.86 1.92 1.99 2.21 2.07 2.19 2.10 2.00 1.97 1.83 1.99

2012 1.77 1.83 2.00 2.79 2.88 2.89 2.18 2.08 1.89 2.08 1.95 1.86 2.18

Data Source: n/a

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

Historical Data above is based on the 2012 flow split between all City of Rockingham facilities.



ID No. NWD‐90c

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.95 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.97 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.99 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.04 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.09 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.15 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.20 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Richmond County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 1.95 Jan 1.00

2015 1.97 Feb 0.96

2020 1.99 Mar 0.95

2030 2.04 Apr 0.95

2040 2.09 May 1.02

2050 2.15 Jun 1.07

2060 2.20 Jul 1.06

Aug 1.06

Sep 1.01

Oct 1.02

Nov 0.94

Dec 0.94

‐‐



ID No. NWD‐91a Category Public Water/Wastewater Utilities

Entity City of Hamlet Type Withdrawal

Facility Hamlet WTP Sub‐basin Downstream Of Blewett Falls Lake (Nc)

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 1.12 1.11 1.06 1.13 1.35 1.43 1.51 1.72 1.64 1.60 1.42 1.33 1.37

2002 1.43 1.39 1.36 1.63 1.71 1.90 1.57 1.49 1.37 1.37 1.34 1.08 1.47

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 0.96 0.97 1.03 1.14 1.37 1.42 1.49 1.60 1.35 1.25 1.14 1.02 1.23

2008 0.97 1.00 0.97 1.00 1.17 1.42 1.26 1.17 1.09 0.93 0.87 0.86 1.06

2009 0.87 0.85 0.87 0.91 1.04 1.26 1.43 1.40 1.19 1.06 0.97 0.91 1.06

2010 1.10 0.97 0.99 1.20 1.28 1.33 1.32 1.45 1.43 1.21 1.12 1.01 1.20

2011 1.02 0.97 1.01 1.04 1.25 1.48 1.32 1.22 1.14 1.11 1.01 1.00 1.13

2012 1.00 1.02 1.12 1.13 1.22 1.29 1.31 1.68 1.19 1.08 1.02 0.96 1.17

Data Source: n/a

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWD‐91a

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.17 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.18 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.19 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.22 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.25 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.28 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.32 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Richmond County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 1.17 Jan 1.00

2015 1.18 Feb 0.96

2020 1.19 Mar 0.95

2030 1.22 Apr 0.95

2040 1.25 May 1.02

2050 1.28 Jun 1.07

2060 1.32 Jul 1.06

Aug 1.06

Sep 1.01

Oct 1.02

Nov 0.94

Dec 0.94

‐‐



ID No. NRD‐91b Category Public Water/Wastewater Utilities

Entity City of Hamlet Type Return

Facility Hamlet WWTP Sub‐basin Downstream Of Blewett Falls Lake (Nc)

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.80 0.84 0.78 0.66 0.66 0.58 0.76 0.68 0.62 0.69 0.75 0.77 0.72

2002 0.79 0.73 0.73 0.68 0.69 0.92 0.79 0.65 0.66 0.87 0.86 0.84 0.77

2003 0.76 0.83 0.99 0.96 0.87 1.00 0.96 1.08 0.87 0.82 0.86 0.78 0.90

2004 0.77 0.89 0.64 0.73 0.68 0.73 0.87 0.81 1.09 0.77 0.76 0.70 0.79

2005 0.79 0.78 0.77 0.72 0.71 0.86 1.21 1.02 0.66 0.94 0.76 0.91 0.85

2006 0.85 0.80 0.78 0.65 0.64 0.66 0.71 0.75 0.71 0.70 0.94 0.87 0.75

2007 0.90 0.88 0.91 0.75 0.71 0.71 0.65 0.65 0.66 0.70 0.65 0.77 0.75

2008 0.76 0.81 0.81 0.89 0.71 0.61 0.71 0.81 0.96 0.74 0.75 0.78 0.78

2009 0.71 0.70 0.82 0.73 0.69 0.65 0.65 0.54 0.65 0.66 0.74 0.87 0.70

2010 0.88 0.95 0.84 0.83 0.71 0.72 0.73 0.76 0.77 0.84 0.70 0.65 0.78

2011 0.62 0.75 0.75 0.78 0.73 0.66 0.66 0.65 0.65 0.64 0.67 0.67 0.68

2012 0.67 0.68 0.69 0.67 0.61 0.51 0.49 0.58 0.59 0.51 0.51 0.54 0.59

Data Source: n/a

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NRD‐91b

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.68 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.69 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.70 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.72 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.73 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.75 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.77 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Richmond County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.68 Jan 1.00

2015 0.69 Feb 0.96

2020 0.70 Mar 0.95

2030 0.72 Apr 0.95

2040 0.73 May 1.02

2050 0.75 Jun 1.07

2060 0.77 Jul 1.06

Aug 1.06

Sep 1.01

Oct 1.02

Nov 0.94

Dec 0.94

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWD‐93 Category Public Water/Wastewater Utilities

Entity Town of Wadesboro Type Withdrawal

Facility Town of Wadesboro WTP Sub‐basin Downstream Of Blewett Falls Lake (Nc)

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 1.15 1.30 1.75 1.32 1.28 1.44 1.36 1.65 1.72 1.62 1.05 1.20 1.40

2002 0.83 0.88 0.79 0.97 0.98 1.01 0.95 1.15 0.89 0.84 0.80 0.81 0.91

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 0.79 0.82 0.75 0.80 0.71 0.82 0.70 0.92 0.99 0.91 0.98 0.71 0.82

2008 0.79 0.82 0.75 0.80 0.71 0.82 0.70 0.92 0.99 0.92 0.98 0.71 0.82

2009 0.79 0.82 0.75 0.80 0.71 0.82 0.70 0.92 0.99 0.91 0.98 0.71 0.82

2010 0.70 0.70 0.75 0.75 0.75 0.78 0.80 0.80 0.82 0.80 0.80 0.72 0.76

2011 0.79 0.82 0.75 0.80 0.71 0.82 0.70 0.92 0.99 0.91 0.85 0.72 0.81

2012 0.79 0.82 0.75 0.80 0.71 0.82 0.70 0.92 0.99 0.91 0.85 0.72 0.81

Data Source: n/a

Customer Data

<Year> <Year> <Year> <Year>

Customer Type I II III I II III I II III I II III

Residential ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Commercial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Industrial ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Institutional ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Wholesale ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Other ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Unaccounted ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Notes:  I ‐ Number of customers; II ‐ Per capita flow (gpd/c); III ‐ Total Flow (mgd)

Data Source: <Source>; <Contact Person>; <Date>

Historical Data Summary Notes

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐



ID No. NWD‐93

(continued from previous page)

PROJECTIONS ANALYSIS

Projected Flowrates (mgd)

Customer Type

Year Residential Commercial Industrial Institutional Wholesale Other Unaccounted

Base ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.80 ‐‐

2015 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.80 ‐‐

2020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.81 ‐‐

2030 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.83 ‐‐

2040 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.86 ‐‐

2050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.88 ‐‐

2060 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.90 ‐‐

Applied AGR 2012‐2020: 0.25%

Applied AGR 2030‐2060: 0.25%

Analysis and Projections Notes

Both Applied AGR values shown above were set to 0.25% rather than the (lower) projected AGR value

for Anson County. This is to account for the higher growth expected in the service area compared

to the overall county average growth during those periods.

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient

2012 0.80 Jan 1.00

2015 0.80 Feb 0.96

2020 0.81 Mar 0.95

2030 0.83 Apr 0.95

2040 0.86 May 1.02

2050 0.88 Jun 1.07

2060 0.90 Jul 1.06

Aug 1.06

Sep 1.01

Oct 1.02

Nov 0.94

Dec 0.94

‐‐



Table of Contents for 

Industrial Projection Sheets

Page No. Basin ID No. Entity Facility
1 New IND Multiple N/A
2 NRH‐01 Allegheny Technologies, Inc ATI Allvac Monroe Plant
3 NRN‐02 Aluminum Company Of America Badin Works
4 NWW‐08a Blue Ridge Tissue Corp Patterson Mill
5 NRW‐08b Blue Ridge Tissue Corp Patterson Mill (return)
6 NRD‐92 Burlington Industries LLC Richmond Plant
7 NWD‐94a B.V. Hedrick Gravel And Sand Co. Hedrick Mine (Pump House ‐ 1)
8 NWD‐94b B.V. Hedrick Gravel And Sand Co. Hedrick Mine (Pump House ‐ 3)
9 NWD‐94c B.V. Hedrick Gravel And Sand Co. Hedrick Mine (Pump House ‐ 4)
10 NRB‐35a Hedrick Industries Aquadale Quarry
11 NWB‐35b Hedrick Industries Aquadale Quarry (Pump 1 ‐ Fresh Water Pond)
12 NWB‐35c Hedrick Industries Aquadale Quarry (Pump 2 ‐ Cement Pond)
13 NWH‐40a Louisiana Pacific Corporation Lousiana Pacific Corporation
14 NRH‐40b Louisiana Pacific Corporation LP Roaring River WWTP
15 NRH‐45 P P G Industries Fiber Glass Products, Inc PPG Industries Fiber Glass Products
16 NRH‐46a Performance Fibers, Inc Salisbury Facility
17 NWH‐46b Performance Fibers, Inc Salisbury Facility
18 NWB‐55 Teledyne Allvac Monroe Plant
19 NWB‐56 The Fork, LLC The Fork, LLC
20 NWH‐74a True Textiles, Inc True Elkin, Inc.
21 NRH‐74b True Textiles, Inc 304 East Main Street Plant

22 NRH‐75 Tyson Foods, Inc Harmony Plant

23 NRH‐78 Wayne Farms LLC Bruckie Ashburn Dobson Plant

24 NRB‐83 Carolina Stalite Company Carolina Stalite Company

25 NRH‐85 Norfolk Southern Railway Company Linwood Yard

Industrial Projections TOC



Source: 

New Future Industry

Basin Projected (MGD)

ID Name Base 2015 2020 2030 2040 2050 2060

NWW‐00 W. Kerr Scott Reservoir ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

NWH‐00 High Rock Lake ‐‐ ‐‐ 1.00 1.00 1.00 1.00 1.00

NWT‐00 Tuckertown Reservoir ‐‐ ‐‐ 0.50 0.50 0.50 0.50 0.50

NWN‐00 Narrows Reservoir (Badin Lake) ‐‐ ‐‐ 0.50 0.50 0.50 0.50 0.50

NWF‐00 Falls Reservoir ‐‐ ‐‐ 0.50 0.50 0.50 0.50 0.50

NWL‐00 Lake Tillery ‐‐ ‐‐ 1.00 1.00 1.00 1.00 1.00

NWB‐00 Blewett Falls Lake ‐‐ ‐‐ 1.00 1.00 1.00 1.00 1.00

NWD‐00 Downstream of Blewett Falls Lake Subbasin (NC) ‐‐ ‐‐ 1.00 1.00 1.00 1.00 1.00

Draft Projections 1 of 25 12/11/2014



ID No. NRH‐01 Category Industrial

Entity Allegheny Technologies, Inc Type Return

Facility ATI Allvac Monroe Plant Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.31  0.30 0.18 0.16 0.07 0.07 0.32 0.02 0.01 0.20 0.25 0.52 0.20

2002 0.20 0.09 0.09 0.12 0.14 0.06 0.18 0.12 0.12 0.16 0.14 0.19 0.13

2003 0.06 0.23 0.33 0.31 0.23 0.19 0.23 0.39 0.21 0.10 0.11 0.13 0.21

2004 0.06 0.17 0.24 0.20 0.12 0.26 0.16 0.16 0.46 0.08 0.05 0.07 0.17

2005 0.07 0.08 0.19 0.06 0.07 0.23 0.02 0.14 0.02 0.12 0.15 0.25 0.12

2006 0.09 0.10 0.09 0.05 0.10 0.46 0.05 0.15 0.09 0.09 0.36 0.18 0.15

2007 0.22 0.11 0.14 0.13 0.03 0.12 0.04 0.11 0.02 0.21 ND 0.13 0.12

2008 0.14 0.30 0.25 0.34 0.11 ND 0.07 0.24 0.12 0.08 0.15 0.16 0.18

2009 0.11 0.04 0.29 0.07 0.12 0.23 0.17 0.06 0.03 0.12 0.24 0.26 0.15

2010 0.24 0.31 0.19 0.01 0.10 0.21 0.20 0.05 0.06 0.05 0.16 0.10 0.14

2011 0.05 0.11 0.17 ND 0.18 0.16 0.05 0.16 0.14 0.15 0.15 0.15 0.13

2012 0.20 0.12 0.13 0.13 0.14 0.07 0.16 0.37 0.20 0.10 0.10 0.21 0.16

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

PROJECTIONS ANALYSIS

Industrial Sector Information

Industrial Sector ‐‐ State GSP 2.52% Applied AGR 0.00%

SIC Code ‐‐ Sector GSP ‐0.67%

NAICS Code ‐‐ Inflation ‐‐

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

Base 0.14 Jan 1.10 Jul 0.79

2015 0.14 Feb 1.12 Aug 1.15

2020 0.14 Mar 1.34 Sep 0.65

2030 0.14 Apr 0.93 Oct 0.81

2040 0.14 May 0.78 Nov 1.10

2050 0.14 Jun 1.10 Dec 1.16

2060 0.14

‐‐Fabricated Metal Product Manufacturing sector GSP value for North Carolina was negative, so an AGR of zero was applied to be conservative.

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



ID No. NRN‐02 Category Industrial

Entity Aluminum Company Of America Type Return

Facility Badin Works Sub‐basin Narrows Reservoir (Badin Lake)

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.59 0.45 0.45 0.50 0.43 0.48 0.83 0.55 0.52 0.60 0.69 0.72 0.57

2002 0.77 0.11 0.14 0.08 0.14 0.16 0.09 0.47 0.19 0.31 0.39 0.20 0.26

2003 0.15 0.31 0.42 0.34 0.52 0.20 0.24 0.40 0.24 0.09 0.60 0.10 0.30

2004 0.09 0.28 0.13 0.13 0.20 0.16 0.12 0.33 0.66 0.13 0.15 0.14 0.21

2005 0.33 0.15 0.94 0.18 0.09 0.21 0.25 0.09 0.07 0.21 0.26 0.40 0.27

2006 0.14 0.07 0.12 0.11 0.05 0.15 0.08 0.51 0.10 0.28 0.16 0.16 0.16

2007 0.35 0.11 0.10 0.13 0.05 0.12 0.05 0.10 0.09 0.33 0.02 0.01 0.12

2008 0.09 0.09 0.29 0.26 0.07 0.04 0.58 0.29 0.91 0.42 0.03 0.08 0.26

2009 0.31 0.04 0.37 0.23 0.15 0.12 0.25 0.03 0.41 0.35 0.61 0.20 0.26

2010 0.37 0.29 0.25 0.04 0.42 0.19 0.16 0.19 0.15 0.13 0.06 0.04 0.19

2011 0.06 0.17 0.35 0.24 0.11 0.08 0.13 0.08 0.06 0.12 0.08 0.24 0.14

2012 0.12 0.12 0.06 0.03 0.36 0.26 0.08 0.21 0.17 0.03 0.01 0.36 0.15

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

PROJECTIONS ANALYSIS

Industrial Sector Information

Industrial Sector ‐‐ State GSP 2.52% Applied AGR 0.00%

SIC Code ‐‐ Sector GSP ‐0.40%

NAICS Code ‐‐ Inflation ‐‐

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

Base 0.16 Jan 1.15 Jul 1.10

2015 0.16 Feb 0.72 Aug 0.79

2020 0.16 Mar 1.26 Sep 1.59

2030 0.16 Apr 0.83 Oct 1.23

2040 0.16 May 1.03 Nov 0.72

2050 0.16 Jun 0.72 Dec 0.83

2060 0.16

‐‐Primary Metal Manufacturing sector GSP value for North Carolina was negative, so an AGR of zero was applied to be conservative.

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



ID No. NWW‐08a Category Industrial

Entity Blue Ridge Tissue Corp Type Withdrawal

Facility Patterson Mill Sub‐basin W. Kerr Scott Reservoir

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 ND ND ND ND ND ND ND ND ND ND ND ND ND

2002 ND ND ND ND ND ND ND ND ND ND ND ND ND

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 ND ND ND ND ND ND ND ND ND ND ND ND ND

2008 0.20 0.14 0.12 0.15 0.19 0.14 0.11 0.17 0.06 0.05 0.09 0.05 0.12

2009 0.12 0.14 0.06 0.04 0.10 0.15 0.14 0.09 0.09 0.09 0.12 0.12 0.10

2010 0.11 0.15 0.17 0.16 0.15 0.19 0.22 0.27 0.18 0.09 0.25 0.23 0.18

2011 0.25 0.18 0.17 0.19 0.21 0.20 0.22 0.20 0.17 0.22 0.21 0.19 0.20

2012 0.19 0.19 0.23 0.21 0.16 0.16 0.17 0.21 0.18 0.20 0.21 0.19 0.19

Data Source: Water Withdrawal Registration Program database; Harold Brady at NCDENR‐DWR; received April 17, 2014 (file dated Feb 17, 2014)

PROJECTIONS ANALYSIS

Industrial Sector Information

Industrial Sector ‐‐ State GSP 2.52% Applied AGR 0.00%

SIC Code ‐‐ Sector GSP ‐2.67%

NAICS Code ‐‐ Inflation ‐‐

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

Base 0.19 Jan 1.10 Jul 1.05

2015 0.19 Feb 1.00 Aug 1.18

2020 0.19 Mar 0.93 Sep 0.85

2030 0.19 Apr 0.94 Oct 0.83

2040 0.19 May 1.01 Nov 1.09

2050 0.19 Jun 1.05 Dec 0.97

2060 0.19

‐‐Paper Manufacturing sector GSP value for North Carolina was negative, so an AGR of zero was applied to be conservative.

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



ID No. NRW‐08b Category Industrial

Entity Blue Ridge Tissue Corp Type Return

Facility Patterson Mill (return) Sub‐basin W. Kerr Scott Reservoir

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.17 0.23 0.11 0.08 0.09 0.09 0.13 0.09 0.10 0.12 0.06 0.06 0.11

2002 0.24 0.26 0.23 0.22 0.23 0.22 0.23 0.23 0.23 0.25 0.24 0.22 0.23

2003 0.23 0.24 0.22 0.13 0.19 0.18 0.18 0.18 0.08 0.16 0.14 0.15 0.17

2004 0.16 0.16 0.18 0.73 0.16 0.19 0.17 0.17 0.17 0.16 0.15 0.17 0.21

2005 0.18 0.19 0.17 0.18 0.18 0.19 0.18 0.17 0.17 0.18 0.17 0.17 0.18

2006 0.18 0.11 0.22 0.20 0.20 0.20 0.16 0.18 0.16 0.22 0.20 0.15 0.18

2007 0.19 0.19 0.17 0.19 0.15 0.20 0.22 0.24 0.23 0.19 0.17 0.19 0.19

2008 0.22 0.17 0.14 0.18 0.22 0.16 0.16 0.21 0.14 0.09 0.08 0.08 0.15

2009 0.14 0.15 0.08 0.08 0.13 0.18 0.17 0.13 0.13 0.13 0.16 0.15 0.14

2010 0.14 0.18 0.22 0.21 0.17 0.23 0.26 0.34 0.25 0.10 0.25 0.31 0.22

2011 0.32 0.22 0.22 0.23 0.26 0.24 0.25 0.20 0.18 0.21 0.20 0.17 0.22

2012 0.19 0.18 0.23 0.22 0.13 0.18 0.20 0.21 0.24 0.21 0.18 0.19 0.20

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

PROJECTIONS ANALYSIS

Industrial Sector Information

Industrial Sector ‐‐ State GSP 2.52% Applied AGR 0.00%

SIC Code ‐‐ Sector GSP ‐2.67%

NAICS Code ‐‐ Inflation ‐‐

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

Base 0.21 Jan 1.07 Jul 1.12

2015 0.21 Feb 0.97 Aug 1.18

2020 0.21 Mar 0.94 Sep 1.03

2030 0.21 Apr 0.99 Oct 0.82

2040 0.21 May 0.94 Nov 0.91

2050 0.21 Jun 1.05 Dec 0.97

2060 0.21

‐‐Paper Manufacturing sector GSP value for North Carolina was negative, so an AGR of zero was applied to be conservative.

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



ID No. NRB‐35a Category Industrial

Entity Hedrick Industries Type Return

Facility Aquadale Quarry Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 ND ND ND ND ND ND 1.22 1.25 ND ND ND ND 1.24

2002 ND ND ND ND ND ND ND ND ND ND ND ND ND

2003 ND ND 2.16 1.94 ND 2.16 2.16 ND ND ND ND ND 2.11

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND 0.84 0.70 0.84 0.75 0.36 0.70

2007 0.50 0.46 0.50 0.49 0.24 0.31 0.19 0.06 0.02 0.01 0.05 0.37 0.27

2008 0.44 0.51 0.59 0.41 0.29 0.16 0.19 0.31 0.37 0.39 0.28 0.25 0.35

2009 0.29 0.29 0.27 0.25 0.18 0.11 0.28 0.23 0.13 0.34 0.47 0.37 0.27

2010 0.29 0.35 0.29 0.25 0.32 0.25 0.37 0.27 0.19 0.19 0.24 0.25 0.27

2011 0.23 0.31 0.28 0.39 0.30 0.29 0.23 0.33 0.29 0.32 0.33 0.33 0.30

2012 0.30 0.31 0.32 0.29 0.30 0.31 0.30 0.32 0.32 0.29 0.29 0.26 0.30

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

PROJECTIONS ANALYSIS

Industrial Sector Information

Industrial Sector ‐‐ State GSP 2.52% Applied AGR 0.00%

SIC Code ‐‐ Sector GSP ‐11.81%

NAICS Code ‐‐ Inflation ‐‐

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

Base 0.29 Jan 1.17 Jul 0.89

2015 0.29 Feb 1.27 Aug 0.86

2020 0.29 Mar 1.28 Sep 0.76

2030 0.29 Apr 1.19 Oct 0.87

2040 0.29 May 0.93 Nov 0.95

2050 0.29 Jun 0.81 Dec 1.05

2060 0.29

‐‐Mining (except oil and gas) sector GSP value for North Carolina was negative, so an AGR of zero was applied to be conservative.

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



ID No. NWB‐35b Category Industrial

Entity Hedrick Industries Type Withdrawal

Facility Aquadale Quarry (Pump 1 ‐ Fresh Water Pond) Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 ND ND ND ND ND ND ND ND ND ND ND ND ND

2002 ND ND ND ND ND ND ND ND ND ND ND ND ND

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 ND ND ND ND ND ND ND ND ND ND ND ND ND

2008 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39

2009 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25

2010 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30

2011 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39

2012 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47

Data Source: Water Withdrawal Registration Program database; Harold Brady at NCDENR‐DWR; received April 17, 2014 (file dated Feb 17, 2014)

PROJECTIONS ANALYSIS

Industrial Sector Information

Industrial Sector ‐‐ State GSP 2.52% Applied AGR 0.00%

SIC Code ‐‐ Sector GSP ‐11.81%

NAICS Code ‐‐ Inflation ‐‐

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

Base 0.39 Jan 1.00 Jul 1.00

2015 0.39 Feb 1.00 Aug 1.00

2020 0.39 Mar 1.00 Sep 1.00

2030 0.39 Apr 1.00 Oct 1.00

2040 0.39 May 1.00 Nov 1.00

2050 0.39 Jun 1.00 Dec 1.00

2060 0.39

‐‐Mining (except oil and gas) sector GSP value for North Carolina was negative, so an AGR of zero was applied to be conservative.

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



ID No. NWB‐35c Category Industrial

Entity Hedrick Industries Type Withdrawal

Facility Aquadale Quarry (Pump 2 ‐ Cement Pond) Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 ND ND ND ND ND ND ND ND ND ND ND ND ND

2002 ND ND ND ND ND ND ND ND ND ND ND ND ND

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 ND ND ND ND ND ND ND ND ND ND ND ND ND

2008 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09

2009 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05

2010 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07

2011 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08

2012 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10

Data Source: Water Withdrawal Registration Program database; Harold Brady at NCDENR‐DWR; received April 17, 2014 (file dated Feb 17, 2014)

PROJECTIONS ANALYSIS

Industrial Sector Information

Industrial Sector ‐‐ State GSP 2.52% Applied AGR 0.00%

SIC Code ‐‐ Sector GSP ‐11.81%

NAICS Code ‐‐ Inflation ‐‐

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

Base 0.08 Jan 1.00 Jul 1.00

2015 0.08 Feb 1.00 Aug 1.00

2020 0.08 Mar 1.00 Sep 1.00

2030 0.08 Apr 1.00 Oct 1.00

2040 0.08 May 1.00 Nov 1.00

2050 0.08 Jun 1.00 Dec 1.00

2060 0.08

‐‐Mining (except oil and gas) sector GSP value for North Carolina was negative, so an AGR of zero was applied to be conservative.

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



ID No. NWH‐40a Category Industrial

Entity Louisiana Pacific Corporation Type Withdrawal

Facility Lousiana Pacific Corporation Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 ND ND ND ND ND ND ND ND ND ND ND ND ND

2002 ND ND ND ND ND ND ND ND ND ND ND ND ND

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 1.30 1.40 1.30 1.40 1.40 1.50 1.60 1.60 1.50 1.50 1.50 1.40 1.45

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 1.80 1.90 1.30 1.80 1.20 1.10 1.00 1.20 1.70 1.50 1.00 1.30 1.40

2008 1.45 1.30 1.39 1.67 1.58 1.66 1.78 1.65 1.68 1.49 1.11 0.91 1.47

2009 1.18 0.92 0.70 0.73 0.60 0.59 0.95 1.51 1.83 1.78 1.55 1.52 1.16

2010 2.44 2.60 2.41 1.80 2.04 2.21 1.88 2.62 2.00 1.20 1.05 2.54 2.06

2011 2.31 2.46 2.63 2.79 2.56 2.83 2.70 2.88 2.60 1.85 1.62 2.16 2.45

2012 2.35 2.39 2.69 2.61 2.69 1.39 2.31 1.26 2.17 1.46 1.45 1.91 2.06

Data Source: Water Withdrawal Registration Program database; Harold Brady at NCDENR‐DWR; received April 17, 2014 (file dated Feb 17, 2014)

PROJECTIONS ANALYSIS

Industrial Sector Information

Industrial Sector ‐‐ State GSP 2.52% Applied AGR 0.00%

SIC Code ‐‐ Sector GSP ‐1.17%

NAICS Code ‐‐ Inflation ‐‐

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

Base 2.19 Jan 1.09 Jul 1.00

2015 2.19 Feb 1.09 Aug 1.05

2020 2.19 Mar 1.05 Sep 1.13

2030 2.19 Apr 1.08 Oct 0.88

2040 2.19 May 1.01 Nov 0.73

2050 2.19 Jun 0.92 Dec 0.97

2060 2.19

‐‐Wood Product Manufacturing sector GSP value for North Carolina was negative, so an AGR of zero was applied to be conservative.

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



ID No. NRH‐40b Category Industrial

Entity Louisiana Pacific Corporation Type Return

Facility LP Roaring River WWTP Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 1.00 0.99 0.98 0.93 0.97 0.91 0.83 0.73 0.80 0.83 0.81 0.75 0.88

2002 0.79 0.98 0.93 0.94 0.97 0.92 0.98 0.97 0.96 0.99 0.93 0.77 0.93

2003 0.88 0.96 0.96 0.98 0.89 0.96 0.97 0.79 0.61 0.69 0.85 0.85 0.86

2004 0.81 0.91 0.85 0.91 0.94 0.94 0.97 1.00 0.97 0.95 0.99 0.95 0.93

2005 1.07 1.20 1.22 1.34 1.47 1.44 1.49 1.43 1.32 1.38 1.37 0.81 1.30

2006 1.40 1.31 1.35 1.31 1.18 1.24 1.36 1.24 1.28 1.01 1.20 0.84 1.23

2007 1.33 1.37 0.80 1.33 1.15 1.13 1.33 1.21 1.23 1.29 1.17 1.31 1.22

2008 1.37 1.42 1.41 1.55 1.48 1.51 1.35 1.76 1.55 1.06 0.98 1.10 1.38

2009 1.49 1.60 1.27 1.41 1.10 1.14 1.63 1.55 1.52 1.26 0.75 0.93 1.30

2010 1.67 1.61 1.61 1.29 1.45 1.22 1.33 1.59 1.13 1.23 0.96 1.43 1.38

2011 1.52 1.50 1.44 1.47 1.08 1.00 1.08 1.40 1.11 1.13 0.98 0.82 1.21

2012 1.51 1.67 1.69 1.11 1.48 1.21 1.19 1.30 1.26 1.14 1.29 1.19 1.34

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

PROJECTIONS ANALYSIS

Industrial Sector Information

Industrial Sector ‐‐ State GSP 2.52% Applied AGR 0.00%

SIC Code ‐‐ Sector GSP ‐1.17%

NAICS Code ‐‐ Inflation ‐‐

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

Base 1.31 Jan 1.14 Jul 1.01

2015 1.31 Feb 1.17 Aug 1.13

2020 1.31 Mar 1.05 Sep 1.00

2030 1.31 Apr 1.04 Oct 0.91

2040 1.31 May 0.99 Nov 0.78

2050 1.31 Jun 0.92 Dec 0.87

2060 1.31

‐‐Wood Product Manufacturing sector GSP value for North Carolina was negative, so an AGR of zero was applied to be conservative.

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



ID No. NRH‐45 Category Industrial

Entity P P G Industries Fiber Glass Products, Inc Type Return

Facility PPG Industries Fiber Glass Products Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.37 0.37 0.38 0.41 0.40 0.40 0.43 0.44 0.41 0.35 0.34 0.36 0.39

2002 0.27 0.24 0.29 0.25 0.25 0.25 0.27 0.28 0.28 0.26 0.26 0.30 0.27

2003 0.32 0.32 0.31 0.33 0.36 0.31 0.32 0.32 0.32 0.30 0.31 0.30 0.32

2004 0.31 0.32 0.34 0.34 0.40 0.39 0.40 0.37 0.38 0.37 0.31 0.33 0.35

2005 0.36 0.36 0.38 0.38 0.37 0.41 0.43 0.37 0.33 0.29 0.21 0.26 0.35

2006 0.27 0.36 0.34 0.36 0.35 0.35 0.34 0.37 0.35 0.31 0.31 0.37 0.34

2007 0.38 0.36 0.41 0.36 0.36 0.35 0.35 0.41 0.41 0.36 0.35 0.38 0.37

2008 0.36 0.36 0.33 0.33 0.32 0.33 0.39 0.39 0.40 0.35 0.36 0.38 0.36

2009 0.36 0.36 0.36 0.39 0.31 0.34 0.23 0.27 0.23 0.21 0.21 0.24 0.29

2010 0.35 0.40 0.39 0.39 0.39 0.41 0.42 0.39 0.37 0.40 0.38 0.41 0.39

2011 0.43 0.44 0.44 0.44 0.44 0.41 0.45 0.44 0.42 0.42 0.49 0.50 0.44

2012 0.41 0.43 0.45 0.45 0.47 0.49 0.45 0.41 0.40 0.36 0.34 0.38 0.42

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

PROJECTIONS ANALYSIS

Industrial Sector Information

Industrial Sector ‐‐ State GSP 2.52% Applied AGR 0.00%

SIC Code ‐‐ Sector GSP ‐4.09%

NAICS Code ‐‐ Inflation ‐‐

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

Base 0.42 Jan 1.00 Jul 1.01

2015 0.42 Feb 1.03 Aug 1.01

2020 0.42 Mar 1.04 Sep 0.98

2030 0.42 Apr 1.03 Oct 0.93

2040 0.42 May 1.01 Nov 0.94

2050 0.42 Jun 1.03 Dec 1.00

2060 0.42

‐‐Non‐Metallic Mineral Product Manufacturing sector GSP value for North Carolina was negative, so an AGR of zero was applied to be conservative.

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



ID No. NRH‐46a Category Industrial

Entity Performance Fibers, Inc Type Return

Facility Salisbury Facility Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 1.60 1.65 1.70 1.64 1.54 1.53 1.62 1.45 1.45 1.59 1.51 1.54 1.57

2002 1.29 1.16 1.06 0.94 0.96 1.05 1.14 0.81 0.91 1.01 1.13 1.14 1.05

2003 1.00 1.12 1.13 1.22 0.99 1.01 0.82 1.05 1.21 0.96 0.92 1.08 1.04

2004 0.97 1.09 1.12 1.12 1.12 0.97 1.07 1.15 1.38 1.15 1.09 1.04 1.11

2005 0.83 0.89 0.90 0.75 0.72 0.97 0.79 0.87 0.70 0.63 0.69 0.73 0.79

2006 0.66 0.71 0.69 0.65 0.61 0.72 0.52 0.59 0.51 0.43 0.60 0.44 0.59

2007 0.48 0.40 0.51 0.43 0.41 0.44 0.46 0.43 0.44 0.49 0.40 0.47 0.45

2008 0.51 0.47 0.53 0.56 0.48 0.39 0.60 0.55 0.58 0.44 0.50 0.48 0.51

2009 0.34 0.37 0.57 0.42 0.42 0.58 0.33 0.38 0.38 0.35 0.57 0.48 0.43

2010 0.24 0.50 0.39 0.29 0.57 0.48 0.37 0.38 0.29 0.37 0.33 0.31 0.38

2011 0.33 0.35 0.40 0.38 0.41 0.37 0.60 0.44 0.53 0.39 0.48 0.39 0.42

2012 0.31 0.33 0.33 0.40 0.49 0.37 0.39 0.42 0.42 0.33 0.22 0.28 0.36

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

PROJECTIONS ANALYSIS

Industrial Sector Information

Industrial Sector ‐‐ State GSP 2.52% Applied AGR 0.00%

SIC Code ‐‐ Sector GSP ‐6.47%

NAICS Code ‐‐ Inflation ‐‐

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

Base 0.39 Jan 0.87 Jul 1.08

2015 0.39 Feb 0.96 Aug 1.02

2020 0.39 Mar 1.07 Sep 1.04

2030 0.39 Apr 0.97 Oct 0.93

2040 0.39 May 1.09 Nov 0.98

2050 0.39 Jun 1.03 Dec 0.95

2060 0.39

‐‐Textile Mills and Textile Product Mills sector GSP value for North Carolina was negative, so an AGR of zero was applied to be conservative.

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



ID No. NWH‐46b Category Industrial

Entity Performance Fibers, Inc Type Withdrawal

Facility Salisbury Facility Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 ND ND ND ND ND ND ND ND ND ND ND ND ND

2002 ND ND ND ND ND ND ND ND ND ND ND ND ND

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 ND ND ND ND ND ND ND ND ND ND ND ND ND

2008 0.66 0.62 0.74 0.82 0.90 0.97 0.86 0.86 0.72 0.60 0.67 0.51 0.74

2009 0.62 0.63 0.57 0.41 0.41 0.54 0.55 0.51 0.47 0.45 0.39 0.39 0.49

2010 0.40 0.41 0.43 0.34 0.29 0.31 0.53 0.54 0.52 0.42 0.44 0.34 0.41

2011 0.35 0.41 0.45 0.48 0.46 0.52 0.59 0.59 0.47 0.39 0.36 0.30 0.45

2012 0.35 0.37 0.41 0.42 0.43 0.46 0.58 0.48 0.46 0.36 0.29 0.27 0.41

Data Source: Water Withdrawal Registration Program database; Harold Brady at NCDENR‐DWR; received April 17, 2014 (file dated Feb 17, 2014)

PROJECTIONS ANALYSIS

Industrial Sector Information

Industrial Sector ‐‐ State GSP 2.52% Applied AGR 0.00%

SIC Code ‐‐ Sector GSP ‐6.47%

NAICS Code ‐‐ Inflation ‐‐

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

Base 0.42 Jan 0.95 Jul 1.24

2015 0.42 Feb 0.97 Aug 1.19

2020 0.42 Mar 1.04 Sep 1.06

2030 0.42 Apr 0.99 Oct 0.88

2040 0.42 May 0.99 Nov 0.86

2050 0.42 Jun 1.11 Dec 0.72

2060 0.42

‐‐Textile Mills and Textile Product Mills sector GSP value for North Carolina was negative, so an AGR of zero was applied to be conservative.

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



ID No. NWB‐55 Category Industrial

Entity Teledyne Allvac Type Withdrawal

Facility Monroe Plant Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 ND ND ND ND ND ND ND ND ND ND ND ND ND

2002 ND ND ND ND ND ND ND ND ND ND ND ND ND

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 ND ND ND ND ND ND ND ND ND ND ND ND ND

2008 ND ND ND ND ND ND ND ND ND ND ND ND ND

2009 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00

2010 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00

2011 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00

2012 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00

Data Source: Water Withdrawal Registration Program database; Harold Brady at NCDENR‐DWR; received April 17, 2014 (file dated Feb 17, 2014)

PROJECTIONS ANALYSIS

Industrial Sector Information

Industrial Sector ‐‐ State GSP 2.52% Applied AGR 0.00%

SIC Code ‐‐ Sector GSP ‐0.40%

NAICS Code ‐‐ Inflation ‐‐

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

Base 2.00 Jan 1.00 Jul 1.00

2015 2.00 Feb 1.00 Aug 1.00

2020 2.00 Mar 1.00 Sep 1.00

2030 2.00 Apr 1.00 Oct 1.00

2040 2.00 May 1.00 Nov 1.00

2050 2.00 Jun 1.00 Dec 1.00

2060 2.00

‐‐Primary Metal Manufacturing sector GSP value for North Carolina was negative, so an AGR of zero was applied to be conservative.

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



ID No. NWB‐56 Category Industrial

Entity The Fork, LLC Type Withdrawal

Facility The Fork, LLC Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 ND ND ND ND ND ND ND ND ND ND ND ND ND

2002 ND ND ND ND ND ND ND ND ND ND ND ND ND

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.80 1.80 ‐‐ 0.30

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.80 1.80 ‐‐ 0.30

2008 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.80 1.80 ‐‐ 0.30

2009 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.80 1.80 ‐‐ 0.30

2010 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.80 1.80 ‐‐ 0.30

2011 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.80 1.80 ‐‐ 0.30

2012 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 1.80 1.80 ‐‐ 0.30

Data Source: Water Withdrawal Registration Program database; Harold Brady at NCDENR‐DWR; received April 17, 2014 (file dated Feb 17, 2014)

PROJECTIONS ANALYSIS

Industrial Sector Information

Industrial Sector ‐‐ State GSP 2.52% Applied AGR 0.00%

SIC Code ‐‐ Sector GSP ‐2.02%

NAICS Code ‐‐ Inflation ‐‐

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

Base 0.30 Jan ‐‐ Jul ‐‐

2015 0.30 Feb ‐‐ Aug ‐‐

2020 0.30 Mar ‐‐ Sep ‐‐

2030 0.30 Apr ‐‐ Oct 5.99

2040 0.30 May ‐‐ Nov 5.99

2050 0.30 Jun ‐‐ Dec ‐‐

2060 0.30

‐‐Agriculture, Forestry, Fishing, and Hunting sector GSP value for North Carolina was negative, so an AGR of zero was applied to be conservative.

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



ID No. NWH‐74a Category Industrial

Entity True Textiles, Inc Type Withdrawal

Facility True Elkin, Inc. Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 ND ND ND ND ND ND ND ND ND ND ND ND ND

2002 ND ND ND ND ND ND ND ND ND ND ND ND ND

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 1.31 0.80 0.93 0.92 1.01 0.98 0.90 1.16 1.21 1.10 1.20 1.00 1.04

2008 0.79 0.83 0.67 0.70 0.77 0.83 0.91 0.82 0.87 0.91 0.77 0.82 0.81

2009 0.74 0.56 0.50 0.53 0.43 0.48 0.48 0.40 0.33 0.22 0.20 0.16 0.42

2010 0.23 0.16 0.16 0.16 0.14 0.14 0.18 0.17 0.15 0.12 0.10 0.31 0.17

2011 0.12 0.11 0.12 0.14 0.14 0.16 0.14 0.18 0.14 0.14 0.13 0.15 0.14

2012 0.17 0.16 0.19 0.18 0.19 0.16 0.16 0.17 0.13 0.15 0.13 0.15 0.16

Data Source: Water Withdrawal Registration Program database; Harold Brady at NCDENR‐DWR; received April 17, 2014 (file dated Feb 17, 2014)

PROJECTIONS ANALYSIS

Industrial Sector Information

Industrial Sector ‐‐ State GSP 2.52% Applied AGR 0.00%

SIC Code ‐‐ Sector GSP ‐6.47%

NAICS Code ‐‐ Inflation ‐‐

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

Base 0.16 Jan 1.23 Jul 1.01

2015 0.16 Feb 0.95 Aug 1.05

2020 0.16 Mar 0.94 Sep 1.03

2030 0.16 Apr 0.96 Oct 0.96

2040 0.16 May 0.97 Nov 0.92

2050 0.16 Jun 1.00 Dec 0.95

2060 0.16

‐‐Textile Mills and Textile Product Mills sector GSP value for North Carolina was negative, so an AGR of zero was applied to be conservative.

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



ID No. NRH‐74b Category Industrial

Entity True Textiles, Inc Type Return

Facility 304 East Main Street Plant Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 1.07 1.32 1.74 1.30 1.83 2.48 2.25 2.40 1.44 1.24 0.80 0.74 1.55

2002 0.53 0.60 0.59 0.63 0.75 0.93 0.92 0.90 0.71 0.77 0.76 0.68 0.73

2003 0.83 0.79 0.82 0.86 0.97 1.08 1.21 1.08 0.89 1.11 0.99 0.97 0.97

2004 0.77 0.83 0.94 0.89 1.01 1.31 1.06 0.96 1.02 0.96 1.09 1.06 0.99

2005 1.08 1.03 0.97 0.85 0.88 1.08 1.09 1.38 1.32 1.49 1.28 1.05 1.12

2006 0.80 0.77 0.94 0.84 0.87 1.06 1.19 1.38 1.41 1.26 1.31 1.15 1.08

2007 1.29 0.84 0.93 0.89 0.87 0.88 0.79 0.83 0.78 0.79 0.73 0.67 0.86

2008 0.61 0.55 0.42 0.48 0.50 0.63 0.66 0.57 0.56 0.47 0.35 0.43 0.52

2009 0.46 0.31 0.31 0.32 0.28 0.30 0.33 0.26 0.17 0.10 0.11 0.13 0.26

2010 0.13 0.09 0.07 0.06 0.07 0.08 0.11 0.11 0.08 0.08 0.06 0.18 0.09

2011 0.07 0.07 0.08 0.08 0.10 0.09 0.08 0.08 0.09 0.09 0.07 0.08 0.08

2012 0.07 0.06 0.10 0.07 0.11 0.09 0.09 0.11 0.07 0.07 0.07 0.07 0.08

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

PROJECTIONS ANALYSIS

Industrial Sector Information

Industrial Sector ‐‐ State GSP 2.52% Applied AGR 0.00%

SIC Code ‐‐ Sector GSP ‐6.47%

NAICS Code ‐‐ Inflation ‐‐

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

Base 0.09 Jan 1.39 Jul 1.08

2015 0.09 Feb 1.02 Aug 1.04

2020 0.09 Mar 1.01 Sep 0.93

2030 0.09 Apr 1.01 Oct 0.84

2040 0.09 May 1.02 Nov 0.74

2050 0.09 Jun 1.10 Dec 0.83

2060 0.09

‐‐Textile Mills and Textile Product Mills sector GSP value for North Carolina was negative, so an AGR of zero was applied to be conservative.

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



ID No. NRH‐75 Category Industrial

Entity Tyson Foods, Inc Type Return

Facility Harmony Plant Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.19 0.20 0.20 0.21 0.21 0.21 0.21 0.18 0.20 0.22 0.20 0.19 0.20

2002 0.19 0.15 0.17 0.20 0.23 0.20 0.18 0.12 0.18 0.13 0.12 0.15 0.17

2003 0.18 0.22 0.22 0.24 0.32 0.25 0.18 0.23 0.12 0.13 0.13 0.17 0.20

2004 0.14 0.16 0.20 0.18 0.16 0.15 0.14 0.19 0.16 0.18 0.17 0.15 0.17

2005 0.16 0.21 0.23 0.22 0.19 0.19 0.16 0.15 0.12 0.13 0.15 0.17 0.17

2006 0.20 0.18 0.13 0.10 0.12 0.16 0.17 0.13 0.14 0.13 0.19 0.18 0.15

2007 0.17 0.13 0.15 0.15 0.15 0.11 0.13 0.13 0.12 0.15 0.19 0.18 0.15

2008 0.16 0.16 0.14 0.14 0.18 0.17 0.15 0.16 0.18 0.17 0.15 0.18 0.16

2009 0.19 0.17 0.19 0.14 0.14 0.17 0.14 0.15 0.19 0.19 0.21 0.20 0.17

2010 0.19 0.19 0.15 0.16 0.16 0.14 0.18 0.12 0.15 0.14 0.18 0.16 0.16

2011 0.20 0.21 0.17 0.13 0.18 0.15 0.12 0.14 0.14 0.14 0.14 0.10 0.15

2012 0.14 0.15 0.12 0.10 0.13 0.13 0.14 0.14 0.16 0.17 0.13 0.14 0.14

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

PROJECTIONS ANALYSIS

Industrial Sector Information

Industrial Sector ‐‐ State GSP 2.52% Applied AGR 1.17%

SIC Code ‐‐ Sector GSP 1.17%

NAICS Code ‐‐ Inflation ‐‐

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

Base 0.15 Jan 1.13 Jul 0.92

2015 0.16 Feb 1.09 Aug 0.89

2020 0.16 Mar 0.99 Sep 1.01

2030 0.18 Apr 0.87 Oct 1.04

2040 0.21 May 1.01 Nov 1.08

2050 0.23 Jun 0.94 Dec 1.02

2060 0.26

‐‐Food and Beverage and Tobacco Product Manufacturing sector GSP for North Carolina was applied.

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



ID No. NRH‐78 Category Industrial

Entity Wayne Farms LLC Bruckie Ashburn Type Return

Facility Dobson Plant Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.52 0.48 0.45 0.50 0.49 0.50 0.49 0.45 0.43 0.40 0.34 0.46 0.46

2002 0.48 0.50 0.51 0.60 0.55 0.59 0.59 0.60 0.59 0.58 0.54 0.50 0.55

2003 0.56 0.54 0.55 0.50 0.50 0.54 0.55 0.60 0.60 0.56 0.55 0.49 0.54

2004 0.61 0.57 0.55 0.63 0.47 0.43 0.34 0.37 0.39 0.42 0.39 0.35 0.46

2005 0.40 0.42 0.41 0.46 0.43 0.43 0.42 0.39 0.38 0.39 0.37 0.39 0.41

2006 0.41 0.40 0.41 0.44 0.42 0.46 0.43 0.43 0.40 0.43 0.42 0.37 0.42

2007 0.40 0.38 0.39 0.38 0.40 0.42 0.44 0.45 0.42 0.46 0.43 0.43 0.42

2008 0.40 0.23 0.29 0.41 0.33 0.23 0.34 0.39 0.37 0.37 0.35 0.27 0.33

2009 0.32 0.27 0.31 0.34 0.37 0.37 0.37 0.37 0.35 0.35 0.33 0.31 0.34

2010 0.33 0.31 0.34 0.32 0.37 0.39 0.40 0.41 0.42 0.38 0.36 0.35 0.37

2011 0.34 0.37 0.40 0.40 0.41 0.41 0.44 0.41 0.45 0.40 0.37 0.40 0.40

2012 0.36 0.35 0.38 0.38 0.45 0.43 0.41 0.48 0.44 0.39 0.40 0.41 0.41

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

PROJECTIONS ANALYSIS

Industrial Sector Information

Industrial Sector ‐‐ State GSP 2.52% Applied AGR 0.00%

SIC Code ‐‐ Sector GSP ‐3.49%

NAICS Code ‐‐ Inflation ‐‐

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

Base 0.39 Jan 0.96 Jul 1.06

2015 0.39 Feb 0.84 Aug 1.11

2020 0.39 Mar 0.93 Sep 1.08

2030 0.39 Apr 0.99 Oct 1.04

2040 0.39 May 1.03 Nov 0.99

2050 0.39 Jun 1.00 Dec 0.96

2060 0.39

‐‐Crop and Animal Production (Farms) sector GSP value for North Carolina was negative, so an AGR of zero was applied to be conservative.

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



ID No. NRB‐83 Category Industrial

Entity Carolina Stalite Company Type Return

Facility Carolina Stalite Company Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.90 1.06 0.99 0.98 0.97 0.33 0.30 0.37 1.55 0.97 0.73 0.75 0.82

2002 0.24 0.89 0.98 0.21 1.05 ND 0.21 0.29 0.43 0.34 0.44 0.30 0.49

2003 0.26 0.31 0.60 0.66 0.62 0.75 0.53 0.35 0.35 0.18 0.35 0.40 0.45

2004 0.30 0.57 ND 0.56 0.46 0.05 0.45 0.11 1.59 0.80 0.97 0.90 0.61

2005 0.51 0.82 0.83 0.63 0.29 0.51 0.53 0.77 0.32 0.64 0.40 1.13 0.61

2006 0.77 0.48 0.56 0.56 ND 0.92 0.18 0.27 0.35 0.26 0.31 0.40 0.46

2007 1.26 0.71 0.46 1.26 0.40 0.40 0.18 0.19 0.21 0.06 0.50 0.08 0.47

2008 0.08 0.08 0.11 0.29 0.30 0.11 0.06 0.05 0.26 0.30 0.21 0.35 0.18

2009 0.44 0.24 0.26 0.30 0.09 0.05 0.08 0.09 0.08 0.14 0.14 0.14 0.17

2010 0.18 0.21 0.21 0.21 0.21 0.21 0.14 0.11 0.08 0.08 0.08 0.07 0.15

2011 0.08 0.08 0.14 0.08 0.27 0.08 0.08 0.10 0.11 0.27 0.20 0.15 0.14

2012 0.16 0.14 0.08 0.08 0.09 0.08 0.09 0.12 ND 0.08 0.07 ND 0.10

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

PROJECTIONS ANALYSIS

Industrial Sector Information

Industrial Sector ‐‐ State GSP 2.52% Applied AGR 0.00%

SIC Code ‐‐ Sector GSP ‐11.81%

NAICS Code ‐‐ Inflation ‐‐

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

Base 0.13 Jan 1.82 Jul 0.51

2015 0.13 Feb 1.20 Aug 0.54

2020 0.13 Mar 1.04 Sep 0.73

2030 0.13 Apr 1.84 Oct 0.76

2040 0.13 May 1.13 Nov 1.00

2050 0.13 Jun 0.76 Dec 0.79

2060 0.13

‐‐Mining (except oil and gas) sector GSP value for North Carolina was negative, so an AGR of zero was applied to be conservative.

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



ID No. NRH‐85 Category Industrial

Entity Norfolk Southern Railway Company Type Return

Facility Linwood Yard Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.10 0.07 0.08 0.07 0.05 0.07 0.08 0.01 0.04 0.04 0.10 0.11 0.07

2002 0.14 0.07 0.08 0.01 0.01 0.00 0.02 ND 0.33 0.13 0.23 0.20 0.11

2003 0.15 0.23 0.17 0.21 0.18 0.22 0.16 0.20 0.22 0.10 0.20 0.21 0.19

2004 0.17 0.15 0.13 0.14 0.17 0.14 0.19 0.19 0.23 0.22 ND 0.20 0.18

2005 0.19 0.18 0.15 0.19 0.02 0.06 0.06 0.06 0.10 0.03 0.06 0.09 0.10

2006 0.03 0.05 ND ND 0.22 0.16 0.21 0.14 0.21 0.16 0.20 ND 0.15

2007 0.21 0.11 0.18 0.20 ND 0.23 ND ND ND 0.15 0.21 ND 0.18

2008 0.26 0.26 0.23 0.23 0.21 ND 0.20 0.31 0.26 0.22 0.21 0.30 0.24

2009 0.20 0.27 0.21 0.28 ND 0.19 ND 0.26 ND 0.16 0.22 0.27 0.23

2010 0.28 0.26 0.23 ND 0.28 0.21 0.23 0.26 ND 0.24 0.18 0.15 0.23

2011 0.26 0.29 0.23 0.28 0.31 0.16 0.24 ND 0.31 0.26 0.27 0.23 0.26

2012 ND 0.20 0.23 ND 0.29 0.24 ND 0.28 ND 0.21 ND ND 0.24

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

PROJECTIONS ANALYSIS

Industrial Sector Information

Industrial Sector ‐‐ State GSP 2.52% Applied AGR 0.00%

SIC Code ‐‐ Sector GSP ‐0.58%

NAICS Code ‐‐ Inflation ‐‐

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

Base 0.24 Jan 1.05 Jul 0.97

2015 0.24 Feb 1.00 Aug 1.21

2020 0.24 Mar 0.94 Sep 1.22

2030 0.24 Apr 1.06 Oct 0.89

2040 0.24 May 1.18 Nov 0.93

2050 0.24 Jun 0.89 Dec 1.02

2060 0.24

‐‐Rail Transportation sector GSP value for North Carolina was negative, so an AGR of zero was applied to be conservative.

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



ID No. NRD‐92 Category Industrial

Entity Burlington Industries LLC Type Return

Facility Richmond Plant Sub‐basin Downstream Of Blewett Falls Lake (Nc)

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 0.52 0.50 0.57 0.53 0.56 0.53 0.50 0.62 0.58 0.59 0.58 0.43 0.54

2002 0.43 0.57 0.55 0.54 0.42 0.40 0.44 0.50 0.64 0.60 0.50 0.34 0.50

2003 0.43 0.52 0.48 0.45 0.42 0.41 0.44 0.46 0.51 0.59 0.47 0.35 0.46

2004 0.40 0.38 0.47 0.43 0.46 0.43 0.44 0.46 0.47 0.49 0.38 0.27 0.42

2005 0.39 0.45 0.50 0.47 0.50 0.59 0.49 0.57 0.54 0.48 0.43 0.39 0.48

2006 0.37 0.48 0.53 0.51 0.51 0.51 0.32 0.38 0.36 0.30 0.31 0.29 0.40

2007 0.36 0.35 0.36 0.35 0.39 0.37 0.25 0.36 0.38 0.32 0.28 0.25 0.33

2008 0.24 0.26 0.26 0.33 0.32 0.31 0.25 0.28 0.24 0.23 0.19 0.13 0.25

2009 0.21 0.20 0.21 0.24 0.23 0.27 0.21 0.33 0.26 0.23 0.26 0.21 0.24

2010 0.19 0.23 0.29 0.30 0.37 0.34 0.28 0.32 0.29 0.21 0.20 0.14 0.26

2011 0.19 0.29 0.25 0.28 0.32 0.28 0.23 0.34 0.23 0.23 0.25 0.18 0.26

2012 0.22 0.22 0.20 0.22 0.27 0.27 0.26 0.29 0.29 0.24 0.20 0.16 0.24

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

PROJECTIONS ANALYSIS

Industrial Sector Information

Industrial Sector ‐‐ State GSP 2.52% Applied AGR 0.00%

SIC Code ‐‐ Sector GSP ‐6.47%

NAICS Code ‐‐ Inflation ‐‐

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

Base 0.25 Jan 0.89 Jul 0.95

2015 0.25 Feb 0.98 Aug 1.22

2020 0.25 Mar 0.99 Sep 1.07

2030 0.25 Apr 1.08 Oct 0.92

2040 0.25 May 1.20 Nov 0.87

2050 0.25 Jun 1.16 Dec 0.67

2060 0.25

‐‐Textile sector GSP value for North Carolina was negative, so an AGR of zero was applied to be conservative.

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



ID No. NWD‐94a Category Industrial

Entity B.V. Hedrick Gravel And Sand Co. Type Withdrawal

Facility Hedrick Mine (Pump House ‐ 1) Sub‐basin Downstream Of Blewett Falls Lake (Nc)

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 ND ND ND ND ND ND ND ND ND ND ND ND ND

2002 ND ND ND ND ND ND ND ND ND ND ND ND ND

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 0.09 0.09 0.11 0.11 0.11 0.24 0.24 0.24 0.16 0.11 0.10 0.09 0.14

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 ND ND ND ND ND ND ND ND ND ND ND ND ND

2008 1.75 1.75 1.75 1.75 1.75 1.75 1.75 1.75 1.75 1.68 1.75 1.75 1.74

2009 2.11 2.11 2.11 2.11 2.11 2.11 2.11 2.11 2.11 2.11 2.11 2.11 2.11

2010 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08

2011 1.84 1.84 1.84 1.84 1.84 1.84 1.84 1.84 1.84 1.84 1.84 1.84 1.84

2012 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

PROJECTIONS ANALYSIS

Industrial Sector Information

Industrial Sector ‐‐ State GSP 2.52% Applied AGR 0.00%

SIC Code ‐‐ Sector GSP ‐11.81%

NAICS Code ‐‐ Inflation ‐‐

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

Base 1.44 Jan 1.00 Jul 1.00

2015 1.44 Feb 1.00 Aug 1.00

2020 1.44 Mar 1.00 Sep 1.00

2030 1.44 Apr 1.00 Oct 0.99

2040 1.44 May 1.00 Nov 1.00

2050 1.44 Jun 1.00 Dec 1.00

2060 1.44

‐‐Mining sector GSP value for North Carolina was negative, so an AGR of zero was applied to be conservative.

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



ID No. NWD‐94b Category Industrial

Entity B.V. Hedrick Gravel And Sand Co. Type Withdrawal

Facility Hedrick Mine (Pump House ‐ 3) Sub‐basin Downstream Of Blewett Falls Lake (Nc)

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 ND ND ND ND ND ND ND ND ND ND ND ND ND

2002 ND ND ND ND ND ND ND ND ND ND ND ND ND

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 0.09 0.09 0.11 0.11 0.11 0.24 0.24 0.24 0.16 0.11 0.10 0.09 0.14

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 ND ND ND ND ND ND ND ND ND ND ND ND ND

2008 1.72 1.72 1.72 1.72 1.72 1.72 1.72 1.72 1.72 1.65 1.72 1.72 1.71

2009 2.07 2.07 2.07 2.07 2.07 2.07 2.07 2.07 2.07 2.07 2.07 2.07 2.07

2010 2.04 2.04 2.04 2.04 2.04 2.04 2.04 2.04 2.04 2.04 2.04 2.04 2.04

2011 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80

2012 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

PROJECTIONS ANALYSIS

Industrial Sector Information

Industrial Sector ‐‐ State GSP 2.52% Applied AGR 0.00%

SIC Code ‐‐ Sector GSP ‐11.81%

NAICS Code ‐‐ Inflation ‐‐

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

Base 1.41 Jan 1.00 Jul 1.00

2015 1.41 Feb 1.00 Aug 1.00

2020 1.41 Mar 1.00 Sep 1.00

2030 1.41 Apr 1.00 Oct 0.99

2040 1.41 May 1.00 Nov 1.00

2050 1.41 Jun 1.00 Dec 1.00

2060 1.41

‐‐Mining sector GSP value for North Carolina was negative, so an AGR of zero was applied to be conservative.

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.



ID No. NWD‐94c Category Industrial

Entity B.V. Hedrick Gravel And Sand Co. Type Withdrawal

Facility Hedrick Mine (Pump House ‐ 4) Sub‐basin Downstream Of Blewett Falls Lake (Nc)

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 ND ND ND ND ND ND ND ND ND ND ND ND ND

2002 ND ND ND ND ND ND ND ND ND ND ND ND ND

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 0.09 0.09 0.11 0.11 0.11 0.24 0.24 0.24 0.16 0.11 0.10 0.09 0.14

2005 ND ND ND ND ND ND ND ND ND ND ND ND ND

2006 ND ND ND ND ND ND ND ND ND ND ND ND ND

2007 ND ND ND ND ND ND ND ND ND ND ND ND ND

2008 1.75 1.75 1.75 1.75 1.75 1.75 1.75 1.75 1.75 1.68 1.75 1.75 1.74

2009 2.11 2.11 2.11 2.11 2.11 2.11 2.11 2.11 2.11 2.11 2.11 2.11 2.11

2010 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08

2011 1.84 1.84 1.84 1.84 1.84 1.84 1.84 1.84 1.84 1.84 1.84 1.84 1.84

2012 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39

Data Source: NPDES database; Jennifer Smith at NCDENR‐DWR; received April 22, 2014

PROJECTIONS ANALYSIS

Industrial Sector Information

Industrial Sector ‐‐ State GSP 2.52% Applied AGR 0.00%

SIC Code ‐‐ Sector GSP ‐11.81%

NAICS Code ‐‐ Inflation ‐‐

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

Base 1.44 Jan 1.00 Jul 1.00

2015 1.44 Feb 1.00 Aug 1.00

2020 1.44 Mar 1.00 Sep 1.00

2030 1.44 Apr 1.00 Oct 0.99

2040 1.44 May 1.00 Nov 1.00

2050 1.44 Jun 1.00 Dec 1.00

2060 1.44

‐‐Mining sector GSP value for North Carolina was negative, so an AGR of zero was applied to be conservative.

‐‐

‐‐

‐‐

Base Year's projected flowrate is based on 2010‐2012 Average.
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Agriculture/Irrigation (Crop, Livestock, and Golf Course) Rollup Summary

Historical (MGD) Projected (MGD)

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 Base 2015 2020 2030 2040 2050 2060

2.51 2.51 2.51 2.51 2.51 2.51 2.51 2.51 2.51 2.51 2.51 2.51 2.51 2.51 2.51 2.51 2.51 2.51 2.51 2.51

23.60 23.60 23.60 23.60 23.60 23.60 23.60 23.60 23.60 23.60 23.60 23.60 23.60 23.60 23.60 23.60 23.60 23.60 23.60 23.60

0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49

0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23

0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

2.80 2.80 2.80 2.80 2.80 2.80 2.80 2.80 2.80 2.80 2.80 2.80 2.80 2.80 2.80 2.80 2.80 2.80 2.80 2.80

11.52 11.52 11.52 11.52 11.52 11.52 11.52 11.52 11.52 11.52 11.52 11.52 11.52 11.52 11.52 11.52 11.52 11.52 11.52 11.52

1.99 1.99 1.99 1.99 1.99 1.99 1.99 1.99 1.99 1.99 1.99 1.99 1.99 1.99 1.99 1.99 1.99 1.99 1.99 1.99

Monthly Coefficients

Month Coefficient

Annual 1.00

Jan 0.04

Feb 0.07

Mar 0.25

Apr 0.65

May 1.27

Jun 2.32

Jul 2.88

Aug 2.38

Sep 1.39

Oct 0.54

Nov 0.14

Dec 0.05

Annual 1.00 <‐‐ for use in Monthly Summary worksheet

Draft Projections 1 of 47 12/11/2014
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New Future Power

Basin Projected (MGD)

ID Facility Name Category Base 2015 2020 2030 2040 2050 2060

NNH‐30a Buck Steam Station High Rock Lake TEP ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

NNH‐30b Buck Combined Cycle Station High Rock Lake TEP 0.25 2.49 2.49 2.49 2.49 2.49 2.49

NNB‐30c Smith Energy Complex Blewett Falls Lake TEP 4.18 6.00 6.00 6.00 6.00 6.00 6.00

NNH‐30d Additional Combined Cycle Station #1 High Rock Lake TEP ‐‐ ‐‐ 2.49 2.49 2.49 2.49 2.49

NNH‐30e Additional Combined Cycle Station #2 High Rock Lake TEP ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2.49 2.49

NNH‐30f Additional Nuclear Plant #1 Blewett Falls Lake TEP ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 32.16 32.16

NNH‐30g Additional Nuclear Plant #2 Lake Tillery TEP ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 32.16 32.16

Draft Projections 1 of 8 12/11/2014



ID No. NNH‐30a Category Power

Entity Duke Energy Carolinas, LLC Type Net Withdrawal

Facility Buck Steam Station Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 1.14 1.70 1.64 1.95 1.58 2.21 2.58 2.34 1.76 1.30 1.58 1.39 1.76

2002 1.14 1.70 1.64 1.95 1.58 2.21 2.58 2.34 1.76 1.30 1.58 1.39 1.76

2003 1.14 1.70 1.64 1.95 1.58 2.21 2.58 2.34 1.76 1.30 1.58 1.39 1.76

2004 1.14 1.70 1.64 1.95 1.58 2.21 2.58 2.34 1.76 1.30 1.58 1.39 1.76

2005 1.14 1.64 1.70 1.73 1.52 1.83 2.50 3.04 2.75 1.67 0.64 1.88 1.84

2006 0.36 1.70 2.00 2.43 0.46 2.54 2.72 2.70 0.98 1.27 2.49 0.97 1.72

2007 0.76 2.34 1.46 1.87 2.26 2.22 2.79 1.89 2.26 2.07 2.65 1.86 2.03

2008 2.31 1.12 1.38 1.77 2.07 2.25 2.29 1.71 1.04 0.18 0.53 0.84 1.46

2009 1.09 0.56 0.38 0.37 0.12 1.00 0.21 0.92 0.40 0.07 ‐‐ 0.34 0.45

2010 1.33 1.29 0.76 1.09 1.46 1.91 2.29 2.09 1.25 ‐‐ ‐‐ 1.10 1.22

2011 1.60 0.26 0.27 0.48 1.05 1.18 1.44 1.68 0.21 0.11 0.06 ‐‐ 0.70

2012 ‐‐ 0.28 ‐‐ ‐‐ 0.20 0.34 0.92 0.28 0.08 0.11 0.67 0.17 0.25

Data Source: Duke Energy Historical Data; Ed Bruce at Duke Energy; received May 21, 2014

BACKGROUND INFORMATION

PROJECTIONS ASSUMPTIONS

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

2012 ‐‐ Jan 1.16 Jul 1.63

2015 ‐‐ Feb 0.96 Aug 1.40

2020 ‐‐ Mar 0.70 Sep 0.86

2030 ‐‐ Apr 0.91 Oct 0.41

2040 ‐‐ May 1.17 Nov 0.64

2050 ‐‐ Jun 1.45 Dec 0.70

2060 ‐‐

‐‐

NOTE: Per email from Ed Bruce received on May 21, 2014, all flow data for Buck Combined Cycle Station was included in the historical data for Buck Steam Station. Therefore historical flows for both facilities are 

included on this sheet. See entity sheet NNH‐30b for the Buck Combined Cycle Station projected data.

Historical data were unavailable for 1997‐2004, so flows for those years were approximated using the average flows from 2005‐2008 for each respective month.

This facility was replaced by the Buck Combined Cycle Station and therefore is inactive and has zero projected flows.

‐‐

‐‐

‐‐
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ID No. NNH‐30b Category Power

Entity Duke Energy Carolinas, LLC Type Net Withdrawal

Facility Buck Combined Cycle Station Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2002 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2003 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2004 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2005 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2006 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2007 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2008 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2009 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2010 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2011 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2012 See Note See Note See Note See Note See Note See Note See Note See Note See Note See Note See Note See Note ND

Data Source: Duke Energy Historical Data; Ed Bruce at Duke Energy; received May 21, 2014

BACKGROUND INFORMATION

PROJECTIONS ASSUMPTIONS

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

2012 0.25 Jan 0.91 Jul 1.15

2015 2.49 Feb 1.00 Aug 1.16

2020 2.49 Mar 1.00 Sep 1.10

2030 2.49 Apr 1.01 Oct 0.96

2040 2.49 May 1.02 Nov 0.82

2050 2.49 Jun 1.10 Dec 0.76

2060 2.49

Monthly Coefficients are calculated based on 2015 projected monthly net withdrawals provided by Duke Energy.

NOTE: Per email from Ed Bruce received on May 21, 2014, all flow data for Buck Combined Cycle Station was included in the historical data for Buck Steam Station. See entity sheet NNH‐30a for the combined flow 

data.

Projected net withdrawals provided by Duke Energy.

‐‐

‐‐

‐‐
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ID No. NNB‐30c Category Power

Entity Duke Energy Carolinas, LLC Type Net Withdrawal

Facility Smith Energy Complex Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2002 ND ND ND ND ND ND ND ND ND ND ND ND ND

2003 ND ND ND ND ND ND ND ND ND ND ND ND ND

2004 ND ND ND ND ND ND ND ND ND ND ND ND ND

2005 ND ND ND ND ND ND 1.43 1.48 1.05 0.24 0.04 0.63 0.81

2006 ‐‐ 0.05 0.65 0.18 0.46 0.80 1.44 1.80 0.67 0.44 0.31 0.40 0.61

2007 0.54 0.87 0.59 0.90 0.59 1.34 1.31 1.87 1.50 0.14 0.08 0.38 0.84

2008 0.83 0.26 0.46 0.00 0.00 1.52 1.28 1.86 1.11 1.56 0.86 0.92 0.89

2009 0.83 1.01 1.61 0.47 0.84 1.27 1.47 2.10 1.97 0.61 1.59 1.05 1.24

2010 1.07 1.41 1.59 0.72 1.92 2.06 2.04 2.05 1.62 1.87 1.80 1.65 1.65

2011 0.83 1.67 2.14 1.67 3.33 4.75 5.07 4.54 4.33 3.68 3.24 4.26 3.30

2012 3.75 4.64 4.72 4.05 4.07 4.48 5.39 5.32 4.19 2.72 2.79 4.07 4.18

Data Sources: Richmond County WTP Historical Data; Harold Walton, Richmond County WTP Superintendent; received June 19, 2014

BACKGROUND INFORMATION

PROJECTIONS ASSUMPTIONS

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

2012 4.18 Jan 1.00 Jul 1.00

2015 6.00 Feb 1.00 Aug 1.00

2020 6.00 Mar 1.00 Sep 1.00

2030 6.00 Apr 1.00 Oct 1.00

2040 6.00 May 1.00 Nov 1.00

2050 6.00 Jun 1.00 Dec 1.00

2060 6.00

‐‐

Smith Energy Complex receives wholesale water from Richmond County WTP (both raw and potable). Raw water flows are shown above, while potable flows are included on the Richmond County WTP facility sheet 

(see entity sheet NWB‐88). The Smith Energy Complex does not discharge back into the project area.  Therefore all withdrawals shown above are net withdrawals.

Smith Energy Complex began operations in 2000. No data was provided for Jan 2000 through Jun 2005. For Jul 2005 through Dec 2012, data was provided by Richmond County. For modeling purposes, Jan 2000 

through Jun 2005 flows were assumed to be equal to the 2006‐2008 average flows (first 3 full years on record) for each respective month.

Except for the 2012 flow value, projections shown below were provided by Ed Bruce at Duke Energy, received May 21, 2014. The 2012 flow value is taken from historical data above.

‐‐

‐‐

‐‐
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ID No. NNH‐30d Category Power

Entity Duke Energy Carolinas, LLC Type Net Withdrawal

Facility Additional Combined Cycle Station #1 Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2002 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2003 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2004 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2005 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2006 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2007 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2008 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2009 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2010 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2011 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2012 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

Data Source: Duke Energy Historical Data; Ed Bruce at Duke Energy; received May 21, 2014

BACKGROUND INFORMATION

PROJECTIONS ASSUMPTIONS

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

2012 ‐‐ Jan 0.91 Jul 1.15

2015 ‐‐ Feb 1.00 Aug 1.16

2020 2.49 Mar 1.00 Sep 1.10

2030 2.49 Apr 1.01 Oct 0.96

2040 2.49 May 1.02 Nov 0.82

2050 2.49 Jun 1.10 Dec 0.76

2060 2.49

Station included to account for future additional water required to meet long‐range energy demand."

See Note Below.

Per Ed Bruce at Duke Energy: "Duke Energy does not have specific plans to build a new power plant at this location.  This is a hypothetical plant identical to the existing Buck Combined Cycle 

Projected net withdrawals provided by Duke Energy.

Monthly Coefficients are calculated based on 2020 projected monthly net withdrawals provided by Duke Energy.

‐‐
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ID No. NNH‐30e Category Power

Entity Duke Energy Carolinas, LLC Type Net Withdrawal

Facility Additional Combined Cycle Station #2 Sub‐basin High Rock Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2002 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2003 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2004 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2005 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2006 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2007 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2008 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2009 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2010 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2011 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2012 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

Data Source: Duke Energy Historical Data; Ed Bruce at Duke Energy; received May 21, 2014

BACKGROUND INFORMATION

PROJECTIONS ASSUMPTIONS

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

2012 ‐‐ Jan 0.91 Jul 1.15

2015 ‐‐ Feb 1.00 Aug 1.16

2020 ‐‐ Mar 1.00 Sep 1.10

2030 ‐‐ Apr 1.01 Oct 0.96

2040 ‐‐ May 1.02 Nov 0.82

2050 2.49 Jun 1.10 Dec 0.76

2060 2.49

Station included to account for future additional water required to meet long‐range energy demand."

See Note Below.

‐‐Per Ed Bruce at Duke Energy: "Duke Energy does not have specific plans to build a new power plant at this location.  This is a hypothetical plant identical to the existing Buck Combined Cycle 

Projected net withdrawals provided by Duke Energy.

Monthly Coefficients are calculated based on 2050 projected monthly net withdrawals provided by Duke Energy.

‐‐
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ID No. NNH‐30f Category Power

Entity Duke Energy Carolinas, LLC Type Net Withdrawal

Facility Additional Nuclear Plant #1 Sub‐basin Blewett Falls Lake

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2002 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2003 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2004 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2005 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2006 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2007 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2008 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2009 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2010 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2011 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2012 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

Data Source: Duke Energy Historical Data; Ed Bruce at Duke Energy; received May 21, 2014

BACKGROUND INFORMATION

PROJECTIONS ASSUMPTIONS

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

2012 ‐‐ Jan 1.09 Jul 1.10

2015 ‐‐ Feb 1.04 Aug 1.10

2020 ‐‐ Mar 0.93 Sep 1.01

2030 ‐‐ Apr 0.91 Oct 0.95

2040 ‐‐ May 0.91 Nov 0.93

2050 32.16 Jun 1.04 Dec 0.98

2060 32.16

 Catawba Nuclear Station included to account for future additional water required to meet long‐range energy demand."

See Note Below.

‐‐Per Ed Bruce at Duke Energy: "Duke Energy does not have specific plans to build a new power plant at this location.  This is a hypothetical plant with similar consumptive water use to

Projected net withdrawals provided by Duke Energy.

Monthly Coefficients are calculated based on 2050 projected monthly net withdrawals provided by Duke Energy.

‐‐
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ID No. NNH‐30g Category Power

Entity Duke Energy Carolinas, LLC Type Net Withdrawal

Facility Additional Nuclear Plant #2 Sub‐basin Lake Tillery

Contact Harold Brady at NCDENR‐DWR IBT? ‐‐

HISTORICAL DATA SUMMARY

Flow Rate Data (MGD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Avg

1997 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2002 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2003 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2004 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2005 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2006 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2007 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2008 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2009 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2010 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2011 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2012 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

Data Source: Duke Energy Historical Data; Ed Bruce at Duke Energy; received May 21, 2014

BACKGROUND INFORMATION

PROJECTIONS ASSUMPTIONS

Analysis and Projections Notes

PROJECTIONS SUMMARY

Annual Average Flow Monthly Coefficients

Year Flow (mgd) Month Coefficient Month Coefficient

2012 ‐‐ Jan 1.09 Jul 1.10

2015 ‐‐ Feb 1.04 Aug 1.10

2020 ‐‐ Mar 0.93 Sep 1.01

2030 ‐‐ Apr 0.91 Oct 0.95

2040 ‐‐ May 0.91 Nov 0.93

2050 32.16 Jun 1.04 Dec 0.98

2060 32.16

 Catawba Nuclear Station included to account for future additional water required to meet long‐range energy demand."

See Note Below.

‐‐Per Ed Bruce at Duke Energy: "Duke Energy does not have specific plans to build a new power plant at this location.  This is a hypothetical plant with similar consumptive water use to

Projected net withdrawals provided by Duke Energy.

Monthly Coefficients are calculated based on 2050 projected monthly net withdrawals provided by Duke Energy.

‐‐
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CD-4.6 
APPENDIX CD – 4.6 

Yadkin Water Supply 

Analysis – Union County 

Projection Inputs by 

YRWSP Alternative 

 

 
 

  

 



2010 4.90 1.76 ‐‐ 3.18 ‐‐ 1.76 ‐‐ 3.18 ‐‐

2011 5.10 1.76 ‐‐ 3.34 ‐‐ 1.76 ‐‐ 3.34 ‐‐

2012 5.30 1.76 ‐‐ 3.54 ‐‐ 1.76 ‐‐ 3.54 ‐‐

2013 5.52 1.76 ‐‐ 3.76 ‐‐ 1.76 ‐‐ 3.76 ‐‐

2014 5.76 2.35 ‐‐ 3.41 ‐‐ 2.35 ‐‐ 3.41 ‐‐

2015 6.00 2.35 ‐‐ 3.65 ‐‐ 2.35 ‐‐ 3.65 ‐‐

2016 6.25 2.35 ‐‐ 3.90 ‐‐ 2.35 ‐‐ 3.90 ‐‐

2017 6.51 2.35 ‐‐ 4.16 ‐‐ 2.35 ‐‐ 4.16 ‐‐

2018 6.78 2.35 ‐‐ 4.43 ‐‐ 2.35 ‐‐ 4.43 ‐‐

2019 7.06 2.35 ‐‐ 4.71 ‐‐ 2.35 ‐‐ 4.71 ‐‐

2020 7.35 2.35 ‐‐ 5.00 ‐‐ 2.35 ‐‐ 5.00 ‐‐

2021 7.65 2.35 ‐‐ 5.30 ‐‐ 2.35 ‐‐ 5.30 ‐‐

2022 7.96 ‐‐ ‐‐ 0.91 ‐‐ ‐‐ ‐‐ 0.91 7.06

2023 8.29 ‐‐ ‐‐ 1.23 ‐‐ ‐‐ ‐‐ 1.23 7.06

2024 8.62 ‐‐ ‐‐ 1.56 ‐‐ ‐‐ ‐‐ 1.56 7.06

2025 8.97 ‐‐ ‐‐ 1.91 ‐‐ ‐‐ ‐‐ 1.91 7.06

2026 9.33 ‐‐ ‐‐ 2.27 ‐‐ ‐‐ ‐‐ 2.27 7.06

2027 9.71 ‐‐ ‐‐ 2.65 ‐‐ ‐‐ ‐‐ 2.65 7.06

2028 10.09 ‐‐ ‐‐ 3.04 ‐‐ ‐‐ ‐‐ 3.04 7.06

2029 10.50 ‐‐ ‐‐ 3.44 ‐‐ ‐‐ ‐‐ 3.44 7.06

2030 10.91 ‐‐ ‐‐ 3.85 ‐‐ ‐‐ ‐‐ 3.85 7.06

2031 11.31 ‐‐ ‐‐ 4.25 ‐‐ ‐‐ ‐‐ 4.25 7.06

2032 11.72 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 11.72

2033 12.15 ‐‐ ‐‐ 0.38 ‐‐ ‐‐ ‐‐ 0.38 11.76

2034 12.59 ‐‐ ‐‐ 0.82 ‐‐ ‐‐ ‐‐ 0.82 11.76

2035 13.04 ‐‐ ‐‐ 1.28 ‐‐ ‐‐ ‐‐ 1.28 11.76

2036 13.51 ‐‐ ‐‐ 1.75 ‐‐ ‐‐ ‐‐ 1.75 11.76

2037 14.00 ‐‐ ‐‐ 2.23 ‐‐ ‐‐ ‐‐ 2.23 11.76

2038 14.50 ‐‐ ‐‐ 2.74 ‐‐ ‐‐ ‐‐ 2.74 11.76

2039 15.02 ‐‐ ‐‐ 3.25 ‐‐ ‐‐ ‐‐ 3.25 11.76

2040 15.56 ‐‐ ‐‐ 3.79 ‐‐ ‐‐ ‐‐ 3.79 11.76

2041 16.01 ‐‐ ‐‐ 4.25 ‐‐ ‐‐ ‐‐ 4.25 11.76

2042 16.48 ‐‐ ‐‐ 4.72 ‐‐ ‐‐ ‐‐ 4.72 11.76

2043 16.97 ‐‐ ‐‐ 5.20 ‐‐ ‐‐ ‐‐ 5.20 11.76

2044 17.47 ‐‐ ‐‐ 0.99 ‐‐ ‐‐ ‐‐ 0.99 16.47

2045 17.98 ‐‐ ‐‐ 1.51 ‐‐ ‐‐ ‐‐ 1.51 16.47

2046 18.50 ‐‐ ‐‐ 2.03 ‐‐ ‐‐ ‐‐ 2.03 16.47

2047 19.04 ‐‐ ‐‐ 2.57 ‐‐ ‐‐ ‐‐ 2.57 16.47

2048 19.60 ‐‐ ‐‐ 3.13 ‐‐ ‐‐ ‐‐ 3.13 16.47

2049 20.17 ‐‐ ‐‐ 3.70 ‐‐ ‐‐ ‐‐ 3.70 16.47

2050 20.75 ‐‐ ‐‐ 4.28 ‐‐ ‐‐ ‐‐ 4.28 16.47

2051 21.14 ‐‐ ‐‐ 4.67 ‐‐ ‐‐ ‐‐ 4.67 16.47

2052 21.54 ‐‐ ‐‐ 5.06 ‐‐ ‐‐ ‐‐ 5.06 16.47

2053 21.94 ‐‐ ‐‐ 5.47 ‐‐ ‐‐ ‐‐ 5.47 16.47

2054 22.35 ‐‐ ‐‐ 5.88 ‐‐ ‐‐ ‐‐ 5.88 16.47

2055 22.76 ‐‐ ‐‐ 3.94 ‐‐ ‐‐ ‐‐ 3.94 18.82

2056 23.19 ‐‐ ‐‐ 4.36 ‐‐ ‐‐ ‐‐ 4.36 18.82

2057 23.62 ‐‐ ‐‐ 4.80 ‐‐ ‐‐ ‐‐ 4.80 18.82

2058 24.06 ‐‐ ‐‐ 5.23 ‐‐ ‐‐ ‐‐ 5.23 18.82

2059 24.50 ‐‐ ‐‐ 5.68 ‐‐ ‐‐ ‐‐ 5.68 18.82

2060 24.96 ‐‐ ‐‐ 6.14 ‐‐ ‐‐ ‐‐ 6.14 18.82

Notes:

1. All projections are in million gallons per day (mgd) on an annual average daily value basis.

2. 2051 to 2060 projections have been extended from originally developed YRWSP projections; extension completed by assuming 1.8% AGR but no service area expansion.

Water Supply Projections (Baseline)

Anson County 

Treated Supply 

(mgd)

Anson County Raw 

Supply (mgd)

CRWTP (Catawba 

IBT) Supply (mgd)

YRWSP Supply 

(mgd)

Planning 

Year

Union County ‐ 

Yadkin Service 

Area Water 

Demand 

Projection (mgd)

Water Supply Projections (Alternative 1)

Anson County 

Treated Supply 

(mgd)

CRWTP (Catawba 

IBT) Supply (mgd)

YRWSP Supply 

(mgd)

Anson County Raw 

Supply (mgd)



2010 4.90 1.76 ‐‐ 3.18 ‐‐

2011 5.10 1.76 ‐‐ 3.34 ‐‐

2012 5.30 1.76 ‐‐ 3.54 ‐‐

2013 5.52 1.76 ‐‐ 3.76 ‐‐

2014 5.76 2.35 ‐‐ 3.41 ‐‐

2015 6.00 2.35 ‐‐ 3.65 ‐‐

2016 6.25 2.35 ‐‐ 3.90 ‐‐

2017 6.51 2.35 ‐‐ 4.16 ‐‐

2018 6.78 2.35 ‐‐ 4.43 ‐‐

2019 7.06 2.35 ‐‐ 4.71 ‐‐

2020 7.35 2.35 ‐‐ 5.00 ‐‐

2021 7.65 2.35 ‐‐ 5.30 ‐‐

2022 7.96 ‐‐ ‐‐ 0.91 ‐‐

2023 8.29 ‐‐ ‐‐ 1.23 ‐‐

2024 8.62 ‐‐ ‐‐ 1.56 ‐‐

2025 8.97 ‐‐ ‐‐ 1.91 ‐‐

2026 9.33 ‐‐ ‐‐ 2.27 ‐‐

2027 9.71 ‐‐ ‐‐ 2.65 ‐‐

2028 10.09 ‐‐ ‐‐ 3.04 ‐‐

2029 10.50 ‐‐ ‐‐ 3.44 ‐‐

2030 10.91 ‐‐ ‐‐ 3.85 ‐‐

2031 11.31 ‐‐ ‐‐ 4.25 ‐‐

2032 11.72 ‐‐ ‐‐ ‐‐ ‐‐

2033 12.15 ‐‐ ‐‐ 0.38 ‐‐

2034 12.59 ‐‐ ‐‐ 0.82 ‐‐

2035 13.04 ‐‐ ‐‐ 1.28 ‐‐

2036 13.51 ‐‐ ‐‐ 1.75 ‐‐

2037 14.00 ‐‐ ‐‐ 2.23 ‐‐

2038 14.50 ‐‐ ‐‐ 2.74 ‐‐

2039 15.02 ‐‐ ‐‐ 3.25 ‐‐

2040 15.56 ‐‐ ‐‐ 3.79 ‐‐

2041 16.01 ‐‐ ‐‐ 4.25 ‐‐

2042 16.48 ‐‐ ‐‐ 4.72 ‐‐

2043 16.97 ‐‐ ‐‐ 5.20 ‐‐

2044 17.47 ‐‐ ‐‐ 0.99 ‐‐

2045 17.98 ‐‐ ‐‐ 1.51 ‐‐

2046 18.50 ‐‐ ‐‐ 2.03 ‐‐

2047 19.04 ‐‐ ‐‐ 2.57 ‐‐

2048 19.60 ‐‐ ‐‐ 3.13 ‐‐

2049 20.17 ‐‐ ‐‐ 3.70 ‐‐

2050 20.75 ‐‐ ‐‐ 4.28 ‐‐

2051 21.14 ‐‐ ‐‐ 4.67 ‐‐

2052 21.54 ‐‐ ‐‐ 5.06 ‐‐

2053 21.94 ‐‐ ‐‐ 5.47 ‐‐

2054 22.35 ‐‐ ‐‐ 5.88 ‐‐

2055 22.76 ‐‐ ‐‐ 3.94 ‐‐

2056 23.19 ‐‐ ‐‐ 4.36 ‐‐

2057 23.62 ‐‐ ‐‐ 4.80 ‐‐

2058 24.06 ‐‐ ‐‐ 5.23 ‐‐

2059 24.50 ‐‐ ‐‐ 5.68 ‐‐

2060 24.96 ‐‐ ‐‐ 6.14 ‐‐

Notes:

1. All projections are in million gallons per day (mgd) on an annual average daily value basis.

2. 2051 to 2060 projections have been extended from originally developed YRWSP projections; extension com

Water Supply Projections (Baseline)

Anson County 

Treated Supply 

(mgd)

Anson County Raw 

Supply (mgd)

CRWTP (Catawba 

IBT) Supply (mgd)

YRWSP Supply 

(mgd)

Planning 

Year

Union County ‐ 

Yadkin Service 

Area Water 

Demand 

Projection (mgd)

1.76 ‐‐ 3.18 ‐‐

1.76 ‐‐ 3.34 ‐‐

1.76 ‐‐ 3.54 ‐‐

1.76 ‐‐ 3.76 ‐‐

2.35 ‐‐ 3.41 ‐‐

2.35 ‐‐ 3.65 ‐‐

2.35 ‐‐ 3.90 ‐‐

2.35 ‐‐ 4.16 ‐‐

2.35 ‐‐ 4.43 ‐‐

2.35 ‐‐ 4.71 ‐‐

2.35 ‐‐ 5.00 ‐‐

2.35 ‐‐ 5.30 ‐‐

‐‐ ‐‐ 0.91 7.06

‐‐ ‐‐ 1.23 7.06

‐‐ ‐‐ 1.56 7.06

‐‐ ‐‐ 1.91 7.06

‐‐ ‐‐ 2.27 7.06

‐‐ ‐‐ 2.65 7.06

‐‐ ‐‐ 3.04 7.06

‐‐ ‐‐ 3.44 7.06

‐‐ ‐‐ 3.85 7.06

‐‐ ‐‐ 4.25 7.06

‐‐ ‐‐ ‐‐ 11.72

‐‐ ‐‐ 0.38 11.76

‐‐ ‐‐ 0.82 11.76

‐‐ ‐‐ 1.28 11.76

‐‐ ‐‐ 1.75 11.76

‐‐ ‐‐ 2.23 11.76

‐‐ ‐‐ 2.74 11.76

‐‐ ‐‐ 3.25 11.76

‐‐ ‐‐ 3.79 11.76

‐‐ ‐‐ 4.25 11.76

‐‐ ‐‐ 4.72 11.76

‐‐ ‐‐ 5.20 11.76

‐‐ ‐‐ 0.99 16.47

‐‐ ‐‐ 1.51 16.47

‐‐ ‐‐ 2.03 16.47

‐‐ ‐‐ 2.57 16.47

‐‐ ‐‐ 3.13 16.47

‐‐ ‐‐ 3.70 16.47

‐‐ ‐‐ 4.28 16.47

‐‐ ‐‐ 4.67 16.47

‐‐ ‐‐ 5.06 16.47

‐‐ ‐‐ 5.47 16.47

‐‐ ‐‐ 5.88 16.47

‐‐ ‐‐ 3.94 18.82

‐‐ ‐‐ 4.36 18.82

‐‐ ‐‐ 4.80 18.82

‐‐ ‐‐ 5.23 18.82

‐‐ ‐‐ 5.68 18.82

‐‐ ‐‐ 6.14 18.82

Water Supply Projections (Alternative 2A)

Anson County 

Treated Supply 

(mgd)

Anson County Raw 

Supply (mgd)

CRWTP (Catawba 

IBT) Supply (mgd)

YRWSP Supply 

(mgd)



2010 4.90 1.76 ‐‐ 3.18 ‐‐

2011 5.10 1.76 ‐‐ 3.34 ‐‐

2012 5.30 1.76 ‐‐ 3.54 ‐‐

2013 5.52 1.76 ‐‐ 3.76 ‐‐

2014 5.76 2.35 ‐‐ 3.41 ‐‐

2015 6.00 2.35 ‐‐ 3.65 ‐‐

2016 6.25 2.35 ‐‐ 3.90 ‐‐

2017 6.51 2.35 ‐‐ 4.16 ‐‐

2018 6.78 2.35 ‐‐ 4.43 ‐‐

2019 7.06 2.35 ‐‐ 4.71 ‐‐

2020 7.35 2.35 ‐‐ 5.00 ‐‐

2021 7.65 2.35 ‐‐ 5.30 ‐‐

2022 7.96 ‐‐ ‐‐ 0.91 ‐‐

2023 8.29 ‐‐ ‐‐ 1.23 ‐‐

2024 8.62 ‐‐ ‐‐ 1.56 ‐‐

2025 8.97 ‐‐ ‐‐ 1.91 ‐‐

2026 9.33 ‐‐ ‐‐ 2.27 ‐‐

2027 9.71 ‐‐ ‐‐ 2.65 ‐‐

2028 10.09 ‐‐ ‐‐ 3.04 ‐‐

2029 10.50 ‐‐ ‐‐ 3.44 ‐‐

2030 10.91 ‐‐ ‐‐ 3.85 ‐‐

2031 11.31 ‐‐ ‐‐ 4.25 ‐‐

2032 11.72 ‐‐ ‐‐ ‐‐ ‐‐

2033 12.15 ‐‐ ‐‐ 0.38 ‐‐

2034 12.59 ‐‐ ‐‐ 0.82 ‐‐

2035 13.04 ‐‐ ‐‐ 1.28 ‐‐

2036 13.51 ‐‐ ‐‐ 1.75 ‐‐

2037 14.00 ‐‐ ‐‐ 2.23 ‐‐

2038 14.50 ‐‐ ‐‐ 2.74 ‐‐

2039 15.02 ‐‐ ‐‐ 3.25 ‐‐

2040 15.56 ‐‐ ‐‐ 3.79 ‐‐

2041 16.01 ‐‐ ‐‐ 4.25 ‐‐

2042 16.48 ‐‐ ‐‐ 4.72 ‐‐

2043 16.97 ‐‐ ‐‐ 5.20 ‐‐

2044 17.47 ‐‐ ‐‐ 0.99 ‐‐

2045 17.98 ‐‐ ‐‐ 1.51 ‐‐

2046 18.50 ‐‐ ‐‐ 2.03 ‐‐

2047 19.04 ‐‐ ‐‐ 2.57 ‐‐

2048 19.60 ‐‐ ‐‐ 3.13 ‐‐

2049 20.17 ‐‐ ‐‐ 3.70 ‐‐

2050 20.75 ‐‐ ‐‐ 4.28 ‐‐

2051 21.14 ‐‐ ‐‐ 4.67 ‐‐

2052 21.54 ‐‐ ‐‐ 5.06 ‐‐

2053 21.94 ‐‐ ‐‐ 5.47 ‐‐

2054 22.35 ‐‐ ‐‐ 5.88 ‐‐

2055 22.76 ‐‐ ‐‐ 3.94 ‐‐

2056 23.19 ‐‐ ‐‐ 4.36 ‐‐

2057 23.62 ‐‐ ‐‐ 4.80 ‐‐

2058 24.06 ‐‐ ‐‐ 5.23 ‐‐

2059 24.50 ‐‐ ‐‐ 5.68 ‐‐

2060 24.96 ‐‐ ‐‐ 6.14 ‐‐

Notes:

1. All projections are in million gallons per day (mgd) on an annual average daily value basis.

2. 2051 to 2060 projections have been extended from originally developed YRWSP projections; extension com

Water Supply Projections (Baseline)

Anson County 

Treated Supply 

(mgd)

Anson County Raw 

Supply (mgd)

CRWTP (Catawba 

IBT) Supply (mgd)

YRWSP Supply 

(mgd)

Planning 

Year

Union County ‐ 

Yadkin Service 

Area Water 

Demand 

Projection (mgd)

1.76 ‐‐ 3.18 ‐‐

1.76 ‐‐ 3.34 ‐‐

1.76 ‐‐ 3.54 ‐‐

1.76 ‐‐ 3.76 ‐‐

2.35 ‐‐ 3.41 ‐‐

2.35 ‐‐ 3.65 ‐‐

2.35 ‐‐ 3.90 ‐‐

2.35 ‐‐ 4.16 ‐‐

2.35 ‐‐ 4.43 ‐‐

2.35 ‐‐ 4.71 ‐‐

2.35 ‐‐ 5.00 ‐‐

2.35 ‐‐ 5.30 ‐‐

‐‐ ‐‐ 0.91 7.06

‐‐ ‐‐ 1.23 7.06

‐‐ ‐‐ 1.56 7.06

‐‐ ‐‐ 1.91 7.06

‐‐ ‐‐ 2.27 7.06

‐‐ ‐‐ 2.65 7.06

‐‐ ‐‐ 3.04 7.06

‐‐ ‐‐ 3.44 7.06

‐‐ ‐‐ 3.85 7.06

‐‐ ‐‐ 4.25 7.06

‐‐ ‐‐ ‐‐ 11.72

‐‐ ‐‐ 0.38 11.76

‐‐ ‐‐ 0.82 11.76

‐‐ ‐‐ 1.28 11.76

‐‐ ‐‐ 1.75 11.76

‐‐ ‐‐ 2.23 11.76

‐‐ ‐‐ 2.74 11.76

‐‐ ‐‐ 3.25 11.76

‐‐ ‐‐ 3.79 11.76

‐‐ ‐‐ 4.25 11.76

‐‐ ‐‐ 4.72 11.76

‐‐ ‐‐ 5.20 11.76

‐‐ ‐‐ 0.99 16.47

‐‐ ‐‐ 1.51 16.47

‐‐ ‐‐ 2.03 16.47

‐‐ ‐‐ 2.57 16.47

‐‐ ‐‐ 3.13 16.47

‐‐ ‐‐ 3.70 16.47

‐‐ ‐‐ 4.28 16.47

‐‐ ‐‐ 4.67 16.47

‐‐ ‐‐ 5.06 16.47

‐‐ ‐‐ 5.47 16.47

‐‐ ‐‐ 5.88 16.47

‐‐ ‐‐ 3.94 18.82

‐‐ ‐‐ 4.36 18.82

‐‐ ‐‐ 4.80 18.82

‐‐ ‐‐ 5.23 18.82

‐‐ ‐‐ 5.68 18.82

‐‐ ‐‐ 6.14 18.82

Water Supply Projections (Alternative 2B)

Anson County 

Treated Supply 

(mgd)

Anson County Raw 

Supply (mgd)

CRWTP (Catawba 

IBT) Supply (mgd)

YRWSP Supply 

(mgd)



2010 4.90 1.76 ‐‐ 3.18 ‐‐

2011 5.10 1.76 ‐‐ 3.34 ‐‐

2012 5.30 1.76 ‐‐ 3.54 ‐‐

2013 5.52 1.76 ‐‐ 3.76 ‐‐

2014 5.76 2.35 ‐‐ 3.41 ‐‐

2015 6.00 2.35 ‐‐ 3.65 ‐‐

2016 6.25 2.35 ‐‐ 3.90 ‐‐

2017 6.51 2.35 ‐‐ 4.16 ‐‐

2018 6.78 2.35 ‐‐ 4.43 ‐‐

2019 7.06 2.35 ‐‐ 4.71 ‐‐

2020 7.35 2.35 ‐‐ 5.00 ‐‐

2021 7.65 2.35 ‐‐ 5.30 ‐‐

2022 7.96 ‐‐ ‐‐ 0.91 ‐‐

2023 8.29 ‐‐ ‐‐ 1.23 ‐‐

2024 8.62 ‐‐ ‐‐ 1.56 ‐‐

2025 8.97 ‐‐ ‐‐ 1.91 ‐‐

2026 9.33 ‐‐ ‐‐ 2.27 ‐‐

2027 9.71 ‐‐ ‐‐ 2.65 ‐‐

2028 10.09 ‐‐ ‐‐ 3.04 ‐‐

2029 10.50 ‐‐ ‐‐ 3.44 ‐‐

2030 10.91 ‐‐ ‐‐ 3.85 ‐‐

2031 11.31 ‐‐ ‐‐ 4.25 ‐‐

2032 11.72 ‐‐ ‐‐ ‐‐ ‐‐

2033 12.15 ‐‐ ‐‐ 0.38 ‐‐

2034 12.59 ‐‐ ‐‐ 0.82 ‐‐

2035 13.04 ‐‐ ‐‐ 1.28 ‐‐

2036 13.51 ‐‐ ‐‐ 1.75 ‐‐

2037 14.00 ‐‐ ‐‐ 2.23 ‐‐

2038 14.50 ‐‐ ‐‐ 2.74 ‐‐

2039 15.02 ‐‐ ‐‐ 3.25 ‐‐

2040 15.56 ‐‐ ‐‐ 3.79 ‐‐

2041 16.01 ‐‐ ‐‐ 4.25 ‐‐

2042 16.48 ‐‐ ‐‐ 4.72 ‐‐

2043 16.97 ‐‐ ‐‐ 5.20 ‐‐

2044 17.47 ‐‐ ‐‐ 0.99 ‐‐

2045 17.98 ‐‐ ‐‐ 1.51 ‐‐

2046 18.50 ‐‐ ‐‐ 2.03 ‐‐

2047 19.04 ‐‐ ‐‐ 2.57 ‐‐

2048 19.60 ‐‐ ‐‐ 3.13 ‐‐

2049 20.17 ‐‐ ‐‐ 3.70 ‐‐

2050 20.75 ‐‐ ‐‐ 4.28 ‐‐

2051 21.14 ‐‐ ‐‐ 4.67 ‐‐

2052 21.54 ‐‐ ‐‐ 5.06 ‐‐

2053 21.94 ‐‐ ‐‐ 5.47 ‐‐

2054 22.35 ‐‐ ‐‐ 5.88 ‐‐

2055 22.76 ‐‐ ‐‐ 3.94 ‐‐

2056 23.19 ‐‐ ‐‐ 4.36 ‐‐

2057 23.62 ‐‐ ‐‐ 4.80 ‐‐

2058 24.06 ‐‐ ‐‐ 5.23 ‐‐

2059 24.50 ‐‐ ‐‐ 5.68 ‐‐

2060 24.96 ‐‐ ‐‐ 6.14 ‐‐

Notes:

1. All projections are in million gallons per day (mgd) on an annual average daily value basis.

2. 2051 to 2060 projections have been extended from originally developed YRWSP projections; extension com

Water Supply Projections (Baseline)

Anson County 

Treated Supply 

(mgd)

Anson County Raw 

Supply (mgd)

CRWTP (Catawba 

IBT) Supply (mgd)

YRWSP Supply 

(mgd)

Planning 

Year

Union County ‐ 

Yadkin Service 

Area Water 

Demand 

Projection (mgd)

1.72 ‐‐ 3.18 ‐‐

1.76 ‐‐ 3.34 ‐‐

1.76 ‐‐ 3.54 ‐‐

1.76 ‐‐ 3.76 ‐‐

2.35 ‐‐ 3.41 ‐‐

2.35 ‐‐ 3.65 ‐‐

2.35 ‐‐ 3.90 ‐‐

2.35 ‐‐ 4.16 ‐‐

2.35 ‐‐ 4.43 ‐‐

2.35 ‐‐ 4.71 ‐‐

2.35 ‐‐ 5.00 ‐‐

2.35 ‐‐ 5.30 ‐‐

‐‐ 7.06 0.91 ‐‐

‐‐ 7.06 1.23 ‐‐

‐‐ 7.06 1.56 ‐‐

‐‐ 7.06 1.91 ‐‐

‐‐ 7.06 2.27 ‐‐

‐‐ 7.06 2.65 ‐‐

‐‐ 7.06 3.04 ‐‐

‐‐ 7.06 3.44 ‐‐

‐‐ 7.06 3.85 ‐‐

‐‐ 7.06 4.25 ‐‐

‐‐ 11.72 ‐‐ ‐‐

‐‐ 11.76 0.38 ‐‐

‐‐ 11.76 0.82 ‐‐

‐‐ 11.76 1.28 ‐‐

‐‐ 11.76 1.75 ‐‐

‐‐ 11.76 2.23 ‐‐

‐‐ 11.76 2.74 ‐‐

‐‐ 11.76 3.25 ‐‐

‐‐ 11.76 3.79 ‐‐

‐‐ 11.76 4.25 ‐‐

‐‐ 11.76 4.72 ‐‐

‐‐ 11.76 5.20 ‐‐

‐‐ 16.47 0.99 ‐‐

‐‐ 16.47 1.51 ‐‐

‐‐ 16.47 2.03 ‐‐

‐‐ 16.47 2.57 ‐‐

‐‐ 16.47 3.13 ‐‐

‐‐ 16.47 3.70 ‐‐

‐‐ 16.47 4.28 ‐‐

‐‐ 16.47 4.65 ‐‐

‐‐ 16.47 5.06 ‐‐

‐‐ 16.47 5.47 ‐‐

‐‐ 16.47 5.88 ‐‐

‐‐ 18.82 3.94 ‐‐

‐‐ 18.82 4.35 ‐‐

‐‐ 18.82 4.76 ‐‐

‐‐ 18.82 5.24 ‐‐

‐‐ 18.82 5.71 ‐‐

‐‐ 18.82 6.12 ‐‐

CRWTP (Catawba 

IBT) Supply (mgd)

YRWSP Supply 

(mgd)

Water Supply Projections (Alternative 3)

Anson County 

Treated Supply 

(mgd)

Anson County Raw 

Supply (mgd)



2010 4.90 1.76 ‐‐ 3.18 ‐‐

2011 5.10 1.76 ‐‐ 3.34 ‐‐

2012 5.30 1.76 ‐‐ 3.54 ‐‐

2013 5.52 1.76 ‐‐ 3.76 ‐‐

2014 5.76 2.35 ‐‐ 3.41 ‐‐

2015 6.00 2.35 ‐‐ 3.65 ‐‐

2016 6.25 2.35 ‐‐ 3.90 ‐‐

2017 6.51 2.35 ‐‐ 4.16 ‐‐

2018 6.78 2.35 ‐‐ 4.43 ‐‐

2019 7.06 2.35 ‐‐ 4.71 ‐‐

2020 7.35 2.35 ‐‐ 5.00 ‐‐

2021 7.65 2.35 ‐‐ 5.30 ‐‐

2022 7.96 ‐‐ ‐‐ 0.91 ‐‐

2023 8.29 ‐‐ ‐‐ 1.23 ‐‐

2024 8.62 ‐‐ ‐‐ 1.56 ‐‐

2025 8.97 ‐‐ ‐‐ 1.91 ‐‐

2026 9.33 ‐‐ ‐‐ 2.27 ‐‐

2027 9.71 ‐‐ ‐‐ 2.65 ‐‐

2028 10.09 ‐‐ ‐‐ 3.04 ‐‐

2029 10.50 ‐‐ ‐‐ 3.44 ‐‐

2030 10.91 ‐‐ ‐‐ 3.85 ‐‐

2031 11.31 ‐‐ ‐‐ 4.25 ‐‐

2032 11.72 ‐‐ ‐‐ ‐‐ ‐‐

2033 12.15 ‐‐ ‐‐ 0.38 ‐‐

2034 12.59 ‐‐ ‐‐ 0.82 ‐‐

2035 13.04 ‐‐ ‐‐ 1.28 ‐‐

2036 13.51 ‐‐ ‐‐ 1.75 ‐‐

2037 14.00 ‐‐ ‐‐ 2.23 ‐‐

2038 14.50 ‐‐ ‐‐ 2.74 ‐‐

2039 15.02 ‐‐ ‐‐ 3.25 ‐‐

2040 15.56 ‐‐ ‐‐ 3.79 ‐‐

2041 16.01 ‐‐ ‐‐ 4.25 ‐‐

2042 16.48 ‐‐ ‐‐ 4.72 ‐‐

2043 16.97 ‐‐ ‐‐ 5.20 ‐‐

2044 17.47 ‐‐ ‐‐ 0.99 ‐‐

2045 17.98 ‐‐ ‐‐ 1.51 ‐‐

2046 18.50 ‐‐ ‐‐ 2.03 ‐‐

2047 19.04 ‐‐ ‐‐ 2.57 ‐‐

2048 19.60 ‐‐ ‐‐ 3.13 ‐‐

2049 20.17 ‐‐ ‐‐ 3.70 ‐‐

2050 20.75 ‐‐ ‐‐ 4.28 ‐‐

2051 21.14 ‐‐ ‐‐ 4.67 ‐‐

2052 21.54 ‐‐ ‐‐ 5.06 ‐‐

2053 21.94 ‐‐ ‐‐ 5.47 ‐‐

2054 22.35 ‐‐ ‐‐ 5.88 ‐‐

2055 22.76 ‐‐ ‐‐ 3.94 ‐‐

2056 23.19 ‐‐ ‐‐ 4.36 ‐‐

2057 23.62 ‐‐ ‐‐ 4.80 ‐‐

2058 24.06 ‐‐ ‐‐ 5.23 ‐‐

2059 24.50 ‐‐ ‐‐ 5.68 ‐‐

2060 24.96 ‐‐ ‐‐ 6.14 ‐‐

Notes:

1. All projections are in million gallons per day (mgd) on an annual average daily value basis.

2. 2051 to 2060 projections have been extended from originally developed YRWSP projections; extension com

Water Supply Projections (Baseline)

Anson County 

Treated Supply 

(mgd)

Anson County Raw 

Supply (mgd)

CRWTP (Catawba 

IBT) Supply (mgd)

YRWSP Supply 

(mgd)

Planning 

Year

Union County ‐ 

Yadkin Service 

Area Water 

Demand 

Projection (mgd)

1.76 ‐‐ 3.18 ‐‐

1.76 ‐‐ 3.34 ‐‐

1.76 ‐‐ 3.54 ‐‐

1.76 ‐‐ 3.76 ‐‐

2.35 ‐‐ 3.41 ‐‐

2.35 ‐‐ 3.65 ‐‐

2.35 ‐‐ 3.90 ‐‐

2.35 ‐‐ 4.16 ‐‐

2.35 ‐‐ 4.43 ‐‐

2.35 ‐‐ 4.71 ‐‐

2.35 ‐‐ 5.00 ‐‐

2.35 ‐‐ 5.30 ‐‐

‐‐ ‐‐ 0.91 7.06

‐‐ ‐‐ 1.23 7.06

‐‐ ‐‐ 1.56 7.06

‐‐ ‐‐ 1.91 7.06

‐‐ ‐‐ 2.27 7.06

‐‐ ‐‐ 2.65 7.06

‐‐ ‐‐ 3.04 7.06

‐‐ ‐‐ 3.44 7.06

‐‐ ‐‐ 3.85 7.06

‐‐ ‐‐ 4.25 7.06

‐‐ ‐‐ ‐‐ 11.72

‐‐ ‐‐ 0.38 11.76

‐‐ ‐‐ 0.82 11.76

‐‐ ‐‐ 1.28 11.76

‐‐ ‐‐ 1.75 11.76

‐‐ ‐‐ 2.23 11.76

‐‐ ‐‐ 2.74 11.76

‐‐ ‐‐ 3.25 11.76

‐‐ ‐‐ 3.79 11.76

‐‐ ‐‐ 4.25 11.76

‐‐ ‐‐ 4.72 11.76

‐‐ ‐‐ 5.20 11.76

‐‐ ‐‐ 0.99 16.47

‐‐ ‐‐ 1.51 16.47

‐‐ ‐‐ 2.03 16.47

‐‐ ‐‐ 2.57 16.47

‐‐ ‐‐ 3.13 16.47

‐‐ ‐‐ 3.70 16.47

‐‐ ‐‐ 4.28 16.47

‐‐ ‐‐ 4.67 16.47

‐‐ ‐‐ 5.06 16.47

‐‐ ‐‐ 5.47 16.47

‐‐ ‐‐ 5.88 16.47

‐‐ ‐‐ 3.94 18.82

‐‐ ‐‐ 4.36 18.82

‐‐ ‐‐ 4.80 18.82

‐‐ ‐‐ 5.23 18.82

‐‐ ‐‐ 5.68 18.82

‐‐ ‐‐ 6.14 18.82

Anson County Raw 

Supply (mgd)

CRWTP (Catawba 

IBT) Supply (mgd)

YRWSP Supply 

(mgd)

Water Supply Projections (Alternative 4)

Anson County 

Treated Supply 

(mgd)



2010 4.90 1.76 ‐‐ 3.18 ‐‐

2011 5.10 1.76 ‐‐ 3.34 ‐‐

2012 5.30 1.76 ‐‐ 3.54 ‐‐

2013 5.52 1.76 ‐‐ 3.76 ‐‐

2014 5.76 2.35 ‐‐ 3.41 ‐‐

2015 6.00 2.35 ‐‐ 3.65 ‐‐

2016 6.25 2.35 ‐‐ 3.90 ‐‐

2017 6.51 2.35 ‐‐ 4.16 ‐‐

2018 6.78 2.35 ‐‐ 4.43 ‐‐

2019 7.06 2.35 ‐‐ 4.71 ‐‐

2020 7.35 2.35 ‐‐ 5.00 ‐‐

2021 7.65 2.35 ‐‐ 5.30 ‐‐

2022 7.96 ‐‐ ‐‐ 0.91 ‐‐

2023 8.29 ‐‐ ‐‐ 1.23 ‐‐

2024 8.62 ‐‐ ‐‐ 1.56 ‐‐

2025 8.97 ‐‐ ‐‐ 1.91 ‐‐

2026 9.33 ‐‐ ‐‐ 2.27 ‐‐

2027 9.71 ‐‐ ‐‐ 2.65 ‐‐

2028 10.09 ‐‐ ‐‐ 3.04 ‐‐

2029 10.50 ‐‐ ‐‐ 3.44 ‐‐

2030 10.91 ‐‐ ‐‐ 3.85 ‐‐

2031 11.31 ‐‐ ‐‐ 4.25 ‐‐

2032 11.72 ‐‐ ‐‐ ‐‐ ‐‐

2033 12.15 ‐‐ ‐‐ 0.38 ‐‐

2034 12.59 ‐‐ ‐‐ 0.82 ‐‐

2035 13.04 ‐‐ ‐‐ 1.28 ‐‐

2036 13.51 ‐‐ ‐‐ 1.75 ‐‐

2037 14.00 ‐‐ ‐‐ 2.23 ‐‐

2038 14.50 ‐‐ ‐‐ 2.74 ‐‐

2039 15.02 ‐‐ ‐‐ 3.25 ‐‐

2040 15.56 ‐‐ ‐‐ 3.79 ‐‐

2041 16.01 ‐‐ ‐‐ 4.25 ‐‐

2042 16.48 ‐‐ ‐‐ 4.72 ‐‐

2043 16.97 ‐‐ ‐‐ 5.20 ‐‐

2044 17.47 ‐‐ ‐‐ 0.99 ‐‐

2045 17.98 ‐‐ ‐‐ 1.51 ‐‐

2046 18.50 ‐‐ ‐‐ 2.03 ‐‐

2047 19.04 ‐‐ ‐‐ 2.57 ‐‐

2048 19.60 ‐‐ ‐‐ 3.13 ‐‐

2049 20.17 ‐‐ ‐‐ 3.70 ‐‐

2050 20.75 ‐‐ ‐‐ 4.28 ‐‐

2051 21.14 ‐‐ ‐‐ 4.67 ‐‐

2052 21.54 ‐‐ ‐‐ 5.06 ‐‐

2053 21.94 ‐‐ ‐‐ 5.47 ‐‐

2054 22.35 ‐‐ ‐‐ 5.88 ‐‐

2055 22.76 ‐‐ ‐‐ 3.94 ‐‐

2056 23.19 ‐‐ ‐‐ 4.36 ‐‐

2057 23.62 ‐‐ ‐‐ 4.80 ‐‐

2058 24.06 ‐‐ ‐‐ 5.23 ‐‐

2059 24.50 ‐‐ ‐‐ 5.68 ‐‐

2060 24.96 ‐‐ ‐‐ 6.14 ‐‐

Notes:

1. All projections are in million gallons per day (mgd) on an annual average daily value basis.

2. 2051 to 2060 projections have been extended from originally developed YRWSP projections; extension com

Water Supply Projections (Baseline)

Anson County 

Treated Supply 

(mgd)

Anson County Raw 

Supply (mgd)

CRWTP (Catawba 

IBT) Supply (mgd)

YRWSP Supply 

(mgd)

Planning 

Year

Union County ‐ 

Yadkin Service 

Area Water 

Demand 

Projection (mgd)

1.76 ‐‐ 3.18

1.76 ‐‐ 3.34 ‐‐

1.76 ‐‐ 3.54 ‐‐

1.76 ‐‐ 3.76 ‐‐

2.35 ‐‐ 3.41 ‐‐

2.35 ‐‐ 3.65 ‐‐

2.35 ‐‐ 3.90 ‐‐

2.35 ‐‐ 4.16 ‐‐

2.35 ‐‐ 4.43 ‐‐

2.35 ‐‐ 4.71 ‐‐

2.35 ‐‐ 5.00 ‐‐

2.35 ‐‐ 5.30 ‐‐

‐‐ ‐‐ 0.91 7.06

‐‐ ‐‐ 1.23 7.06

‐‐ ‐‐ 1.56 7.06

‐‐ ‐‐ 1.91 7.06

‐‐ ‐‐ 2.27 7.06

‐‐ ‐‐ 2.65 7.06

‐‐ ‐‐ 3.04 7.06

‐‐ ‐‐ 3.44 7.06

‐‐ ‐‐ 3.85 7.06

‐‐ ‐‐ 4.25 7.06

‐‐ ‐‐ ‐‐ 11.72

‐‐ ‐‐ 0.38 11.76

‐‐ ‐‐ 0.82 11.76

‐‐ ‐‐ 1.28 11.76

‐‐ ‐‐ 1.75 11.76

‐‐ ‐‐ 2.23 11.76

‐‐ ‐‐ 2.74 11.76

‐‐ ‐‐ 3.25 11.76

‐‐ ‐‐ 3.79 11.76

‐‐ ‐‐ 4.25 11.76

‐‐ ‐‐ 4.72 11.76

‐‐ ‐‐ 5.20 11.76

‐‐ ‐‐ 0.99 16.47

‐‐ ‐‐ 1.51 16.47

‐‐ ‐‐ 2.03 16.47

‐‐ ‐‐ 2.57 16.47

‐‐ ‐‐ 3.13 16.47

‐‐ ‐‐ 3.70 16.47

‐‐ ‐‐ 4.28 16.47

‐‐ ‐‐ 4.65 16.49

‐‐ ‐‐ 5.06 16.48

‐‐ ‐‐ 5.47 16.47

‐‐ ‐‐ 5.88 16.46

‐‐ ‐‐ 3.94 18.82

‐‐ ‐‐ 4.35 18.83

‐‐ ‐‐ 4.76 18.85

‐‐ ‐‐ 5.24 18.82

‐‐ ‐‐ 5.71 18.80

‐‐ ‐‐ 6.12 18.84

Anson County 

Treated Supply 

(mgd)

CRWTP (Catawba 

IBT) Supply (mgd)

YRWSP Supply ‐ 

Rocky River (mgd)

Water Supply Projections (Alternative 5)

Anson County Raw 

Supply (mgd)



2010 4.90 1.76 ‐‐ 3.18 ‐‐

2011 5.10 1.76 ‐‐ 3.34 ‐‐

2012 5.30 1.76 ‐‐ 3.54 ‐‐

2013 5.52 1.76 ‐‐ 3.76 ‐‐

2014 5.76 2.35 ‐‐ 3.41 ‐‐

2015 6.00 2.35 ‐‐ 3.65 ‐‐

2016 6.25 2.35 ‐‐ 3.90 ‐‐

2017 6.51 2.35 ‐‐ 4.16 ‐‐

2018 6.78 2.35 ‐‐ 4.43 ‐‐

2019 7.06 2.35 ‐‐ 4.71 ‐‐

2020 7.35 2.35 ‐‐ 5.00 ‐‐

2021 7.65 2.35 ‐‐ 5.30 ‐‐

2022 7.96 ‐‐ ‐‐ 0.91 ‐‐

2023 8.29 ‐‐ ‐‐ 1.23 ‐‐

2024 8.62 ‐‐ ‐‐ 1.56 ‐‐

2025 8.97 ‐‐ ‐‐ 1.91 ‐‐

2026 9.33 ‐‐ ‐‐ 2.27 ‐‐

2027 9.71 ‐‐ ‐‐ 2.65 ‐‐

2028 10.09 ‐‐ ‐‐ 3.04 ‐‐

2029 10.50 ‐‐ ‐‐ 3.44 ‐‐

2030 10.91 ‐‐ ‐‐ 3.85 ‐‐

2031 11.31 ‐‐ ‐‐ 4.25 ‐‐

2032 11.72 ‐‐ ‐‐ ‐‐ ‐‐

2033 12.15 ‐‐ ‐‐ 0.38 ‐‐

2034 12.59 ‐‐ ‐‐ 0.82 ‐‐

2035 13.04 ‐‐ ‐‐ 1.28 ‐‐

2036 13.51 ‐‐ ‐‐ 1.75 ‐‐

2037 14.00 ‐‐ ‐‐ 2.23 ‐‐

2038 14.50 ‐‐ ‐‐ 2.74 ‐‐

2039 15.02 ‐‐ ‐‐ 3.25 ‐‐

2040 15.56 ‐‐ ‐‐ 3.79 ‐‐

2041 16.01 ‐‐ ‐‐ 4.25 ‐‐

2042 16.48 ‐‐ ‐‐ 4.72 ‐‐

2043 16.97 ‐‐ ‐‐ 5.20 ‐‐

2044 17.47 ‐‐ ‐‐ 0.99 ‐‐

2045 17.98 ‐‐ ‐‐ 1.51 ‐‐

2046 18.50 ‐‐ ‐‐ 2.03 ‐‐

2047 19.04 ‐‐ ‐‐ 2.57 ‐‐

2048 19.60 ‐‐ ‐‐ 3.13 ‐‐

2049 20.17 ‐‐ ‐‐ 3.70 ‐‐

2050 20.75 ‐‐ ‐‐ 4.28 ‐‐

2051 21.14 ‐‐ ‐‐ 4.67 ‐‐

2052 21.54 ‐‐ ‐‐ 5.06 ‐‐

2053 21.94 ‐‐ ‐‐ 5.47 ‐‐

2054 22.35 ‐‐ ‐‐ 5.88 ‐‐

2055 22.76 ‐‐ ‐‐ 3.94 ‐‐

2056 23.19 ‐‐ ‐‐ 4.36 ‐‐

2057 23.62 ‐‐ ‐‐ 4.80 ‐‐

2058 24.06 ‐‐ ‐‐ 5.23 ‐‐

2059 24.50 ‐‐ ‐‐ 5.68 ‐‐

2060 24.96 ‐‐ ‐‐ 6.14 ‐‐

Notes:

1. All projections are in million gallons per day (mgd) on an annual average daily value basis.

2. 2051 to 2060 projections have been extended from originally developed YRWSP projections; extension com

Water Supply Projections (Baseline)

Anson County 

Treated Supply 

(mgd)

Anson County Raw 

Supply (mgd)

CRWTP (Catawba 

IBT) Supply (mgd)

YRWSP Supply 

(mgd)

Planning 

Year

Union County ‐ 

Yadkin Service 

Area Water 

Demand 

Projection (mgd)

1.76 3.18 ‐‐

1.76 3.34 ‐‐

1.76 3.54 ‐‐

1.76 3.76 ‐‐

2.35 3.41 ‐‐

2.35 3.65 ‐‐

2.35 3.90 ‐‐

2.35 4.16 ‐‐

2.35 4.43 ‐‐

2.35 4.71 ‐‐

2.35 5.00 ‐‐

2.35 5.30 ‐‐

‐‐ 7.96 ‐‐

‐‐ 8.29 ‐‐

‐‐ 8.62 ‐‐

‐‐ 8.97 ‐‐

‐‐ 9.33 ‐‐

‐‐ 9.71 ‐‐

‐‐ 10.09 ‐‐

‐‐ 10.50 ‐‐

‐‐ 10.91 ‐‐

‐‐ 11.31 ‐‐

‐‐ 11.72 ‐‐

‐‐ 12.15 ‐‐

‐‐ 12.59 ‐‐

‐‐ 13.04 ‐‐

‐‐ 13.51 ‐‐

‐‐ 14.00 ‐‐

‐‐ 14.50 ‐‐

‐‐ 15.02 ‐‐

‐‐ 15.56 ‐‐

‐‐ 16.01 ‐‐

‐‐ 16.48 ‐‐

‐‐ 16.97 ‐‐

‐‐ 17.47 ‐‐

‐‐ 17.98 ‐‐

‐‐ 18.50 ‐‐

‐‐ 19.04 ‐‐

‐‐ 19.60 ‐‐

‐‐ 20.17 ‐‐

‐‐ 20.75 ‐‐

‐‐ 21.12 ‐‐

‐‐ 21.53 ‐‐

‐‐ 21.94 ‐‐

‐‐ 22.35 ‐‐

‐‐ 22.76 ‐‐

‐‐ 23.18 ‐‐

‐‐ 23.59 ‐‐

‐‐ 24.06 ‐‐

‐‐ 24.53 ‐‐

‐‐ 24.94 ‐‐

CRWTP/CMUD 

(Catawba IBT) 

Supply (mgd)

YRWSP Supply 

(mgd)

Anson County 

Treated Supply 

(mgd)

Water Supply Projections (Alternative 6)

Anson County Raw 

Supply (mgd)



2010 4.90 1.76 ‐‐ 3.18 ‐‐

2011 5.10 1.76 ‐‐ 3.34 ‐‐

2012 5.30 1.76 ‐‐ 3.54 ‐‐

2013 5.52 1.76 ‐‐ 3.76 ‐‐

2014 5.76 2.35 ‐‐ 3.41 ‐‐

2015 6.00 2.35 ‐‐ 3.65 ‐‐

2016 6.25 2.35 ‐‐ 3.90 ‐‐

2017 6.51 2.35 ‐‐ 4.16 ‐‐

2018 6.78 2.35 ‐‐ 4.43 ‐‐

2019 7.06 2.35 ‐‐ 4.71 ‐‐

2020 7.35 2.35 ‐‐ 5.00 ‐‐

2021 7.65 2.35 ‐‐ 5.30 ‐‐

2022 7.96 ‐‐ ‐‐ 0.91 ‐‐

2023 8.29 ‐‐ ‐‐ 1.23 ‐‐

2024 8.62 ‐‐ ‐‐ 1.56 ‐‐

2025 8.97 ‐‐ ‐‐ 1.91 ‐‐

2026 9.33 ‐‐ ‐‐ 2.27 ‐‐

2027 9.71 ‐‐ ‐‐ 2.65 ‐‐

2028 10.09 ‐‐ ‐‐ 3.04 ‐‐

2029 10.50 ‐‐ ‐‐ 3.44 ‐‐

2030 10.91 ‐‐ ‐‐ 3.85 ‐‐

2031 11.31 ‐‐ ‐‐ 4.25 ‐‐

2032 11.72 ‐‐ ‐‐ ‐‐ ‐‐

2033 12.15 ‐‐ ‐‐ 0.38 ‐‐

2034 12.59 ‐‐ ‐‐ 0.82 ‐‐

2035 13.04 ‐‐ ‐‐ 1.28 ‐‐

2036 13.51 ‐‐ ‐‐ 1.75 ‐‐

2037 14.00 ‐‐ ‐‐ 2.23 ‐‐

2038 14.50 ‐‐ ‐‐ 2.74 ‐‐

2039 15.02 ‐‐ ‐‐ 3.25 ‐‐

2040 15.56 ‐‐ ‐‐ 3.79 ‐‐

2041 16.01 ‐‐ ‐‐ 4.25 ‐‐

2042 16.48 ‐‐ ‐‐ 4.72 ‐‐

2043 16.97 ‐‐ ‐‐ 5.20 ‐‐

2044 17.47 ‐‐ ‐‐ 0.99 ‐‐

2045 17.98 ‐‐ ‐‐ 1.51 ‐‐

2046 18.50 ‐‐ ‐‐ 2.03 ‐‐

2047 19.04 ‐‐ ‐‐ 2.57 ‐‐

2048 19.60 ‐‐ ‐‐ 3.13 ‐‐

2049 20.17 ‐‐ ‐‐ 3.70 ‐‐

2050 20.75 ‐‐ ‐‐ 4.28 ‐‐

2051 21.14 ‐‐ ‐‐ 4.67 ‐‐

2052 21.54 ‐‐ ‐‐ 5.06 ‐‐

2053 21.94 ‐‐ ‐‐ 5.47 ‐‐

2054 22.35 ‐‐ ‐‐ 5.88 ‐‐

2055 22.76 ‐‐ ‐‐ 3.94 ‐‐

2056 23.19 ‐‐ ‐‐ 4.36 ‐‐

2057 23.62 ‐‐ ‐‐ 4.80 ‐‐

2058 24.06 ‐‐ ‐‐ 5.23 ‐‐

2059 24.50 ‐‐ ‐‐ 5.68 ‐‐

2060 24.96 ‐‐ ‐‐ 6.14 ‐‐

Notes:

1. All projections are in million gallons per day (mgd) on an annual average daily value basis.

2. 2051 to 2060 projections have been extended from originally developed YRWSP projections; extension com

Water Supply Projections (Baseline)

Anson County 

Treated Supply 

(mgd)

Anson County Raw 

Supply (mgd)

CRWTP (Catawba 

IBT) Supply (mgd)

YRWSP Supply 

(mgd)

Planning 

Year

Union County ‐ 

Yadkin Service 

Area Water 

Demand 

Projection (mgd)

1.76 ‐‐ 3.18 ‐‐

1.76 ‐‐ 3.34 ‐‐

1.76 ‐‐ 3.54 ‐‐

1.76 ‐‐ 3.76 ‐‐

2.35 ‐‐ 3.41 ‐‐

2.35 ‐‐ 3.65 ‐‐

2.35 ‐‐ 3.90 ‐‐

2.35 ‐‐ 4.16 ‐‐

2.35 ‐‐ 4.43 ‐‐

2.35 ‐‐ 4.71 ‐‐

2.35 ‐‐ 5.00 ‐‐

2.35 ‐‐ 5.30 ‐‐

‐‐ ‐‐ 7.96 ‐‐

‐‐ ‐‐ 8.29 ‐‐

‐‐ ‐‐ 8.62 ‐‐

‐‐ ‐‐ 8.97 ‐‐

‐‐ ‐‐ 9.33 ‐‐

‐‐ ‐‐ 9.71 ‐‐

‐‐ ‐‐ 10.09 ‐‐

‐‐ ‐‐ 10.50 ‐‐

‐‐ ‐‐ 10.91 ‐‐

‐‐ ‐‐ 11.31 ‐‐

‐‐ ‐‐ 11.72 ‐‐

‐‐ ‐‐ 12.15 ‐‐

‐‐ ‐‐ 12.59 ‐‐

‐‐ ‐‐ 13.04 ‐‐

‐‐ ‐‐ 13.51 ‐‐

‐‐ ‐‐ 14.00 ‐‐

‐‐ ‐‐ 14.50 ‐‐

‐‐ ‐‐ 15.02 ‐‐

‐‐ ‐‐ 15.56 ‐‐

‐‐ ‐‐ 16.01 ‐‐

‐‐ ‐‐ 16.48 ‐‐

‐‐ ‐‐ 16.97 ‐‐

‐‐ ‐‐ 17.47 ‐‐

‐‐ ‐‐ 17.98 ‐‐

‐‐ ‐‐ 18.50 ‐‐

‐‐ ‐‐ 19.04 ‐‐

‐‐ ‐‐ 19.60 ‐‐

‐‐ ‐‐ 20.17 ‐‐

‐‐ ‐‐ 20.75 ‐‐

‐‐ ‐‐ 21.12 ‐‐

‐‐ ‐‐ 21.53 ‐‐

‐‐ ‐‐ 21.94 ‐‐

‐‐ ‐‐ 22.35 ‐‐

‐‐ ‐‐ 22.76 ‐‐

‐‐ ‐‐ 23.18 ‐‐

‐‐ ‐‐ 23.59 ‐‐

‐‐ ‐‐ 24.06 ‐‐

‐‐ ‐‐ 24.53 ‐‐

‐‐ ‐‐ 24.94 ‐‐

Water Supply Projections (Alternative 7)

Anson County 

Treated Supply 

(mgd)

Anson County Raw 

Supply (mgd)

CRWTP/CMUD 

(Catawba IBT) 

Supply (mgd)

YRWSP Supply 

(mgd)



2010 4.90 1.76 ‐‐ 3.18 ‐‐

2011 5.10 1.76 ‐‐ 3.34 ‐‐

2012 5.30 1.76 ‐‐ 3.54 ‐‐

2013 5.52 1.76 ‐‐ 3.76 ‐‐

2014 5.76 2.35 ‐‐ 3.41 ‐‐

2015 6.00 2.35 ‐‐ 3.65 ‐‐

2016 6.25 2.35 ‐‐ 3.90 ‐‐

2017 6.51 2.35 ‐‐ 4.16 ‐‐

2018 6.78 2.35 ‐‐ 4.43 ‐‐

2019 7.06 2.35 ‐‐ 4.71 ‐‐

2020 7.35 2.35 ‐‐ 5.00 ‐‐

2021 7.65 2.35 ‐‐ 5.30 ‐‐

2022 7.96 ‐‐ ‐‐ 0.91 ‐‐

2023 8.29 ‐‐ ‐‐ 1.23 ‐‐

2024 8.62 ‐‐ ‐‐ 1.56 ‐‐

2025 8.97 ‐‐ ‐‐ 1.91 ‐‐

2026 9.33 ‐‐ ‐‐ 2.27 ‐‐

2027 9.71 ‐‐ ‐‐ 2.65 ‐‐

2028 10.09 ‐‐ ‐‐ 3.04 ‐‐

2029 10.50 ‐‐ ‐‐ 3.44 ‐‐

2030 10.91 ‐‐ ‐‐ 3.85 ‐‐

2031 11.31 ‐‐ ‐‐ 4.25 ‐‐

2032 11.72 ‐‐ ‐‐ ‐‐ ‐‐

2033 12.15 ‐‐ ‐‐ 0.38 ‐‐

2034 12.59 ‐‐ ‐‐ 0.82 ‐‐

2035 13.04 ‐‐ ‐‐ 1.28 ‐‐

2036 13.51 ‐‐ ‐‐ 1.75 ‐‐

2037 14.00 ‐‐ ‐‐ 2.23 ‐‐

2038 14.50 ‐‐ ‐‐ 2.74 ‐‐

2039 15.02 ‐‐ ‐‐ 3.25 ‐‐

2040 15.56 ‐‐ ‐‐ 3.79 ‐‐

2041 16.01 ‐‐ ‐‐ 4.25 ‐‐

2042 16.48 ‐‐ ‐‐ 4.72 ‐‐

2043 16.97 ‐‐ ‐‐ 5.20 ‐‐

2044 17.47 ‐‐ ‐‐ 0.99 ‐‐

2045 17.98 ‐‐ ‐‐ 1.51 ‐‐

2046 18.50 ‐‐ ‐‐ 2.03 ‐‐

2047 19.04 ‐‐ ‐‐ 2.57 ‐‐

2048 19.60 ‐‐ ‐‐ 3.13 ‐‐

2049 20.17 ‐‐ ‐‐ 3.70 ‐‐

2050 20.75 ‐‐ ‐‐ 4.28 ‐‐

2051 21.14 ‐‐ ‐‐ 4.67 ‐‐

2052 21.54 ‐‐ ‐‐ 5.06 ‐‐

2053 21.94 ‐‐ ‐‐ 5.47 ‐‐

2054 22.35 ‐‐ ‐‐ 5.88 ‐‐

2055 22.76 ‐‐ ‐‐ 3.94 ‐‐

2056 23.19 ‐‐ ‐‐ 4.36 ‐‐

2057 23.62 ‐‐ ‐‐ 4.80 ‐‐

2058 24.06 ‐‐ ‐‐ 5.23 ‐‐

2059 24.50 ‐‐ ‐‐ 5.68 ‐‐

2060 24.96 ‐‐ ‐‐ 6.14 ‐‐

Notes:

1. All projections are in million gallons per day (mgd) on an annual average daily value basis.

2. 2051 to 2060 projections have been extended from originally developed YRWSP projections; extension com

Water Supply Projections (Baseline)

Anson County 

Treated Supply 

(mgd)

Anson County Raw 

Supply (mgd)

CRWTP (Catawba 

IBT) Supply (mgd)

YRWSP Supply 

(mgd)

Planning 

Year

Union County ‐ 

Yadkin Service 

Area Water 

Demand 

Projection (mgd)

1.76 ‐‐ 3.18 ‐‐

1.76 ‐‐ 3.34 ‐‐

1.76 ‐‐ 3.54 ‐‐

1.76 ‐‐ 3.76 ‐‐

2.35 ‐‐ 3.41 ‐‐

2.35 ‐‐ 3.65 ‐‐

2.35 ‐‐ 3.90 ‐‐

2.35 ‐‐ 4.16 ‐‐

2.35 ‐‐ 4.43 ‐‐

2.35 ‐‐ 4.71 ‐‐

2.35 ‐‐ 5.00 ‐‐

2.35 ‐‐ 5.30 ‐‐

‐‐ ‐‐ 0.91 7.06

‐‐ ‐‐ 1.23 7.06

‐‐ ‐‐ 1.56 7.06

‐‐ ‐‐ 1.91 7.06

‐‐ ‐‐ 2.27 7.06

‐‐ ‐‐ 2.65 7.06

‐‐ ‐‐ 3.04 7.06

‐‐ ‐‐ 3.44 7.06

‐‐ ‐‐ 3.85 7.06

‐‐ ‐‐ 4.25 7.06

‐‐ ‐‐ ‐‐ 11.72

‐‐ ‐‐ 0.38 11.76

‐‐ ‐‐ 0.82 11.76

‐‐ ‐‐ 1.28 11.76

‐‐ ‐‐ 1.75 11.76

‐‐ ‐‐ 2.23 11.76

‐‐ ‐‐ 2.74 11.76

‐‐ ‐‐ 3.25 11.76

‐‐ ‐‐ 3.79 11.76

‐‐ ‐‐ 4.25 11.76

‐‐ ‐‐ 4.72 11.76

‐‐ ‐‐ 5.20 11.76

‐‐ ‐‐ 0.99 16.47

‐‐ ‐‐ 1.51 16.47

‐‐ ‐‐ 2.03 16.47

‐‐ ‐‐ 2.57 16.47

‐‐ ‐‐ 3.13 16.47

‐‐ ‐‐ 3.70 16.47

‐‐ ‐‐ 4.28 16.47

‐‐ ‐‐ 4.67 16.47

‐‐ ‐‐ 5.06 16.47

‐‐ ‐‐ 5.47 16.47

‐‐ ‐‐ 5.88 16.47

‐‐ ‐‐ 3.94 18.82

‐‐ ‐‐ 4.36 18.82

‐‐ ‐‐ 4.80 18.82

‐‐ ‐‐ 5.23 18.82

‐‐ ‐‐ 5.68 18.82

‐‐ ‐‐ 6.14 18.82

Water Supply Projections (Alternative 11)

Anson County 

Treated Supply 

(mgd)

Anson County Raw 

Supply (mgd)

CRWTP (Catawba 

IBT) Supply (mgd)

YRWSP Supply 

(mgd)



--

5.00

10.00

15.00

20.00

25.00

30.00

2010 2020 2030 2040 2050 2060

W
at

e
r 

Fl
o

w
 (

m
gd

; 
an

n
u

al
 a

ve
ra

ge
 d

ay
) 

Projection Year 

Union County Yadkin Basin Water Demand & Supply -  
Alternatives 1, 2 & 4 

Union County - Yadkin Service Area Water Demand Projection (mgd) Anson County Treated Supply (mgd)

CRWTP (Catawba IBT) Supply (mgd) YRWSP Supply (mgd)



--

5.00

10.00

15.00

20.00

25.00

30.00

2010 2020 2030 2040 2050 2060W
at

e
r 

Fl
o

w
 (

m
gd

; 
an

n
u

al
 a

ve
ra

ge
 d

ay
) 

Projection Year 

Union County Yadkin Basin Water Demand  & Supply- 
Alternative 3 

Union County - Yadkin Service Area Water Demand Projection (mgd)

Anson County Treated Supply (mgd)

CRWTP (Catawba IBT) Supply (mgd)

YRWSP Supply (mgd)



--

5.00

10.00

15.00

20.00

25.00

30.00

2010 2020 2030 2040 2050 2060

W
at

e
r 

Fl
o

w
 (

m
gd

; 
an

n
u

al
 a

ve
ra

ge
 d

ay
) 

Projection Year 

Union County Yadkin Basin Water Demand & Supply - 
Alternative 5 

Union County - Yadkin Service Area Water Demand Projection (mgd) Anson County Treated Supply (mgd)

CRWTP (Catawba IBT) Supply (mgd) YRWSP Supply - Rocky River (mgd)



--

5.00

10.00

15.00

20.00

25.00

30.00

2010 2020 2030 2040 2050 2060W
at

e
r 

Fl
o

w
 (

m
gd

; 
an

n
u

al
 a

ve
ra

ge
 d

ay
) 

Projection Year 

Union County Yadkin Basin Water Demand & Supply - 
Alternatives 6 & 7 

Union County - Yadkin Service Area Water Demand Projection (mgd)

Anson County Treated Supply (mgd)

CRWTP/CMUD (Catawba IBT) Supply (mgd)

YRWSP Supply (mgd)



Crooked Creek 

WRF
2

Monroe WWTP ‐ 

UCPW Capacity
3

2010 1.0 1.0

2011 1.0 1.1

2012 1.0 1.2

2013 1.0 1.3

2014 1.1 1.4

2015 1.1 1.5

2016 1.2 1.6

2017 1.2 1.7

2018 1.3 1.9

2019 1.4 2.0

2020 1.5 2.1

2021 1.5 2.2

2022 1.5 2.4

2023 1.5 2.5

2024 1.5 2.6

2025 1.5 2.8

2026 1.5 2.9

2027 1.5 3.0

2028 1.5 3.2

2029 1.5 3.3

2030 1.5 3.4

2031 1.5 3.6

2032 1.5 3.7

2033 1.5 3.8

2034 1.5 4.0

2035 1.5 4.1

2036 1.5 4.2

2037 1.5 4.3 Notes:

2038 1.5 4.5 1. Wastewater flow projections are in units of million gallons per day, on  an average annual daily basis.

2039 1.5 4.6

2040 1.5 4.7

2041 1.5 4.9

2042 1.5 5.1

2043 1.5 5.3

2044 1.5 5.5

2045 1.5 5.6

2046 1.5 5.8

2047 1.5 6.0

2048 1.5 6.2

2049 1.5 6.4

2050 1.5 6.6

2051 1.5 6.7

2052 1.5 6.8

2053 1.5 6.9

2054 1.5 7.0

2055 1.5 7.1

2056 1.5 7.2

2057 1.5 7.3

2058 1.5 7.4

2059 1.5 7.5

2060 1.5 7.6

4. Projections for other small wastewater treatment facilities in Union County's Yadkin Basin service area (Grassy Branch WWTP, Olde Sycamore 

WWTP,  and Tallwood WWTP) have not been included in these projections as they are small package plant facilities.

Planning 

Year

Wastewater Flow Projections in 

Yadkin Service Area (mgd)1
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EXECUTIVE SUMMARY 

The Tillery Hydroelectric Development is located on the Yadkin-Pee Dee River in Stanly 

and Montgomery counties in south-central North Carolina.  Lake Tillery is the hydroelectric 

development’s reservoir and has almost 118 miles of shoreline.  The Tillery Development is part 

of the Yadkin-Pee Dee Hydroelectric Project (FERC Project No. 2206) which also includes the 

downstream Blewett Falls Hydroelectric Development.  The Yadkin-Pee Dee Hydroelectric 

Project is owned and operated by Progress Energy Carolinas, Inc. (PEC).   

PEC manages the shoreline to accommodate the variety of uses that take place within the 

Lake Tillery project boundary.  PEC actively manages shoreline activities at Lake Tillery through 

shoreline classifications, its lease
1
 program, dock permitting program, and “Guidelines for the 

Use of Leased Properties at Lake Tillery” (Appendix A).  PEC filed the initial Lake Tillery 

Shoreline Management Plan (SMP) in December 2001.  On November 24, 2004, FERC issued an 

Order approving the SMP with certain modifications.  The Order approved PEC’s commitment 

to update the Lake Tillery SMP every 10 years.  PEC is providing this update to comply with the 

10-year review period.  This Lake Tillery SMP fulfills PEC’s commitment to review and update 

the SMP every 10 years. 

PEC’s goal for the Lake Tillery SMP to balance the protection and enhancement of the 

environmental, scenic, and recreational values provided by Lake Tillery and the surrounding 

project lands, while ensuring the continued safe and reliable production of hydroelectric power at 

the project.  Specifically, this SMP provides a framework to assist in the protection of rare, 

threatened, or endangered species; wetlands; aquatic emergent vegetation; naturally vegetated 

buffers; and other important fish and wildlife habitats within the project boundary.   

This SMP includes a description of project operations and license requirements, as they 

affect the management of the shoreline of the Lake Tillery.  PEC has developed long-term 

management goals for the protection and development of its lands.  PEC’s goal in managing its 

lands and planning for the long-term use of its lands within the project boundary is to balance the 

competing interests that are vying for the resources offered by the Lake Tillery and its 

surrounding shoreline. 

As part of this SMP update, PEC has classified all of the land within the project boundary 

according to allowable uses.  The shoreline was first classified during development of the initial 

SMP using aerial photographs and on-site observations, as well as information about PEC leased 

lands.  The shoreline classification system was reevaluated and the number of classifications was 

reduced from 10 to 3 categories.  The purpose was to provide a more focused management 

approach while reducing confusion between the classifications for shoreline residents.  The three 

classification categories are:   

(1) Integrated Use—This classification acknowledges and accommodates the presence 

of existing uses and allows for potential future private, public and commercial uses.  These 

                                                           
1
 A lease is a written document by which the rights of use and occupancy of land and/or structures are transferred by 

the owner to another person or entity for a specified period of time in return for a specified rental.   
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shoreline areas have no known significant environmental/cultural resources or associated 

resource management goals that would preclude existing or future shoreline uses.  However, 

some of these shoreline areas may have environmental attributes that require certain additional 

protection guidelines for permitting of shoreline structures to occur (i.e., Impact Minimization 

Zones).   

(2) Resource Protection and Management—Shoreline areas designated for species 

protection and environmental purposes.  This classification is to protect habitat, areas of cultural 

significance, physical character, and aesthetic attributes of particular shoreline areas.  These areas 

may include wetlands, steep slopes, sensitive aquatic or terrestrial species or their habitat, and 

islands.  This designation is also applied to the shoreline bordering Morrow Mountain State Park.  

(3) Project Works—Shoreline areas that contain project infrastructure and have public 

access restrictions for safety, security, operational, or other constraints.  This classification 

includes project facilities such as public recreation sites and other civil-related infrastructure 

(e.g., bridges, transmission or gas line rights-of-way).  Project works includes shoreline areas 

reserved for uses associated with project operations or fulfillment of FERC license requirements. 

PEC also reviewed the most current ecological data for evaluating shoreline 

classifications and protecting the aquatic and terrestrial wildlife present within the project 

boundary.  PEC undertook a habitat mapping study during June through August 2011 to identify, 

map, and document locations for six different shoreline aquatic habitat types within the Lake 

Tillery project boundary.  This study was essentially the same as the habitat mapping study 

conducted in summer 2000 for the initial filing of the Tillery SMP.  PEC met with resource 

agencies on May 11, 2011, to discuss and receive comments in regard to the proposed study plan.  

It was agreed that repeating the study using similar methodology would allow a direct 

comparison in changes in shoreline aquatic habitat over the 10-year period between the two 

Tillery SMP filings.  This information, along with PEC management review, was used to review 

and revise, if necessary, shoreline classifications for all undeveloped lands on Lake Tillery.   

During the June through August period, PEC mapped 1,040 individual habitat units at 

Lake Tillery.  Study results indicated some changes in shoreline habitat over the 10-year period 

depending upon the habitat type.  Generally, the number and linear feet of most habitat types 

increased over the 10-year period.  Water willow beds greater than or equal to 100 square feet 

(management guidelines cut-off size) comprised more than 89 percent of the total number of 

mapped beds and more than 99 percent of the total mapped acreage.  Results of the study were 

used to re-classify some shoreline areas into the Resource Protection and Management 

classification (i.e., Environmental/Natural areas) or Impact Minimization Zone.  However, the 

study results also indicated that no significant changes were necessary for current 

Environmental/Natural or Impact Minimization Zone shoreline classification areas with the 

updating of the 2011 SMP.  The study results also indicated that the Guidelines used to guide 

shoreline permitting and development has been effective in protecting shoreline aquatic habitats 

in Lake Tillery over the past 10 years. 

PEC also contacted the North Carolina Natural Heritage Program to determine the 

locations of any state and federally listed rare species, high quality natural communities, and 
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significant natural heritage areas that have been identified in the vicinity of the Lake Tillery 

Development.  In addition, PEC also documented recreational usage for Lake Tillery and the 

opportunities for recreation and access that are located throughout the Lake Tillery Development, 

including commercial marinas, boat ramps, designated bank and pier fishing facilities, private 

recreation facilities, and Morrow Mountain State Park. 

PEC determined the locations of known cultural sites within one-quarter mile of the Lake 

Tillery project boundary.  There are 18 archaeological sites and 11 historic architectural sites 

documented.  PEC developed an Archaeological Sensitivity Model (ASM) based on known 

archaeological resources within or in proximity to the project boundary as part of the FERC 

relicensing effort.  The study was designed to assess the areas of low, moderate, or high 

archaeological sensitivity along the shoreline of Lake Tillery in Stanly and Montgomery counties.  

PEC retains the ASM information on file and monitors permit applications and construction to 

ensure that any potential impacts on archaeological resources are reviewed and addressed 

regarding any planned development or permits for construction within the project boundary.  If a 

lease application is submitted that may affect archaeological resources, PEC will direct the 

applicant to the SHPO for further consultation.  The applicant must seek concurrence from the 

SHPO on the measures needed to protect the site and provide a copy of the concurrence to PEC.  

PEC shall file for Commission approval any lease application submitted to it that affects cultural 

resources for which concurrence has not been obtained. 

PEC’s lake service’s personnel routinely monitor the Lake Tillery shoreline.  Included in 

this monitoring schedule are quarterly compliance inspections of the lake shoreline and permitted 

facilities.  These periodic inspections are performed to ensure compliance by all leaseholders as 

well as compliance of permitted construction activities as specified in the “Guidelines for the 

Use of Leased Properties at Lake Tillery.”  Additionally, these inspections provide a means to 

discover any encroachments within the Lake Tillery project boundary.  The PEC lease program 

provides for reasonable and responsible development of project lands. 

PEC meets with resource agencies and local county officials, as necessary, to discuss any 

shoreline management issues that may arise at Lake Tillery.  PEC’s Lake Services team 

addresses issues that may arise regarding shoreline management of Lake Tillery.  PEC also has 

the opportunity to review any of the comments that are received regarding development that 

requires a United States Army Corps of Engineers Section 404 permit.  PEC educates many of 

the leaseholders on the Lake Tillery SMP through the publication of informational articles in its 

annual newsletter.  PEC solicits the U.S. Fish and Wildlife Service and the North Carolina 

Wildlife Resources Commission for relevant information to include in the newsletter.  The 

newsletter is posted on the Company’s website at https://www.progress-

energy.com/commitment/community/real-estate/shoreline-management/tillery.page.  
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1.0 INTRODUCTION 

This Shoreline Management Plan (SMP) for Lake Tillery contains specific information 

addressing Federal Energy Regulatory Commission (FERC) requirements for SMP content.  

Section 1 provides background information on the regional setting, project operations, history, 

and purpose and goals of the SMP.  Section 2 describes the existing resource conditions of Lake 

Tillery and the surrounding environment, including water quality; aquatic resources; terrestrial 

resources; rare, threatened, and endangered (RTE) species; recreation; and cultural resources.  

Section 3 describes the shoreline habitat assessment, land use classifications, and shoreline 

management guidelines.  Section 4 describes efforts to consult with appropriate stakeholders 

including resource agencies, property owners, and the public, and Section 5 contains monitoring 

and enforcement measures for the SMP.  Provisions for providing information and education to 

property owners and the public are described in Section 6. The proposed SMP review and update 

process is contained in Section 7.  Section 8 contains references cited. 

1.1 Project Area Description 

The Tillery Hydroelectric Development is located on the Yadkin-Pee Dee River in Stanly 

and Montgomery counties in south-central North Carolina (Figure 1).  The Tillery Development 

is part of the Yadkin-Pee Dee Hydroelectric Project (FERC Project No. 2206), which also 

includes the downstream Blewett Falls Hydroelectric Development.  The Yadkin-Pee Dee 

Hydroelectric Project is owned and operated Progress Energy Carolinas, Inc. (PEC).  The 

primary purpose of the project is to provide peaking and load-following generation, and total 

generating capacity of the hydroelectric plant is 86 megawatts.  The Tillery Development began 

operation in 1928 and is located at about mile 218 on the Pee Dee River in the Piedmont region 

of North Carolina.  Lake Tillery is the hydroelectric development’s reservoir, and it has a normal 

pool elevation of 277.3
2
 feet above mean sea level.  

The Yadkin-Pee River Basin is the second largest river basin in North Carolina covering 

7,213 square miles as measured at the North Carolina-South Carolina state line (NCDWQ, 

2008).  The Yadkin-Pee Dee River originates near the town of Blowing Rock and flows 

northeasterly for about 100 miles from the Blue Ridge Mountains into the Piedmont 

physiographical region.  As the river turns southeast, it enters an area in central North Carolina 

that has experienced considerable urban growth.  This growing urban area extends from 

Charlotte to Raleigh/Durham and is known as the Piedmont Crescent (Appalachian State 

University, 1999).  Just to the south of the Piedmont Crescent, the region enters an area known as 

the Uwharrie Lakes Region.  This region is named for the chain of six hydroelectric reservoirs 

located along this reach of the Yadkin-Pee Dee River, two of which are Lake Tillery and Blewett 

Falls Lake.  It is in this region that the Uwharrie River joins the Yadkin River at the upper end of 

Lake Tillery to form the Pee Dee River. 

                                                           
2
 North American Vertical Datum (NAVD) 88 datum.  Unless otherwise noted, all data are NAVD 88 datum.  The 

NAVD 88 datum is 0.9 foot lower than the 1929 National Geodetic Vertical Datum (NAD 29). 
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Figure 1. Yadkin-Pee Dee River Project, Lake Tillery Development. 
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Lake Tillery extends approximately 15 miles upstream to the tailrace of the Falls Project 

powerhouse.  The lake has 117.8 miles of shoreline and a surface area of about 5,697 acres (PEC, 

2006a).  Islands comprise 41 acres in the lake.   

1.2 Project Operations and License Requirements 

The FERC license issued for the Yadkin-Pee Dee River Project, which includes the Lake 

Tillery Development, allows PEC to draw down the lake up to 22 feet.  PEC currently operates 

Lake Tillery within a 4 foot range under “normal” circumstances and the vast majority of the 

time operates within a 2 foot range.  Fluctuation of lake levels beyond 4 feet is considered 

atypical.  However, there are situations in which it becomes necessary to draw down lake levels 

beyond this range.  These situations are generally dependent upon inflow from the upstream Falls 

Lake.  Such events are infrequent and occur only when absolutely necessary for the operation or 

maintenance of the hydroelectric development.  The fluctuation of the reservoir under “normal” 

circumstances does not cause large-scale impacts and is not considered to have an effect on 

adjoining shoreline property.   

PEC has an agreement with the North Carolina Wildlife Resources Commission 

(NCWRC) to hold the elevation of Lake Tillery as constant as practicable during the largemouth 

bass spawning season (April 15-May 15).  Additional efforts are made by PEC staff during this 

period to keep the reservoir operating within 1 foot.   

FERC Order dated November 16, 2001 amended the license to include the FERC’s 

Standard Land Use Article as license Article 27. 

There are no other items in the project operations, original license, or amendments that 

affect management of the shoreline.  It should be noted that PEC has proposed new operating 

lake levels, recreational enhancements, and cultural resource management for Lake Tillery in the 

next license term; these are outlined in the Comprehensive Settlement Agreement (CSA) (PEC, 

2007); the FERC final environmental impact statement license recommendations (FERC, 2008); 

and the FERC Programmatic Agreement for cultural resources (FERC, 2009).  Any changes to 

lake levels, recreational areas, and cultural resources would be made upon the terms and 

conditions of the CSA stipulations and the new license, once issued by FERC. 

1.3 Purpose and Goals 

The purpose of the Lake Tillery SMP update is to: 

� update the existing Lake Tillery SMP, initially filed with FERC on December 28, 

2001, and subsequently approved in the FERC’s Order Modifying and Approving 

Shoreline Management Plan (issued November 24, 2004); 

� describe and update PEC’s shoreline management planning process including the 

Guidelines for the Use of Leased Properties at Lake Tillery (the Guidelines, 

Appendix A); and 

� document the stakeholder consultation process for updating the SMP. 
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PEC’s goal in managing its lands and planning for the long-term use of its lands within 

the project boundary
3
 is to balance the competing interests that are vying for the resources 

offered by the Tillery Hydroelectric Development and the Lake Tillery shoreline.  Within the 

context of the primary function to provide clean, renewable hydroelectric power, PEC manages 

these lands to serve the greater public interest, providing for recreational access, development of 

residential and commercial areas, preservation of important wildlife habitat, production of power 

needs, protection of cultural resources contained within the project boundary, and consideration 

of the aesthetic resources of the Tillery Hydroelectric Development.  This balance is maintained 

through the provisions of the SMP, enforcement of PEC’s Guidelines, consultation with 

interested parties, and the continued work of PEC to identify areas in need of resource protection 

within the project boundary. 

The specific goal in regard to the development of this SMP is to provide a mechanism to 

assist in the protection and enhancement of the environmental, scenic, recreational, and cultural 

resource values provided by Lake Tillery and the project lands, while ensuring the continued safe 

and reliable production of hydroelectric power at the Tillery  Development.  Specifically, this 

SMP will assist in the protection of rare, threatened, and endangered species, wetlands, aquatic 

emergent vegetation, naturally vegetated buffers, and other important fish and wildlife habitats 

within the project boundary. 

1.4 History of the Shoreline Management Plan 

PEC manages the shoreline to accommodate the variety of uses that take place within the 

Lake Tillery project boundary.  Through its lease program, dock and other structures permitting 

program, and Guidelines, PEC has actively managed shoreline activities at Lake Tillery 

since 2001. 

The initial Lake Tillery SMP was filed with FERC on December 28, 2001, in accordance 

with an Order issued by the FERC Division of Licensing and Compliance on September 20, 1999 

(CP&L, 2001).  FERC completed its environmental assessment of the filed SMP and issued an 

Order Modifying and Approving the SMP on November 24, 2004 (FERC, 2004).  In Section 7.0 

of the approved SMP, PEC, then known as Carolina Power & Light Company, proposed to 

update the Tillery SMP every 10 years.   

This SMP fulfills the commitment by PEC to update the SMP every 10 years (as dated 

from the initial PEC SMP filing on December 28, 2001).  This updated SMP includes:  

(1) a detailed description of the types and locations of existing land and water uses, 

fish and wildlife resources, and significant features or resources within the Tillery 

Development project boundary; 

(2) description of existing project operations and license requirements that relate to 

the management of Lake Tillery including adjoining shoreline property;  

(3) a description of the licensee’s efforts to obtain input from resource agencies, 

property owners, and the public on the development of the proposed shoreline 

                                                           
3
The perimeter of the Licensee’s property at Lake Tillery as shown in its license with the Federal Energy Regulatory 

Commission. 
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management plan;  

(4) a description of long-term management goals established for shoreline property 

and associated project resources;  

(5) a description of measures and general guidelines to be implemented at Lake 

Tillery to achieve stated management goals, such as land use classifications, 

identification of permitted and prohibited shoreline uses, general development 

standards, and specific measures to protect environmentally sensitive areas;  

(6) a description of monitoring and enforcement measures to be implemented at the 

Lake Tillery Development to ensure effective implementation of the SMP;  

(7) provisions to periodically review and update the SMP, including periodic 

consultation with resource agencies and other interested parties; and  

(8) provisions to provide information and education to property owners and the public 

of the goals and requirements of the SMP. 
 

2.0 DESCRIPTION OF NATURAL RESOURCES 

2.1 Water Quality 

Lake Tillery is a warmwater, moderately productive reservoir, with moderate amounts of 

nutrients and ions (PEC, 2006a).  The North Carolina Division of Water Quality (NCDWQ) has 

characterized Lake Tillery as mesotrophic in biological productivity according to a 1999 water 

quality assessment (NCDWQ, 2000).  The lake’s waters have a weak buffering capacity due to 

the low to moderate anion and cation concentrations.  The short hydraulic retention time of Lake 

Tillery Reservoir (average of 8.3 days at normal maximum operating pool elevation based on 

1983 to 2000 inflow data [PEC, 2006b]), coupled with the “filtering effect” of the four upstream 

hydroelectric reservoirs (i.e., High Rock Lake, Tuckertown Reservoir, Narrows Reservoir, and 

Falls Lake), influences the nutrient and solids concentrations, turbidity values, and the trophic 

status of the reservoir.  Water clarity of the lake is periodically influenced by precipitation-related 

events associated with tributary input and upstream contributions of sediment from the Yadkin 

River (PEC, 2006b).  NCDWQ also classified the lake as “fully supporting” its designated 

primary uses of recreation, swimming, and water supply (NCDWQ, 2010).  Lake waters are 

currently classified as WS-IV, B CA by NCDWQ (NCDWQ, 2011), which is suitable for 

drinking water supplies and other consumptive uses and primary and secondary recreation.  Since 

NCDWQ classified the lake as a WS-IV reservoir, land extending ½ mile from the edge of the 

normal lake elevation is further classified as a Critical Area which has more stringent allowable 

development activities than the rest of the watershed.  Lake Tillery currently provides drinking 

water supplies for Montgomery County and the city of Norwood.   

2.2 Aquatic Resources 

PEC characterized the fish community of the lake during the 2000-2002 period as part of 

the relicensing activities (PEC, 2006a) and NCWRC conducted ongoing fishery management 

assessments during the 2006 to 2008 period (Dorsey, 2008; Thompson 2009a, 2009b).  The lake 

currently supports a healthy sport fishery consisting of largemouth bass, striped bass, black 

crappie, white bass, white perch, channel catfish, and blue catfish, and several panfish species 

(Lepomis species or bream).  Fishery assessments conducted by PEC in 2000-2002 showed the 
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lake to be dominated by bluegill, other sunfish species, largemouth bass, white perch, yellow 

perch, threadfin shad, gizzard shad, white catfish, and channel catfish.  The total fish weight or 

biomass per surface area was comparable to other warmwater southeastern United 

States reservoirs.   

NCWRC is responsible for managing the sport fishery in Lake Tillery and has 

periodically stocked several species of sport fish in the lake since the 1950s to enhance the sport 

fishery.  Species that have been stocked in the lake and currently have viable populations are 

channel catfish, striped bass, white bass, bluegill, redear sunfish, and largemouth bass (PEC, 

2006a).  Prey species, threadfin shad and blueback herring have also been stocked in the Yadkin 

River Basin by NCWRC.  These two species have viable populations in Lake Tillery.  NCWRC 

has maintained a striped bass fingerling stocking program at the lake since the mid-1970s, and a 

put-and-take sport fishery for this species has developed in the lake. 

Fishery assessments were conducted by NCWRC for populations of striped bass and 

largemouth bass in Lake Tillery during 2006 (Dorsey, 2008; Thompson, 2009a), and crappie 

during 2008 (Thompson, 2009b).  In 2006, the striped bass population in Lake Tillery exhibited 

excellent body condition and fast growth by reaching the minimum size limit before age 2.  Many 

ages were present in the sample, indicating that high mortality (fishing and natural) is not a 

concern.  Growth rates remained high before leveling off after age 5.  This scenario is typical for 

Yadkin-Pee Dee River reservoirs (Thompson, 2009a).  The black crappie population of Lake 

Tillery had a high proportion of quality-size and larger fish that also had excellent growth rates 

based on the 2008 NCWRC survey.  Black crappies reached the minimum size limit by age 2.  

Young-of-year recruitment seems to be variable in Lake Tillery, with a strong year-class 

produced every few years which is commonly observed in crappie populations.  Lake Tillery 

continues to support a quality largemouth bass fishery.  There is a balance of fish above and 

below the minimum size limit and growth is average in comparison to other Piedmont reservoirs.  

Mean relative weight values for largemouth bass were comparable to other Piedmont North 

Carolina reservoirs.  

NCWRC has also installed and maintained artificial fish attractors at several sites within 

Lake Tillery to provide additional protective cover for fish and identified angling areas for 

public use. 

2.3 Terrestrial Wildlife Resources 

Lake Tillery and adjacent riverine areas of the Yadkin-Pee Dee and Uwharrie rivers 

provide habitat for large numbers of avian fauna (e.g., neotropical songbirds, waterbirds, 

waterfowl, and shorebirds), as well as a diverse herpetile and mammalian community.  This is 

due to the presence of several large contiguous tracts of forest land, wetlands, and other natural 

communities; the juxtaposition of several habitat types; and several high value wetland and 

terrestrial habitats.  A detailed description of the terrestrial resources of Lake Tillery and project 

lands can be found in PEC’s license application filed with FERC during April 2006 (PEC, 

2006c) and the Yadkin-Pee Dee Project final environmental impact statement subsequently 

issued by FERC (FERC, 2008).  Areas of highest wildlife diversity include the headwaters 

portion of Lake Tillery including the Morrow Mountain State Park area; Uwharrie River and 
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adjacent wetlands at the confluence with the Yadkin River in Lake Tillery; headwater portions of 

Jacobs Creek and Cedar Creek complex; and the Pee Dee River tailwaters below the Tillery 

Hydroelectric Plant. 

Spring bird surveys in May 2004 showed 601 and 659 species, at the Uwharrie 

River/upper Lake Tillery and the Tillery Dam tailwaters habitat areas respectively (PEC, 2006c).  

The bird species diversity in these two areas were the greatest observed at all monitoring stations 

located in the Yadkin-Pee Dee Project.  Surveys in spring 2011 reported the river between the 

town of Yadkin above High Rock Reservoir and Blewett Falls Lake now supports 11 occupied 

bald eagle territories that produced 17 chicks in 2011 (Watts, 2011).  This reach now supports 19 

great blue heron colonies that contained 1,096 pairs of great blue herons, 71 pairs of great egrets, 

and 85 pairs of double-crested cormorants (Watts, 2011).  In addition to these breeding birds, the 

system supports large numbers of wintering double-crested cormorants, waterfowl, and a 

growing number of white pelicans. 

During the 2011 survey, three great blue heron nesting colonies were located within Lake 

Tillery supporting 30 pairs of mating birds.  These nesting colonies have appeared since the 2005 

aerial survey and suggest expansion of the great blue heron population in the area. One small 

colony of two nesting pairs was located near Tater Top Mountain within Morrow Mountain State 

Park and outside the project boundary.  This nesting area was visible from the lake.  The 

shoreline adjacent to this nesting colony is classified as Resource Protection and Management 

and will not be developed.  The second nesting colony was located in loblolly pines along the 

shoreline near the mouth of Mountain Creek and within the project boundary.  The colony 

supported 18 mating pairs of great blue heron and is completely visible from the water.  The third 

colony supported 8 nesting pairs and is completely visible from the water.  This colony was 

located in loblolly pines along the east shoreline along a peninsula, near State Road 1111, and 

just downstream of the bald eagle nest.   

In addition, a very large colony of 147 nesting pairs of great blue herons is located along 

the west shoreline of the Pee Dee River tailwater of the Tillery Hydroelectric Plant.  Virtually all 

of these pairs were nesting in loblolly pines, and the colony appears to be completely visible and 

accessible from the water.  This nesting area has been in existence at least since 2001 and has 

expanded from 80 nesting pairs to the current 147 nesting pairs.  This area was classified as 

Resource Protection and Management, and this shoreline will not be developed. 

2.4 Rare, Threatened and Endangered Species and Special Natural Communities 

In updating the SMP, PEC contacted the North Carolina Natural Heritage Program 

(NCNHP) regarding rare, threatened, and endangered (RTE) species and significant natural 

communities within the project boundary.  NCNHP provided information about rare species, 

high quality natural communities, state park and recreation areas, and significant natural heritage 

areas in the vicinity of the project boundary.  Information received from NCNHP in regard to the 

area within a 1-mile radius of the shoreline.  For the purposes of this SMP, only the plant and 

animal species and habitats that occur within the project boundary are discussed.   
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Bald Eagle 

NCNHP has designated three areas of Lake Tillery as Bald Eagle (Haliaeetus 

leucocephalus) forage and nesting habitat (Appendix E).  These areas are:  (1) upper lake above 

the Uwharrie River confluence encompassing both shorelines including Morrow Mountain State 

Park lands; (2) mid-lake encompassing Morrow Mountain State Park to downstream of the 

Mountain Creek confluence; and (3) lower lake extending from Mountain Creek confluence to 

the downstream portion of the Pee Dee River.  Active bald eagle nesting sites are located within 

each of these areas.  The U.S. Fish & Wildlife Service (USFWS) removed the bald eagle from 

the federal list of threatened and endangered species on August 9, 2007.  After nearly 

disappearing from most of the United States decades ago, the bald eagle is now flourishing 

across the nation and no longer needs the protection of the Endangered Species Act (ESA) 

(USFWS, 2011).  However, the species has a threatened status under the North Carolina listing 

of protected species (NCNHP, 2010), and additional federal laws (i.e., Bald and Golden Eagle 

Protection Act and Migratory Bird Treaty Act) protect the species with emphasis during 

nesting periods. 

In Lake Tillery, bald eagle populations continue to increase since 2005 indicating that 

suitable habitat conditions are present for population sustainability and expansion since the initial 

SMP filing in 2001 (Watts, 2005, 2011).  Three active bald eagle territories were located with 

Lake Tillery during the 2011 breeding season. Collectively, these three nesting pairs of bald 

eagles produced seven chicks.  Two active nests were located within the upper portion of the lake 

on Morrow Mountain State Park lands outside of the project boundary.  The current and future 

land use of the adjacent lake shoreline area is classified as Resource Protection and Management, 

and this shoreline will not be developed.  One active nest was located within the lower portion of 

the lake along the east shoreline within the project boundary, west of State Road 1111, and 

directly across the lake from the mouth of Jacobs Creek.  This nest was close to adjacent 

development and within sight of a cul-de-sac and is surrounded by development that currently 

does not have any residences.  Potential for disturbance is higher at this nesting site as compared 

to the two nesting sites along the Morrow Mountain State Park shoreline.  PEC follows the 

USFWS National Bald Eagle Management Guidelines (USFWS, 2007) to protect perching and 

nesting areas within the project boundary.   

Yadkin River Goldenrod  

Yadkin River goldenrod (Solidago plumosa) is a state-listed endangered species and a 

Candidate species for federal listing (listed on May 11, 2005) under ESA (NCNHP, 2010; 

USFWS, 2010).  The Yadkin River goldenrod is only known to occur along the Yadkin River 

around rock outcrops along the shoreline and rocky shoals below the Narrows and Falls dams 

(APGI, 2006; FERC, 2008).  USFWS indicates that the species may benefit from periodic scouring 

which would prevent the establishment of other species without simultaneously eliminating 

previously established plants.  However, the species does not occur in frequently flooded habitats, 

and therefore appears intolerant of prolonged or frequent inundation (USFWS, 2010).  PEC, in 

cooperation with personnel with NCNHP, conducted a Yadkin River goldenrod survey in the 

upper portion of Lake Tillery on August 30, 2011.  This upper portion of the lake contains habitat 

(boulder outcrops) that is suitable for Yadkin River goldenrod inhabitation.   
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The survey found three separate clusters of Yadkin River goldenrod totaling 11 plants in 

this upper portion of the lake.  The first location (Area 1) was a large boulder outcrop about 0.5 

mile downstream of the Narrows Dam on the west shore of Morrow Mountain State Park.  Five 

plants were located along fissures in the boulder outcrop.  Most of the plants in this area were not 

in flower.  The second location (Area 2) was approximately 250 feet downstream of the Narrows 

Dam.  Four plants were located along the fissures of a large bedrock outcrop in the mid channel 

area of the Falls Dam tailwaters.  Most of the plants in this area were in flower.  The third 

location (Area 3) was located on a bedrock outcrop about 200 feet downstream of the Narrows 

Dam on the east shoreline.  Two non flowering plants were located on the bedrock outcrop that 

connects the river channel to the east shoreline.  The exact locations of these plant areas are not 

presented in a map in this SMP report due to the rare status of these plants and the sensitivity to 

protect the plants.  Areas 1 and 2 are located within the Tillery Development project boundary 

while Area 3 is located outside of the project boundary. 

PEC conducted previous surveys for Yadkin River goldenrod in this upper portion of 

Lake Tillery during 2002 and 2004 as part of relicensing studies (CP&L, 2002; PEC, 2003, 

2006a).  The relicensing surveys found a cluster of non-flowering plants in the same location as 

Area 1 described in the current survey.  Plants at Areas 2 and 3 were not reported in the 2002 or 

2004 surveys.  The cluster of plants located in Area 1 was initially documented by the North 

Carolina Plant Conservation Program during 1998 (CP&L 2002).   The largest known population 

of Yadkin River goldenrod exists in the upstream Falls Reservoir and tailwaters of the Narrows 

Hydroelectric Development (APGI, 2006; FERC, 2008; USFWS, 2010). 

These plants are located in a Resource Protection and Management area that will not be 

subject to shoreline development or private lease permitting.  Additionally, the plants are located 

in areas not subject to normal foot traffic from hikers using nearby Morrow Mountain State Park 

or the Uwharrie National Forest.  Access by boat is also somewhat difficult so these plants 

remain generally isolated from public viewing or tampering.  The location of these plants is 

outside the zone of influence by operations of the Tillery Hydroelectric Plant and not affected by 

project water level fluctuations (FERC, 2008).  These plants are likely periodically exposed to 

high flow events from upstream water releases during high precipitation and river basin inflows. 
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Figure 2. Yadkin River Goldenrod (in flower) located at Area 2 in Lake Tillery 

headwaters. 
 

Other Rare Animal and Plant Species and Unique Natural Communities 

Lake Tillery is home to a number of natural communities and rare plants and animals.  

NCNHP includes in its assessment of “rare” species, all species that are state and federally listed 

as endangered, threatened, species of concern, or candidates for listing.  The NCNHP listing for 

Lake Tillery and adjacent project lands includes 11 animal species, 16 plant species, and 14 

natural communities.  

The farthest upstream portion of the reservoir contains three natural communities and 

several rare plant and animal species (Appendix E).  This area falls within an undeveloped 

portion of the shoreline and is classified under Resource Protection and Management with the 

shoreline undeveloped.  The natural communities present are Basic Oak-Hickory Forest, Dry 

Mesic Oak-Hickory Forest, and Piedmont Mafic Cliff.  The headwaters of Dutch John Creek 

support a Mesic Mixed Hardwood Forest.  The rare plants in this area are the Carolina thistle 

(Cirsium carolinianum) (candidate for state-listing); Little sneezeweed (Helenium brevifolium) 

(state-listed, endangered); Hedge-nettle (Stachys sp. 1); Piedmont indigo-bush (Amorpha 

schwerinii) (state-listed, significantly rare); Schweinitz’s sunflower (Helianthus schweinitzii) 

(state- and federally listed, endangered); and the Yadkin River goldenrod (Solidago plumosa) 

(state-listed, endangered, and federally listed, species of concern).  Several rare mussels and fish 

inhabit this upper portion of Lake Tillery, including Eastern lampmussel (Lampsilis radiata), 

Eastern creekshell (Villosa delumbis), and Carolina redhorse (Moxostoma sp. 3).  The four-toed 

salamander has been documented downstream in wetlands associated with the Uwharrie River 

confluence, and the Timber rattlesnake (Croatulus horridus) inhabits upland areas of Morrow 

Mountain State Park. 
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Portions of shoreline along the mid-section of the reservoir support Dry Mesic Oak-

Hickory Forest, and Basic Oak-Hickory forest primarily associated with Morrow Mountain State 

Park (Appendix E).  The headwaters portion of Mountain Creek supports Piedmont/Low 

Mountain Alluvial Forest.  Portions of the shoreline that support these natural communities have 

also been classified under Resource Protection and Management. 

Two other locations of rare plant species are known to exist along the Lake Tillery 

shorelines.  The Piedmont indigo-bush is a state-listed significantly rare species that is found on 

the both sides of the reservoir, both north and south of the Highway 24/27 Bridge.  This area is 

largely developed residential area (Integrated Use).  The Georgia aster (Aster georgianus), a 

state-listed threatened species and federally listed species of special concern, is found on the east 

side just south of the Highway 24/27 Bridge, near the Swift Island boating access area. 

2.5 Nonnative Aquatic Vegetation Management Efforts 

Hydrilla, a nonnative aquatic plant, was discovered in Lake Tillery during the summer of 

2006.  Hydrilla is listed as a federal noxious weed, and is considered to be a major aquatic weed 

throughout the world’s warmer climates.  The plant forms stems reaching up to 35 feet long and 

dense mats that surround lake shorelines.  From its introduction to the United States through the 

aquarium trade in the early 1950s, the weed had spread by the 1990s to 21 states, including North 

Carolina and South Carolina.  In North Carolina, hydrilla has been documented in the nearby 

Catawba-Wateree and Cape Fear river basin as well as other reservoirs throughout the state.  

Hydrilla is able to quickly dominate freshwater ecosystems mainly by regrowth of stem 

fragments, and also reproduces by growth of axillary buds (turions) and subterranean tubers, 

which can remain viable for more than four years.  Hydrilla can tolerate a wide range of 

environmental conditions, including low light levels, high or low nutrient waters, and freezing 

temperatures.  Some of the known impacts of heavy hydrilla infestations include clogging of 

water intake systems and disruption of recreational boating activities. 

To control the spread of hydrilla, PEC has cooperatively worked with the North Carolina 

Division of Water Resources, NCWRC, North Carolina State University, U.S. Army Corps of 

Engineers, and Duke Energy.  These cooperating partners have formed the Lake Tillery Hydrilla 

Management Team and developed a management plan to guide the hydrilla control efforts for 

Lake Tillery (NCDWR et al., 2011). 

An integrated management plan of spot treatments with herbicide and stocking of sterile, 

triploid grass carp has been used to control hydrilla in Lake Tillery.  Control efforts began in 

2007 with herbicide treatments around the Swift Island boating access area and expanded to 

include stocking of sterile grass carp in 2009, 2010, and 2011 as well as continued herbicide spot 

treatments.  Control measures have been effective in reducing the amount of hydrilla in the lake.  

Grass carp grazing has also reduced other native submersed aquatic vegetation, which was 

anticipated by the Hydrilla Management Team during decision-making discussions regarding the 

introduction of grass carp into the lake. 

PEC plans to continue to coordinate hydrilla control efforts in Lake Tillery with the 

Hydrilla Management Team. 
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2.6 Recreation Resources 

There are a variety of recreational opportunities throughout the Lake Tillery development.  

In addition to formally designated sites, there are a number of informal, unmarked areas that offer 

opportunities for a rustic recreation experience.  Formal facilities exist in the form of marinas, 

public boat ramps, designated bank fishing facilities, private recreation facilities, and a state park.  

Informal opportunities exist at unmarked sites throughout the project where wildlife observation 

and fishing occur as well as other areas used informally for water or shoreline access. 

Commercial Marinas 

Four marinas are located on the Lake Tillery development:  Ken’s Landing, J & J Marina, 

Cook’s Marina, and Jordan’s Marina.  Services provided by the marinas include boat storage, 

fuel sales, boat repair, general merchandise and boat and Jet Ski rentals.  Two of the marinas, 

Cook’s Marina and Jordan’s Marina, are located near NCWRC public boat ramps.  J & J Marina 

is currently not in operation, but project lands are still under lease. 

Public Boat Ramps and Access Areas 

There are five public boat ramps on Lake Tillery, four of which are maintained by 

NCWRC on PEC lands that have been leased to them.  Morrow Mountain State Park operates the 

fifth area, which is also on PEC lands that have been leased to the North Carolina Division of 

Parks & Recreation.  The four boat ramps operated by NCWRC area are the Norwood access 

area, the Stony Mountain access area, the Swift Island access area, and the Lilly’s Bridge access 

area.  Morrow Mountain State Park operates and maintains the Morrow Mountain access area.  

PEC also maintains a canoe portage route from the west shoreline at the Tillery Dam downstream 

to the Pee Dee River.  Public signage marks the portage trail.  

Developed Fishing Areas 

The Lilly’s Bridge fishing pier is located directly across from the Lilly’s Bridge access 

area.  The area encompasses the old State Road Bridge No. 26, which has been decommissioned 

to vehicular traffic with the installation of a new bridge in 2007.  NCWRC maintains the area, 

and it is handicapped accessible.  PEC also maintains a small tailwater fishing deck on the east 

shoreline just below the Tillery Hydroelectric Plant. 

Private Recreation Facilities 

Several private recreation facilities are located at major subdivisions on Lake Tillery.  

These private facilities include areas at Woodrun, Holiday Shores, Sugar Loaf Shores, Carolina 

Forest, Bay Shore, Edge Water, The Cove, and Twin Harbor.  Developers of these projects and, 

subsequently, the homeowner associations, operate and maintain recreation facilities including 

boat ramps, dock facilities, swimming/beach areas, and boat storage. 
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Morrow Mountain State Park 

Morrow Mountain State Park is located in Stanly County on the upper northwestern 

section of Lake Tillery.  The park, which is the third oldest state park in North Carolina, was 

built in the Depression Era.  The park boundary encompasses approximately 5,000 acres and 

offers a scenic overlook of Lake Tillery from the top of Morrow Mountain.  Water-related 

recreation facilities at the park include a one-lane boat ramp, two docks, parking for about 35 

vehicles, a public fishing pier, and boat and canoe rentals.  Other recreation facilities at the park 

include primitive camping, cabins, a swimming pool, hiking and equestrian trails, picnic areas, a 

natural history museum, and an outdoor amphitheater. 

Informal Recreation Areas 

Informal unmarked recreation areas are scattered around the lake on PEC lands within the 

project boundary.  The major undesignated recreation areas associated with the Lake Tillery 

development project boundary include:  the Tillery Dam tailrace and tailrace fishing platform; the 

PEC lands leased to NCWRC on the west side of the reservoir just above the dam; and the PEC 

lands on Cedar Creek Bay near the intersection of State Roads 1740 and 1745.  The predominant 

activity at these sites is bank fishing. 

Recreation Use Levels 

PEC monitors recreational use of Lake Tillery through the FERC Form 80 reporting 

process.  This process involves a six-year cycle for reporting recreational use levels for all 

facilities within the project boundary.  The most recent Form 80 was filed with FERC in March 

2009 using existing data from the 2004/2005 recreational use assessment developed in 

conjunction with the relicensing effort (PEC, 2006a), adjusted and supplemented by additional 

data collected in 2008.  In preparation for the 2009 Form 80 reporting, PEC documented 

recreation visitation for the period of May 2008 through September 2008.  PEC estimated 

recreational use through updated recreational inventories at public access sites, aerial counts, and 

spot counts. Based on the 2009 Form 80 Recreation Report, total recreational use at Lake Tillery 

was estimated to be 49,190 recreation days, with a peak weekend average of 1,730 recreation 

days.  FERC defines “recreational day” as each visit by a person to a development [lake] for 

recreational purposes during any portion of a 24-hour period. 

The 2009 Form 80 report (PEC, 2009) concludes that recreational facilities have not 

reached the point of over-capacity.  The 2009 report states:  “None of the public access sites at 

Lake Tillery are within range of concern with respect to facility capacity.”   

PEC cooperates with the NCWRC to consider recreation facility needs, and it has 

committed to working with the NCWRC and other stakeholders to make several recreational 

access improvements at Lake Tillery following issuance of the new FERC license (PEC, 2007).  

These future improvements include:  (1) upgrading existing public boat access area facilities at 

Lilly’s Bridge, Swift Island, Stony Mountain, and Norwood; (2) funding of an Americans with 

Disabilities Act compliant public fishing pier at Stony Mountain access area; (3) funding a 

NCWRC enforcement facility at Stony Mountain access area; (4) constructing a new public boat 
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access at Clark’s Creek on the Pee Dee River below the Tillery Hydroelectric Plant; and (5) 

funding NCWRC operations and maintenance activities for the Lake Tillery public boat 

access areas. 

PEC will continue to monitor recreation usage on Lake Tillery and will work with 

NCWRC and local county officials on any issues that arise during the course of such monitoring.  

The next recreation study update is scheduled for 2014 in support of the Form 80 report due to be 

filed with FERC by April 2015. 

2.7 Cultural Resources 

PEC reviewed cultural resources information filed with the State Historic Preservation 

Office (SHPO) and FERC as part of the relicensing process to determine the extent of the 

cultural resources found within  656 foot buffer (200 meters) of the shoreline of the Lake Tillery 

development (Stallings, 2006; Whitley, 2006).  This area encompasses the Tillery project 

boundary.  There were 18 archaeological sites and 11 historic architectural sites documented in 

the review (Stallings, 2006; Whitley, 2006).  Due to the sensitive nature of these sites and their 

locations, the specifics of the sites will not be discussed here but are documented in reports 

completed as part of the project FERC hydro relicensing process (Stallings, 2006; Whitley, 

2006). 

The historic architectural sites identified by the SHPO records include Tillery (Norwood) 

Dam at the southern end of the impoundment, as well as Bridge No. 26 spanning Lake Tillery 

along State Road 1111 and the Swift Island Ferry Bridge at Highway 24/27.  These sites are 

located completely or partially within the project boundary.   

The Tillery Dam has been previously recorded as potentially eligible for the National 

Register of Historic Places (NRHP) by SHPO.  The Tillery Development, completed in 1928, 

includes distinctive characteristics such as its dam, gated spillway, powerhouse, and Art Deco 

design features on the old Administrative Building and Tool Shed (Stallings, 2006).  The Swift 

Island Bridge was constructed in 1927 as a replacement to a 1922 structure that required 

demolition due to impoundment of Lake Tillery.  The bridge is a reinforced concrete rib-arched 

open spandrel bridge.  Bridge No. 26 is an older bridge that was determined by the North 

Carolina Department of Transportation to be eligible for inclusion in the NRHP.  The bridge has 

been replaced by a new bridge for vehicular traffic using State Road 1111.  Currently, Bridge No. 

26 serves as a fishing area for the public and is accessed from the Lilly’s Bridge public 

access area. 

There are also nine additional sites located within 0.5 mile of the project boundary.  

These architectural sites include the Gladys Russell House, J.R. Snuggs House, Randall House, 

Randall Slave Cabin, Randall Church Community, Simpson Chase House, Rosenwald (Old 

Colored) School, Ingram Mill Road, and Morrow Mountain State Park (Stallings, 2006).  The 

Randle House and Randle Slave Cabin are the only two of these nine sites that have NRHP listed 

status.  All nine properties are located outside of the project boundary and fall beyond any 

measureable effect of the Tillery Development. 



 

15 

Lake Tillery is adjacent to one of the largest quarries in eastern North America in the 

upper portion of the lake.  A quarry is a location from which prehistoric groups excavated raw 

materials for making stone tools.  The quarry complex contains archeological sites from the 

Middle Archaic phase of history (approximately 5,000–9,000 years before present).  There are 

80 archaeological sites associated with this quarry.  The sites also correspond with the Morrow 

Mountain State Park and the Uwharrie National Forest.  These sites are outside of the Tillery 

project boundary. 

PEC developed an Archaeological Sensitivity Model (ASM) based on known 

archaeological resources within or in proximity to the project boundary as part of the FERC 

relicensing effort (Whitley, 2006).  The study was designed to assess the areas of low, moderate, 

or high archaeological sensitivity along the shoreline of Lake Tillery in Stanly and Montgomery 

counties.  The ASM provides a management tool for evaluating areas low, moderate, and high 

sensitivity of archaeological issues.  Highly sensitive areas are considered to be the highest 

priority for intensive archaeological survey and/or protection.  Moderately sensitive areas should 

be somewhat lower priority for survey and/or protection, while lower sensitivity areas should be 

very unlikely to produce intact or significant archaeological materials.  PEC reviews the ASM to 

assess requested permitting activities that may disturb land within the project boundary as well as 

conferring with the SHPO, as necessary.  The ASM has also been provided to the SHPO. 

PEC retains the ASM information on file and monitors permit applications and 

construction to ensure that any potential impacts on archaeological resources are reviewed and 

addressed regarding any planned development or permits for construction within the project 

boundary.  If a lease application is submitted that may affect archaeological resources, PEC will 

direct the applicant to the SHPO for further consultation.  The applicant must seek concurrence 

from the SHPO on the measures needed to protect the site and provide a copy of the concurrence 

to PEC.  PEC shall file for Commission approval any lease application submitted to it that affects 

cultural resources for which concurrence has not been obtained. 

PEC will work with the SHPO and other stakeholders to develop informational articles 

regarding cultural resources, as necessary, for the annual Lake Tillery newsletter.  The articles 

will be developed to educate and inform adjacent landowners as to the importance of protecting 

known archaeological sites and reporting any potential sites or artifacts that are discovered. 

3.0 SHORELINE MANAGEMENT 

3.1 Shoreline Habitat Assessment 

A shoreline aquatic habitat mapping study was conducted at Lake Tillery during June 

through August 2011 to assist in the updating of the SMP (Appendix B).  The study plan was 

developed through consultation with resource agencies and confirmed during a meeting on May 

11, 2011.  The 2011 study was based on a similar study conducted in 2000 for filing the initial 

Tillery SMP (CP&L, 2001) with FERC.  Similar study methods between the 2000 and 2011 

surveys allowed a comparison of any shoreline aquatic habitat changes over time with one 

exception.  Substrate classifications were not performed in 2011 because it was felt that substrate 

type would not substantially vary over the 10-year period between the studies.   
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Six habitat types, important to fish and wildlife were identified and mapped:  

(1) emergent-submerged wetlands aquatic vegetation, (2) water willow beds, (3) water willow-

submerged timber/woody debris, (4) submerged timber-woody debris, (5) fringed wetlands, and 

(6) scrub-shrub habitat. 

A total of 1,040 habitat type areas were mapped around the entire shoreline of Lake 

Tillery with water willow beds (86 percent of the total mapped habitat areas) the most frequently 

mapped habitat type.  Water willow was the habitat type that comprised the greatest amount of 

linear feet of shoreline mapped followed by emergent/submerged wetlands, scrub-shrub, and 

submerged timber-woody debris areas. 

Water willow beds were dispersed throughout the lake and commonly found along both 

developed and undeveloped shoreline areas.  There were 896 water willow beds mapped 

throughout Lake Tillery with a total area of 1,119,143 ft
2
 or approximately 26 acres.  The number 

of water willow beds ≥ 100 ft
2
 (shoreline management guidelines cut-off size) comprised 89.4 

percent (801 water willow beds) of the 896 mapped beds.  Water willow beds < 100 ft
2
 (95 beds) 

comprised 10.6 percent of the total mapped beds.  By area, water willow beds ≥ 100 ft
2 

comprised more than 99 percent of the total mapped bed acreage.  The total area of water willow 

beds decreased slightly (11.1 percent) from 28.9 acres (1,259,535 ft
2
) during the 2000 aquatic 

habitat mapping study compared to 25.7 acres in the 2011 study.  Water willow beds ≥ 100 ft
2
 

decreased about 3 acres from 2000 to 2011.  However, the number of individual mapped beds ≥ 

100 ft
2
 increased from 502 beds mapped in the 2000 study to 801 beds mapped in the 2011 study. 

Submerged timber-woody debris habitat areas were scattered throughout the lake 

shoreline with pockets of this habitat type primarily clustered in the upper portion of the lake on 

the Morrow Mountain State Park shoreline; in the middle reservoir area across from the Cedar 

Creek Complex arm of the lake; and in the lower lake adjacent to the Lower Richland Creek arm.  

This habitat type was associated with deep coves along undeveloped shoreline where trees had 

fallen into the water due to periodic high winds from storms.   

Water willow-submerged timber/woody debris areas were also scattered throughout the 

lake, and areas of this habitat type were most often found in the back of undeveloped coves 

where wave action accumulated woody debris.  Some areas of this habitat were also found along 

developed shoreline areas.   

Scrub-shrub habitat was frequently encountered in the upper portion of the lake due to the 

number of islands just below Falls Dam and the peninsula associated with the emergent-

submerged aquatic vegetation habitat located adjacent to the confluence with the Uwharrie River.  

This habitat type was also often associated with emergent-submerged aquatic vegetation habitat 

throughout the lake.  Scrub-shrub peninsulas resulted from the formation of sediment deltas at 

the confluence of lake tributaries.  

Fringed wetlands occurred infrequently throughout the lake along undeveloped shoreline, 

and patches of this habitat type were not concentrated in any particular area of the lake. 



 

17 

Emergent-submerged aquatic vegetation habitat areas were scattered throughout the lake 

and most commonly associated with undeveloped shoreline areas near the confluence of 

tributaries.  These areas are considered important because of the diversity of wetlands habitat 

present in these areas and the associated positive habitat value for fish and wildlife habitat.  

Notable areas of this habitat type were near the confluence of the Uwharrie River with the lake; 

Dutch John Creek; Mountain Creek; Jacobs Creek; Cedar Creek Complex arm, Richmond Creek; 

and Lower Richland Creek (upstream of the Lilly’s Bridge public boating access area). 

A diverse assemblage of plant and wildlife species were observed in all mapped habitat 

types during the study.  A total of 38 aquatic and riparian terrestrial plant taxa were observed for 

both water willow bed and water willow-woody debris habitat types; 39 plant taxa for the water 

submerged  timber-woody debris habitat type; 40 plant taxa for the emergent-submerged aquatic 

vegetation habitat type; 41 for the fringed wetland habitat type; and 55 plant taxa for the scrub-

shrub habitat type.  Generally, the number of aquatic plant species was greater for wetland types 

of habitat—emergent-submerged aquatic vegetation habitat and fringed wetlands habitat.  Scrub-

shrub habitat areas had a greater number of terrestrial riparian vegetation taxa compared to 

aquatic vegetation taxa. 

The number of all mapped habitat areas increased from 655 in 2001 to 1,040 in 2011 

(Table 1). Most habitat types increased from 2000 to 2011. Water willow beds had the greatest 

increase going from 561 beds mapped in 2000 to 896 beds mapped in 2011. Submerged timber 

woody debris habitat areas increased from 8 to 42; fringed wetland habitat areas increased from 

11 to 19; water willow-submerged timber/woody debris habitat areas increased from 35 to 42; 

emergent-submerged vegetation habitat areas increased from 15 to 16. The scrub shrub habitat 

type remained unchanged from 2000 to 2011 with 25 habitat areas mapped.  

The linear amount of shoreline coverage by all habitat types increased from 188,868 feet 

mapped in 2000 to 190,284 feet in 2011 (Table 1). Submerged timber-woody debris linear 

shoreline coverage increased by 70.2 percent; fringed wetland coverage increased by 44.1 

percent; and scrub shrub coverage increased by 17.3 percent. Water willow-submerged 

timber/woody debris coverage decreased by 46.6 percent; water willow bed linear shoreline 

coverage decreased by 5.4 percent; and emergent-submerged aquatic vegetation linear shoreline 

coverage decreased by 0.7 percent. 

Spatial changes in habitat types from 2000 to 2011 showed no consistent pattern 

throughout the lake.  Increases of submerged timber-woody debris occurred mainly along 

undeveloped shoreline in the main lake.  Spatial changes in water willow beds were a result of 

either smaller beds previously mapped or new beds observed in 2011 when compared to the 2000 

habitat distribution.  There were no discernable spatial patterns in changes with the other habitat 

types during the 11-year period. 
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These results indicated that no significant changes were necessary for identified 

Environmental Natural or Impact Minimization Zone shoreline classification areas with the 

updating of the 2011 SMP. The study results also indicated that the Guidelines used to guide 

shoreline permitting and development have been effective in protecting shoreline aquatic habitats 

in Lake Tillery over the past 10 years. 

Table 1. Comparison of shoreline aquatic habitat types mapped, 2000 versus 2011, 

and the percent increase or decrease of mapped habitat units and mapped 

linear shoreline distance. 

 

 

 

 

 

 

Habitat 

Type 

 

 

 

2000 

Number of 

Mapped 

Units 

 

 

 

2011 

Number of 

Mapped 

Units 

 

Percent 

Increase (+) 

or Decrease 

(-)  in 

Mapped 

Units 

 

2000 

Total 

Linear 

Distance 

(Feet) of 

Mapped 

Habitat 

 

2011 

Total 

Linear 

Distance 

(Feet) of 

Mapped 

Habitat 

Percent 

Increase (+) 

or Decrease 

(-)  in 

Linear 

Distance of 

Mapped 

Habitat 

Emergent-

submerged 

vegetation 15 16 

 

 

+6.7 52,681 52,304 

 

 

-0.7 

Scrub-shrub 

units 25 25 

 

No change 22,552 26,463 

 

+17.3 

Water 

willow beds 561 896 

 

+59.7 81,001 76,631 

 

-5.4 

Water 

willow-

submerged 

timber-

woody 

debris 35 42 

 

 

 

 

-20.0 16,290 8,697 

 

 

 

 

-46.6 

Submerged 

timber-

woody 

debris 8 42 

 

 

+42.5 10,096 17,186 

 

 

+70.2 

Fringed 

wetlands 11 19 

 

+72.7 6,248 9,003 

 

+44.1 

Total 

mapped 

habitat 

units 655 1,040 

 

 

+58.5 188,868 190,284 

 

 

+0.8 

 

3.2 Shoreline Classifications 

The shoreline was first classified during development of the initial SMP using aerial 

photographs and on-site observations, as well as information about PEC leased lands which 

loosely amounted to existing uses.  In the 2001 SMP, there were approximately 59.6 miles of 
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shoreline classified as Residential, 17.8 miles as Environmental/Natural, 14 miles as Impact 

Minimization Zone (IMZ), 11.7 miles as Undeveloped Public Recreation, 8.8 miles as Other 

Potential Development, 2.1 miles as Agriculture, 1.4 miles as Commercial, 1.1 miles as Project 

Operations, 0.9 miles as Public Infrastructure, and 0.7 miles as Developed Public Recreation for 

a total of approximately 118 miles of shoreline.  As part of this SMP update, PEC classified all 

of the land within the project boundary according to allowable uses.  This evaluation of the 

shoreline classification system resulted in a reduction of the number of classifications (which 

dictate the allowable uses of the shoreline) from 10 classifications to 3 classifications.  These 

classifications are Integrated Use (which includes Impact Minimization Zones), Resource 

Protection and Management, and Project Works.  Table 2 compares the old classifications with 

the new classifications and the shoreline totals of each.  Figure 3 shows the locations of the 

shoreline classifications around the reservoir including where slight changes in shoreline 

classifications have occurred as part of this update.  The purpose of condensing the 10 

classifications into 3 was to provide a more focused management approach while reducing 

confusion among the classifications for shoreline residents.   

Integrated Use—This classification acknowledges and accommodates the presence of 

existing uses and allows for potential future private, public, and commercial uses.  These 

shoreline areas have no known significant environmental/cultural resources or associated 

resource management goals that would preclude existing or future shoreline uses.  The integrated 

use classification, as shown in Table 2, combines the 2001 SMP classifications of Residential, 

Commercial, Agricultural, Public Infrastructure, and IMZs unless otherwise noted.  These lands 

are managed to accommodate reasonable demands for public and private uses within the 

guidelines of the SMP permitting program (Guidelines), included in Appendix A.  

Some of these integrated use shoreline areas may have environmental attributes that 

require certain additional protection guidelines for permitting of shoreline structures to occur and 

have therefore been classified as Integrated Use - Impact Minimization Zones (IMZ).  The 

Integrated Use/IMZ Guidelines (Appendix A, Attachment E) offer an increased level of 

protection to these areas. Disturbance, including shoreline clearing and modification, impacts to 

aquatic vegetation beds (including the removal of submerged woody debris), construction of 

piers, and other activities within IMZs requires the approval of the Lake Services staff.  Permit 

applications must include an impact minimization plan that contains measures to avoid, 

minimize or mitigate impacts to important environmental features within the IMZ.  

Any use of PEC lands are at the discretion of Lake Services, however Lake Services 

could approve, through the permit process, certain types of use including improvements and/or 

construction of water dependent structures (e.g., boat slips, piers, decks) with a combined square 

footage not to exceed 1,200 square feet except in the IMZ sub classification where the combined 

square footage cannot exceed 800 square feet.  See Appendix A for additional specifications 

related to allowable and unallowable uses on PEC property.   

Resource Protection and Management—Shoreline areas designated for species 

protection and environmental purposes.  This classification is to protect habitat, cultural 

significance, character, and aesthetic attributes.  These areas may include wetlands, steep slopes, 

sensitive aquatic or terrestrial species or their habitat, and islands.  This classification also 
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includes shoreline areas with significant RTE species habitat or known presence of communities 

of RTE species.  This designation is also applied to the shoreline bordering Morrow Mountain 

State Park. The Resource Protection and Management classification, as shown in Table 2, 

combines the 2001 SMP classifications of Environmental Natural areas and Undeveloped Public 

Recreation.  There also has been an addition of nearly 1 mile of shoreline to this classification 

between the 2001 SMP and this SMP update.  The Resource Protection and Management 

classification is for preservation, therefore no water dependent structures, removal of vegetation, 

dredging or filling, alteration of shoreline features, or construction of any structure will be 

permitted in these areas.   

Project Works—Shoreline areas that contain project infrastructure and have public 

access restrictions for safety, security, operational, or other constraints.  Also includes project 

facilities such as public recreation sites and other civil-related infrastructure (e.g., bridges or 

transmission or gas line rights-of-way).  Project works includes shoreline areas reserved for uses 

associated with project operations or fulfillment of FERC license requirements. The Project 

Works classification combines the 2001 SMP classifications of Project Operations and 

Developed Public Recreation plus about 0.03 mile of additional shoreline that was misclassified 

in the 2001 SMP (Table 2).   

Figure 3 shows the location of each land classification: Integrated Use, Integrated Use-

IMZ, Resource Protection and Management, and Project Works along the shoreline of Lake 

Tillery.  
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Table 2. Current shoreline land use classification totals. 

Shoreline Classification 

(2011) 

Previous Classification 

(2001 SMP) 

Shoreline 

Miles 

Percent of 

Shoreline 

Miles 

Integrated Use 

Commercial 1.4 1.2 

Residential 59.6 50.5 

Agriculture 1.6 1.4 

Other Potential Development 8.8 7.4 

Public Civil Infrastructure  0.9 0.8 

Impact Minimization Zones 13.7 11.6 

Total Integrated Use 85.9 72.9 

Resource Protection & 

Management 

Environmental Natural Areas 17.8 15.1 

Other Potential 

Development
a 

<0.01 < 0.01 

Agriculture
a 

0.5 0.4 

Project Operations
b 

0.4 0.4 

Undeveloped Public 

Recreation  

11.7 10.0 

Total Resource Protection & Management 30.4 25.8 

Project Works 

Project Operations 0.7 0.6 

Developed Public Recreation 0.8 0.7 

Residential
c 

0.03  < 0.01 

Total Project Works 1.5 1.3 

Total  117.8
 

100 

 
a  

The aquatic habitat mapping study identified this segment of shoreline in need of protection. 
b 

The tailrace shoreline was adjusted to a more restrictive classification. 
c 

The Norwood Recreation Access Area was incorrectly classified as Residential in the 2001 

SMP. 
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Figure 3. Shoreline classifications of Lake Tillery - Sheet 1 of 2. 
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Figure 3. Shoreline classifications of Lake Tillery - Sheet 2 of 2. 



 

 

3.3 SMP Guidelines  

PEC manages the project in accordance with the terms of its license and the applicable 

FERC rules and regulations.  This responsibility includes providing adequate public access and 

public recreation facilities, and protecting important natural, environmental, and scenic 

resources.  PEC allows public access to project lands and waters, so far as it is consistent with the 

proper operation of the project, for purposes of navigation and recreation.  Along the shoreline, 

PEC lands are both managed by PEC and leased to private entities.  For the leased lands PEC has 

developed a publication entitled “Guidelines for the Use of Leased Properties
1
 at Lake Tillery” 

(Appendix A).   

The following activities always require a written permit
2
 from PEC: 

(a) Construction—construction or modification (reconstruction, repairs, additions, or 

expansion) of any structures, roads, or access pathways within the project 

boundary. 

(b) Shoreline Stabilization—construction, installation, and modification of riprap, 

retaining walls, or other forms of shoreline stabilization measures, including 

shoreline plantings. 

(c) Shoreline Alteration (Modification and Fill) —removal, addition, or alteration 

of any natural features of the project and the shoreline within the project boundary 

including sediment, soil, and rock. 

(d) Vegetation Removal—removal of any vegetation, living or dead, within the 

project boundary. 

(e) Shoreline Clean-up—removal of dead or fallen trees, “lap trees”, or other woody 

or natural debris that exists in the project boundary 

(f) Vegetative Plantings—planting of any vegetation, including but not limited to 

shrubs, hedges, flowering plants, native vegetation, etc. within the project 

boundary. 

 

Removal of floating debris and shoreline litter (that poses an imminent threat to life or 

property), such as floating logs, paper, plastic, and other unnatural forms of garbage or debris, 

does not require PEC approval as long as the method of removal complies with the other 

requirements of the Guidelines.  

4.0 CONSULTATION WITH STAKEHOLDERS (RESOURCE AGENCIES, 

PROPERTY OWNERS, AND THE PUBLIC) 

As part of developing the SMP, PEC provided resource agencies and local government 

officials with the opportunity to meet and comment on the methods used in developing aspects of 

the plan.  PEC met with resource agencies on May 11, 2011, to review the content and schedule 

for updating the Tillery SMP.  This meeting included a field site visit to Lake Tillery to view 

various shoreline classifications and natural features of the lake.  During this meeting, the aquatic 

habitat mapping study methods, including proposed habitat classifications, were discussed with 

these stakeholders.  Agencies that were represented at the meeting included NCWRC, NCDWQ, 

                                                           
1
 The location where rights of use or occupancy has been transferred from lessor (landlord) to lessee (tenant). 

2
 Authorization by one party of a certain activity by another party. 



 

 

North Carolina Division of Parks & Recreation, NCNHP, Montgomery County Government, and 

Stanly County Government.  The NC Division of Water Resources and USFWS were invited to 

the meeting but were unable to attend due to schedule conflicts. 

On June 15, 2011, PEC included a SMP update notice with the annual lease billing 

invoices to all lake property owners around Lake Tillery.  The notice included information on the 

SMP process and schedule and provided information on where to locate the draft SMP update on 

PEC’s company website.  The website also provided a means for stakeholders to submit 

comments on the update SMP via email or through regular U.S. Postal Service.  Property owners 

were also notified of the SMP update through the annual newsletter published by PEC, which 

was distributed in May 2011 (PEC, 2011).   

On October 3, 2011, PEC distributed a draft copy of the updated SMP to agencies for 

review and comment.  Property owners were mailed postcards prior to posting the draft SMP on 

the PEC website to notify them of the availability of the Plan for review and comment. In 

addition, hard copies of the draft SMP were made available at the Tillery Plant and at the Stanley 

and Montgomery County library reference desks for those residents without computer or internet 

access.  Comments were received from NCDWQ, NCWRC, NCNHP, and NCDWR.  Letters of 

appreciation for being included in the consultation process but without a specific comment were 

received from NCSHPO and the USFS.  The full consultation record as well as PEC’s response 

is included as Appendix F Stakeholder Comments and Progress Energy Carolinas Response 

Matrix. 

5.0 MONITORING AND ENFORCEMENT MEASURES  

PEC’s Lake Services staff routinely monitors the Lake Tillery shoreline, including annual 

quarterly shoreline inspections during the spring, summer, fall, and winter seasons.  

Post-construction inspections are also made on any new construction activities or modifications 

to existing structures.  This monitoring is performed to ensure compliance by all leaseholders 

with all of the provisions of applicable permits and PEC’s Guidelines.  Any use of or change in 

the features or vegetation on project lands and waters without specific authorization from PEC is 

prohibited and considered an encroachment.  Such activities requiring specific authorization from 

PEC include, but are not limited to: 

(a) construction, installation, or placement of structures, including retaining walls; 

(b) construction of roads, sidewalks, or pathways; 

(c) clearing or disturbance of land; 

(d) logging or removal of trees and vegetation; 

(e) installation of pipes and or pumps; and 

(f) dumping in the reservoir or on project lands. 
 

Under its FERC license, PEC has the authority to permit limited development activities 

around the shoreline of Lake Tillery and to convey certain interests in project lands and waters; 

however, PEC must ensure the protection of public recreation opportunities, aesthetic beauty, 

environmental features, and power production capability at the project.  For those purposes, PEC 

has the continuing responsibility to supervise and control the uses and occupancy for which it 

grants permission, and to monitor the use of, and ensure the compliance with, any leases and 

permits it has conveyed under its FERC license.   



 

 

PEC has two types of applications:  a shoreline access lease application, and a facilities 

permit application (see Appendix A, Section 15.0, Glossary, for definition of each application).  

The application process for both begins with communication with PEC’s Lake Service staff.  

Both types of applications require PEC approval, and PEC reserves the right to determine the 

type of facilities used in any new development or modification to an existing development.  In 

deciding whether to grant permission, PEC will balance the desires of the lessees and applicants 

with environmental values, public good, and other project purposes.  Each proposed activity will 

be evaluated according to these guidelines.  If a permitted use or occupancy violates any 

conditions of PEC’s FERC license or any other condition imposed by PEC for the protection and 

enhancement of the project’s scenic, recreational, or other environmental values, or if the terms 

of the permit are violated, PEC will take lawful actions necessary to correct the violation. 

PEC may authorize certain activities to be carried out within the project boundary by 

issuing a construction or activity permit.  Other than public recreational use of the project 

through public access areas, any non-project uses or activities on project lands or waters requires 

a written permit from PEC and may not commence until the permit is written.  PEC has 

information on file in regard to the cultural resources within the project boundary.  PEC will 

monitor permit applications and construction to be sure that sensitive areas are avoided.  If a 

permit application is submitted that affects any of the archaeological sites, PEC will direct the 

applicant to consult with the North Carolina SHPO.  Some of the activities for which permits are 

most often requested are summarized below.  PEC reserves the right to refuse to grant an activity 

permit in the event that the applicant has not complied with any of the Guidelines.  Ownership of 

a lot on the reservoir or lease of property from PEC does not guarantee the property owner or 

lessee the right to make alterations to PEC lands, including the cutting of vegetation, dredging 

and filling, or construction of any structure without specific written authorization from PEC, 

which may also require federal and/or state permits.  All applications will be evaluated on a case-

by-case basis. 

If a construction or activity permit is issued, all work must be done in compliance with 

the terms of the permit; the Guidelines; and other PEC policies, procedures, and requirements.  

The applicant is responsible for correcting or removing any unauthorized activity or structures.  

Permits are of limited duration and are terminable by PEC in accordance with their terms.  

Changing conditions or other factors may lead PEC to refuse to renew an activity permit or to 

terminate an activity permit. 

In addition to administering the Guidelines, leases, and permit applications, PEC 

continually monitors its shoreline including all leased lands. 

6.0 PUBLIC OUTREACH AND EDUCATION  

PEC is able to educate many of the leaseholders on Lake Tillery shoreline management 

topics through publication of its annual newsletter, the Lake Tillery Newsletter and through the 

use of the Lake Tillery website (https://www.progress-energy.com/commitment/community/real-

estate/shoreline-management/tillery.page.).  The Lake Tillery Newsletter is generally published 

once per year and is sent to all leaseholders.  Recent issues of the newsletter have provided 

information about land issues at Lake Tillery; hydrilla infestations in the lake; policies for tree 

removal on PEC property; trees and plants that can be used for lake landscaping; safe boating 



 

 

tips; the Guidelines; historic sites; Morrow Mountain State Park; and the Uwharrie National 

Forest.  PEC will continue to publish the newsletter as an educational and informational tool. 

PEC has also produced Landscaping with Native Plants in a Riparian Buffer Area 

(Appendix C).  This document is distributed to lessees of land within the Lake Tillery project 

boundary.  PEC uses the document to educate these individuals about the advantages of using 

native plants to vegetate the area around the lake.  PEC encourages its leaseholders to landscape 

using naturally occurring vegetation.  In addition, PEC uses the document to explain the benefits 

to wildlife of using native plants to landscape.  PEC has also published a list of nonnative plants 

(published by the North Carolina Native Plant Society) that should be avoided when landscaping 

shoreline property (Appendix D).  

PEC used the Lake Tillery Newsletter to inform leaseholders about the SMP update effort 

and included contact email and phone numbers for those interested in participating.  To inform 

property owners of the goals and requirements of the updated SMP, PEC will devote a section of 

its annual 2012 newsletter to the SMP update changes.  The issue will include the executive 

summary of the SMP and will provide information about where the entire SMP report can be 

found on the PEC website (see Appendix A, Guidelines, for current contact information).  

7.0 SMP REVIEW AND UPDATE PROCESS 

The Tillery SMP will be subject to periodic PEC internal review.  PEC also proposes to 

continue updating the Tillery SMP every 10 years.  The update will include consultation with 

resource agencies, local governmental officials, leaseholders, and the public.  Further, the update 

will incorporate any revisions that are deemed necessary to protect the public recreation 

opportunities, aesthetic beauty, environmental features, and power production capability at the 

Tillery Development.  Finally, those applicable environmental, recreational, and cultural 

provisions stated in PEC’s CSA (PEC, 2007) and required in the future new FERC license will 

be implemented and integrated into the overall SMP process. 
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Guidelines for the Use of Leased Properties at Lake Tillery 

1.0 Purpose 

These guidelines are intended to help lessees and potential lessees understand policies for permitting 

activities within areas leased around Lake Tillery. The Tillery Hydroelectric Development generates 

electricity under a license granted by the Federal Energy Regulatory Commission (Yadkin-Pee Dee 

Hydroelectric Project, FERC License No. 2206). FERC allows the license holder to permit limited 

development activities around the shoreline of Lake Tillery. A leasing program is established to ensure the 

protection of public recreation opportunities, aesthetic beauty, environmental features, regulatory 

compliance and power production capability at the project. The leasing process for multi-slip facilities 

requires agency review and approval by FERC, while only select residential facilities require agency review 

(examples: seawalls, dredging and riprap) (see Section 15,0, Glossary,  Page 14 for definitions of lease 

and facility types). The Project Owner (Licensee) reserves the right to determine the type of facilities used 

in any development or commercial entity. In deciding whether to grant permission, the Licensee will 

attempt to balance the requests of the lessees and applicants with the environmental and aesthetic 

values, recreational use, public good and other project purposes while meeting regulatory requirements. 

Each proposed activity will be evaluated according to these guidelines as interpreted by the Licensee. 

 

It should be noted that some areas around Lake Tillery are not available for leasing. Private ownership of 

a lot adjacent to Lake Tillery does not guarantee that a lease will be granted for use of the Licensee’s 

shoreline property. Shoreline leases and permitted activities are a privilege, not a right. Contact Lake 

Services with questions or concerns regarding these matters. 

 

2.0 Goal 

The Licensee’s goal with these guidelines is to provide a mechanism to assist in the protection and 

enhancement of the environmental, scenic and recreational values provided by Lake Tillery and the 

project lands, while ensuring the continued safe and reliable production of hydroelectric power at the 

project and compliance with regulatory requirements. 

 

3.0 General Guidelines 

3.1 These guidelines are not intended to be all-inclusive.  

 

3.2 These guidelines are subject to revision at the Licensee’s discretion. 

 

3.3 Use of leased property will be evaluated on a case-by-case basis. 

  

3.4 Any property owner who wishes to construct facilities or engage in any land-disturbing activity 

(including altering or impacting any vegetation) on leased property must apply for a permit). 

 

3.5 Any improvements on leased property, including the cutting of vegetation, dredging and filling, 

alteration of shoreline features, or construction of any structure without specific written authorization from 

Lake Services is prohibited. 

 

3.6 All activities must comply with applicable building codes and other regulatory requirements. 

  

3.7 Lessees within identified Impact Minimization Zones (IMZ) must comply with the lease guidelines, 

including the IMZ Guidelines located in Attachment E, which contain additional requirements. 

 

3.8 For private facilities, a current, paid-in-full, compliant residential lease must cover the leased property. 
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3.9 Construction of private facilities will be permitted only if the associated area owned by the lessee has 

been improved by the construction of a single-family or multi-unit dwelling and at least a portion of the lot 

is within 200 feet of the water’s edge at lake elevation 277.3 feet MSL. No permits will be issued for vacant 

lots, undeveloped sites or lots with less than 100-feet of linear shoreline with the exception of pre-existing 

situations where leases were granted prior to the “lot improvement” requirement. 

  

3.10 For private facilities, the allowable combined square footage of all water-dependent structures is 

dependent upon the classification of the impacted shoreline and may be limited by the length of leased 

shoreline but shall not exceed 1,200 square feet. For shoreline within an IMZ, the maximum allowed 

square footage over water is 800 square feet. (Attachment E identifies other restrictions in IMZs). 

  

3.11 All land disturbance and construction activities and the placement of water-dependent facilities 

should be done in such a manner as to avoid, if possible, and minimize impacts to all leased land, 

including aquatic habitat and terrestrial habitats, especially water willow beds greater than or equal to 100 

square feet, forested shorelines, and submerged woody debris. 

 

3.12 On some subdivision maps on Lake Tillery, the project property associated with a lot is indicated by 

dotted or solid lines that extend from the lot across company property to or into the water of Lake Tillery. 

On other subdivision maps that do not allocate the company property, the lot sidelines should be extended 

to make the allocation. All facilities located on company property should be within the confines of these 

lines (either on land or over water) whether they are indicated or must be extended. Placement of new 

structures or additions/modifications to existing structures cannot be within 5 feet of the allocation lines. 

The company reserves the right to determine the location of facilities between the allocation lines. Any 

deviation from these guidelines should only occur when a recorded encroachment agreement between the 

affected parties permits such an occurrence. If two or more parties are unable to agree on the company 

land associated with their lot, the Licensee has the sole right to take those actions necessary to resolve 

the disagreement. 

  

3.13 When a new lease is granted or a lease is transferred, a lease application fee is required. There is 

also a yearly rental fee based on lot frontage on the waterward side of land along the Licensee’s property 

boundary. The minimum lease fee is for frontage of 100 feet or less along the company’s project 

boundary. If the frontage is greater than 100 feet, there is an additional fee per 10 feet or portion thereof. 

(See Attachment C – Fee Schedule for rates). 

  

3.14 All activities within the project boundary are subject to the license and other regulations and orders as 

dictated by FERC. 

 

3.15 The Licensee reserves the right for its representatives to enter any and all leased areas without 

notice or constraint. 

 

Property owners must receive written approval from Lake Services before beginning any improvements 

within the leased area. This requirement applies to all facilities on the land or over the water. Written 

approval must also be obtained from Lake Services prior to beginning activities such as, but not limited to, 

dredging and filling or vegetation removal and/or treatment in the water or on the Licensee’s land. Failure 

to get such written approval from Lake Services prior to conducting unauthorized activities on leased 

property could result in a fine, legal action by the Licensee or affected regulatory agencies and 

cancellation of the lease. 
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4.0 The Application Process 

The application process begins by visiting the Lake Services website or by contacting a Lake Services 

representative (see Attachment A – Contact Information). There are two types of applications. 

 

4.1 Lease Application Process – The lease application process begins by visiting the Lake Services 

website to print a lease application form or contact a Lake Services representative to request a lease 

application form. This application must be completed to obtain a lease for access to Licensee’s property 

between Lake Tillery and the adjoining property. The lease is required prior to any activities taking place 

on the Licensee’s property and over the water. After the lease application form is completed, along with all 

requested information, please return to the address listed in Attachment A and allow a minimum of 10 

business days for a reply. 

  

4.2 Facility Permit Application Process – The facility permit application process begins by visiting the Lake 

Services website to print a facility application form or contact a Lake Services representative to request a 

facility application form. This application must be completed to obtain a permit to construct a facility or 

modify Licensee’s shoreline. Prior to submitting this application a lease must be on file with the Licensee. 

 

After the application form is completed and returned, along with the required items, a Lake Services 

representative may meet with you on your property to review your relevant drawings and discuss 

requirements and guidelines. 

 

Once the applicant has satisfactorily provided the required items to the Lake Services representative, the 

applicant must obtain a completed Permit Letter from Lake Services. The Permit Letter is required to 

obtain a building permit from the county. 

 

Note: The Licensee reserves the right to disapprove, reject or modify any proposed construction plans if 

the proposed construction is deemed to be unsafe for the general public, doesn’t exhibit sound 

construction methods or is determined to adversely impact environmental aquatic or terrestrial habitats. In 

addition, the Licensee could reject or modify the proposed construction plans if it is determined that the 

appearance of the completed structure would not be compatible with the Licensee’s stated goal of 

protecting aesthetic values of the Tillery project, if the structure could adversely impact the surrounding 

property value or if the structure does not comply with applicable regulations. 

 

The Licensee reserves the right to make periodic inspections of permitted activities or facilities during and 

after construction to ensure compliance with permit conditions. After construction is completed, notify Lake 

Services, and a representative will make the final inspection to verify compliance with the facilities Permit 

Letter terms and conditions. 

 

5.0 Guidelines Regarding Soil Disturbance 

No heavy equipment or soil disturbance is allowed on leased property without written permission from 

Lake Services. Proper installation of silt fences for erosion control is required to prevent runoff and 

sedimentation impacts to waterways. Dredging may occur only when the necessary local, state, federal 

and Lake Services approvals are secured. Due to fish spawning and peak recreational activity, dredging is 

prohibited from March 1 through September 15. 

 

6.0 Guidelines Regarding Vegetation 

Vegetation is important to the aesthetic qualities and environmental health of Lake Tillery. In addition to 

enhancing the natural beauty of the lake, terrestrial and aquatic vegetation help prevent water pollution 
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and provide habitats for birds, mammals and fish. These guidelines are intended to provide lessees the 

opportunity to use the Licensee’s property appropriately, while protecting the natural environmental 

characteristics and vegetated shoreline of Lake Tillery. 

  

6.1 Vegetative Buffer 

In addition to the primary purpose of electric power generation, Lake Tillery is also used as a source of 

public water for many residents in the adjacent counties. North Carolina water quality regulations 

applicable to Lake Tillery require that a vegetative buffer zone be maintained adjacent to the shoreline to 

provide protection from erosion and runoff pollution. State and federal resource agencies support the 

buffer zone concept and the Licensee encourages the buffer zone be maintained on private lands where 

the buffer zone extends beyond the Licensee’s project boundary. State regulations require a buffer zone, 

which extends a minimum of 30 horizontal feet from the shoreline as measured from the water’s edge at 

normal full lake elevation. In addition, Lake Tillery is classified as a Water Supply-IV reservoir, land 

extending ½ mile from the edge of the normal lake elevation is further classified as a Critical Area with 

more stringent allowable development activities than the rest of the watershed. The following guidelines 

regarding vegetation and land disturbance apply to property leased within the Tillery Hydroelectric Project: 

  

6.1-1 The Licensee requires that no ground-disturbing activities of the project land are permitted without 

Lake Services approval. Unless written permission is secured from a Lake Services representative, do not 

remove leaf litter, disturb root mats or use any equipment other than hand tools in this area. 

 

6.1-2 The Licensee requires that at least 75 percent of the leased area remain completely undisturbed. 

This means the cutting or removal of vegetation (except under special permit from Lake Services) will not 

be allowed on 75 percent of the leased area, except for pruning up to a height of 10 feet per accepted 

arboricultural standards. The intent is to provide lessees the opportunity to use the Licensee’s property 

appropriately, while protecting the natural environmental characteristics and vegetated shoreline of Lake 

Tillery. 

  

6.1-3 Within the 25 percent of the leased area where disturbance is allowed and consistent with state 

regulations, limited clearing for visual and physical access to the water is permitted, but large trees and 

shrubs must be retained. No tree larger than 3 inches in diameter as measured at a height of 4.5 feet 

above the ground shall be removed unless the tree is dead, dying or poses a safety hazard. Written 

approval is required prior to the removal of any trees. 

 

6.1-4 The Licensee reserves the right to plant or require the planting of native vegetative materials within 

the leased area. The Licensee may require, at the leaseholder’s expense, the removal of any 

unauthorized improvements and restoration of leased land to a natural state. 

 

6.1-5 The Licensee prohibits the removal of existing submerged woody debris with a diameter of 10 

inches or greater at the base of the trunk from the lake, unless such debris constitutes a navigational or 

public safety hazard. Lake services must approve removal of such woody debris from the lake. Woody 

debris that falls into the lake as a result of storms or natural occurrence should be left in place, unless 

such debris constitutes a navigational or public safety hazard. Woody debris that has broken loose from 

submerged trunks and is floating in such a manner that constitutes a navigational or safety hazard may be 

removed from the lake. In the placement and construction of new docks, these facilities should be placed 

to minimize removal of woody debris. Lessees may be required to mitigate at a 2:1 ratio for removal of 

woody debris from the lake in nearby areas, depending upon the type and age of submerged woody 

debris. Such mitigation may include, but is not limited to, the design and construction of a fish-friendly pier. 
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6.1-6 The Licensee requires landscaping with native plants. For more information, see Attachment D – 

Plant Lists of the Lake Tillery Shoreline Management Plan, call the Lake Services or contact your local 

county Extension Agent. 

 

6.1-7 The use of non-native, invasive species for planting is prohibited (See Attachment D – Plant Lists for 

prohibited plants). 

 

6.2 Pesticides, Herbicides and Fertilizers – The use of pesticides, herbicides and fertilizers by anyone 

other than the Licensee’s personnel or authorized applicators is prohibited on leased property. 

  

6.3 Aquatic Vegetation – Aquatic vegetation is beneficial for a healthy lake ecosystem and will be 

protected. It is important for fish cover, spawning, feeding, rest and rearing areas and provides food for 

other animals, such as waterfowl and wading birds. However, some noxious and non-native aquatic 

weeds (for example, Hydrilla) in the Licensee’s lakes, reservoirs and impoundments have the potential to 

negatively impact company operations, authorized public recreation, water quality and/or the aquatic 

populations of these water bodies. Also, they may threaten the water resources used by the public. 

  

Water willow beds are of high aquatic habitat value in Lake Tillery and any type of vegetation control 

method on this vegetation by the general public is expressly prohibited. Any willful non-permitted acts of 

removal of water willow or vegetation within Resource Protection and Management will be penalized and 

require mitigation. Lake services may authorize removal of water willow in areas where there is an 

expansion or encroachment of a bed into an existing navigational channel or for shoreline stabilization.  

 

Lake services will require mitigation by the lessee if construction activities significantly impact water willow 

beds. Such mitigation may include, but is not limited to, construction of a fish-friendly pier or funding the 

establishment of a water willow bed in another area of the lake, preferably an adjacent or nearby area. 

Significant impact is defined as a disturbance within the lot allocation area that impacts more than 25 

percent of the surface area of an existing water willow bed that is equal to or greater than 100 square feet. 

The measure of the impacted area will be determined by the amount of water willow covered by any 

structure, except walkways constructed under IMZ guidelines.  

 

In order to reduce or eliminate the impact and threat of noxious aquatic weeds in the Licensee’s lakes, 

reservoirs and impoundments, it is the policy of the Licensee to implement or recommend, when 

appropriate, the best available technology for weed control when any of the above-mentioned impacts are 

demonstrated. These measures may include, but are not limited to, accepted chemical, biological and 

physical control techniques. Any control measures implemented will be done so only after consideration of 

all known factors and after consultation with appropriate state agencies having jurisdiction. In warranted 

cases, Lake Services may provide written permission for noxious and non-noxious aquatic weed control to 

a lessee, provided the lessee uses an approved, licensed aquatic pesticide applicator and obtains written 

approval from the appropriate state (i.e., N.C. Wildlife Resource Commission) and federal resource 

agencies. The lessee and applicator will be responsible for any impacts to the aquatic environment that 

occurs as a result of negligence, improper application or unexpected consequences. 

 

Lessees may not use aquatic herbicides, stock grass carp or use other biological or mechanical control. 

Only licensed herbicide applicators will be allowed to apply herbicides to public waters and, under 

circumstances of written permission from Lake Services, the lessee and applicator must consult with 

appropriate resource agencies prior to application. Additional restrictions regarding the use of any 

herbicides by licensed applicators may be applicable to drinking water supply reservoirs, such as Lake 

Tillery. 
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6.4 Bald Eagle and Blue Heron Nesting and Perch Sites 

Management of the project lands for bald eagles and blue heron will be consistent with the requirements 

of the Bald Eagle Protection Act and the Migratory Bird Treaty Act. To accomplish this, the Licensee 

follows the recommendations of the U.S. Fish & Wildlife Service’s “National Bald Eagle Management 

Guidelines” (May 2007).  

  

Eagles and blue herons nest and roost in large trees, primarily pine trees. Leaving these larger trees will 

benefit populations of both species and ensure sufficient locations for these species to nest, roost and 

perch around the edge of the lake. Therefore, no trees greater than 3 inches in diameter as measured at 

the height of 4.5 feet above the ground shall be removed from leased land unless the tree poses a public 

safety hazard. Written approval from Lake Services is required prior to the removal of any trees. 

  

6.5 Danger Tree Removal Process 

Prior to the removal of a tree larger than three inches in diameter as measured at the height of 4.5 feet 

above ground, permission must be granted from Lake Services. To request a tree to be removed, please 

provide the following information to Lake Services (review section 6.1 for compliance): 

• A written request (email is acceptable), stating the reason for removal 

• Drawing of lease area showing property lines, allocation lines, boat house, shoreline and location 

of tree/s to be removed 

• Pictures of tree/s to be removed  

• A letter signed by a Certified Arborist stating the reason the tree should be removed (not required 

but will expedite the process) 

 

Upon receipt of this information, a Lake Services representative will visit the site if necessary to determine 

the extent of damage to the tree. If it is determined the tree can be removed, a letter will be mailed from 

Lake Services granting permission to remove the requested tree/s.  

 

Any tree removed from leased property must be replaced with one that is native to the area (refer to 

Attachment D – Plant Lists).  

 

7.0 Guidelines Regarding Shoreline Stabilization 

Seawalls, bulkheads and similar structures are sometimes used to prevent shoreline erosion. Lake 

services prefer the use of native shoreline vegetation to control erosion. For appropriate indigenous 

species, contact your local county extension agent. Riprap is preferred to stabilize eroding shoreline, as 

compared to bulkheads or seawalls, because the placement of riprap along a severely eroded shoreline 

can enhance the protective habitat for fish. Bulkheads and seawalls offer very little in terms of aquatic 

habitat value. The following guidelines will apply for the construction of seawalls: 

  

7.1 Any land-disturbing activity on leased land, including the shoreline, requires prior written approval. 

Appropriate measures are required to prevent erosion and are evaluated on a case-by-case basis. 

 

7.2 Facilities approval forms are required for the repair, maintenance or construction of seawalls. 

  

7.3 Riprap material on the waterward side of seawalls (3 feet at base extending back to seawall on a 2:1 

slope) is required for the enhancement of fish habitat, except where the slope of the lake bed is greater 

than 2:1. The U.S. Army Corps of Engineers and the N.C. Division of Water Quality regulate the 

placement of stone or other materials into water. Compliance with these agencies’ requirements is a 

prerequisite to receiving approval from Lake Services. 
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7.4 Riprap without a seawall will be permitted only with a filter cloth barrier.  

 

7.5 Seawalls must be constructed of pressure-treated lumber, interlocking stone or other approved 

materials. Railroad ties, metal, rubber or other non-approved materials will not be permitted. The use of 

creosote-treated wood is expressly prohibited. 

  

7.6 The height of seawalls shall conform to the natural contour of land, but in no case shall seawalls be 

higher than 5 feet. Fill material behind seawalls shall be gravel, quarry stone or soil. Brick or block is not 

allowed. 

 

7.7 Seawalls cannot be used to extend the shoreline into the lake or raise the natural contour of leased 

property. 

 

7.8 No walkways are allowed on the landward side of seawalls. 

  

7.9 Hardwood mulch or vegetative ground cover in previously disturbed areas in combination with the 

planting of species native to the area is acceptable for the stabilization of the shoreline. 

 

8.0 Guidelines Regarding Dredging  

Do not deposit or remove any soil from leased property, including the lake, prior to obtaining Lake 

Services’ written approval. Permission from the State Historic Preservation Office (SHPO), U.S. Army 

Corps of Engineers and the N.C. Division of Water Quality is required for dredging or excavation within the 

lake. General dredging guidelines include, but are not limited to: 

  

8.1 Dredging is not permitted from March 1 through September 15 when fish-spawning activity is the 

greatest and there is peak recreational activity. 

 

8.2 It is the Licensee’s intent that only materials that have silted into the lake be removed from the lake. 

 

8.3 Written approval must be obtained from Lake Services prior to any alteration of the shape of the 

shoreline and said alteration must comply with U.S. Army Corps of Engineers guidelines. 

  

8.4 Dredging is not permitted in aquatic emergent/submerged vegetation beds (for example, water willow) 

equal to or greater than 100 square feet in surface area, except as required to maintain boating access. 

 

8.5 Dredging is not permitted in IMZs or Resource Protection and Management areas. 

  

8.6 All dredged material must be properly disposed and completely removed from leased property. No 

material (including: trash, yard waste, leaves, grass, garbage, food waste, fish parts or animal waste) shall 

be left on leased property or disposed into lake waters. 

 

9.0 Guidelines for Private Facilities 

9.1 Boathouses, Boat Slips, Piers and Decks – Private piers, boathouses and other water-dependent 

structures are permitted for the convenience of the landowner and are a privilege, not a right. To enhance 

public safety and visibility of the shoreline and water, only single-story, open-sided boathouses will be 

permitted for use by private property owners. Lake services will examine the plans for each structure 

before permitting. The following guidelines apply: 

  



 

11 

 

9.1-1 The allowable combined square footage of all water-dependent structures is dependent on the 

length of leased shoreline and shall not exceed 1,200 square feet, except in IMZs where the upper limit is 

800 square feet. (This does not include seawall square footage.) The 1,200 square feet is the footprint of 

the facilities over the water. An uncovered slip is counted as square footage. 

  

9.1-2 Piers or other docking structures may not extend more than 100 feet from the shore. In cove areas, 

the dock must not present a hazard to navigation, with the maximum length of the dock to be established 

in writing by Lake Services. As a general guide, a structure should not obstruct more than 1/3 the width of 

the cove to protect public access and safety and protect aesthetic values of the lake shoreline. Lake 

services reserves the right to disallow the location of structures in coves whose width is 45 feet or less. 

Placement of structures or additions/modifications to existing structures cannot be within 5 feet of the 

allocation lines unless written permission from Lake Services is received. 

  

9.1-3 All fixed structures over water must be at least 1 foot above full pool in areas designated for 

development. See IMZ Guidelines (Attachment E) for requirements for structures permitted in areas 

designated as IMZs. New construction must be 3 feet above normal full pool elevation if constructed over 

water willow beds greater than 100 square feet in area. 

  

9.1-4 All structures built over the water must have adequate reflectors at corners and every 10 feet in 

between for safety purposes. The state of North Carolina recommends white reflectors. 

  

9.1-5 Docks and piers may be stationary or floating, but floatation devices must be of encapsulated 

Styrofoam or polystyrene, as approved by the U.S. Army Corps of Engineers. 

 

9.1-6 Benches, guardrails and other attachments on docks, piers or decks over water must not 

significantly obstruct views. 

  

9.1-7 Boathouses may not be shared or co-owned by adjoining lot owners without receiving prior written 

approval from Lake Services and recording of appropriate legal documentation of the terms and 

conditions of said joint ownership. 

  

9.1-8 Boathouses must be constructed of wood or other approved materials. Metal or shingles may be 

used on the roof of a boathouse while metal siding, vinyl and wood may be used on the sides of storage 

rooms. The color of materials used should be natural, neutral or earth tone. 

  

9.1-9 No living, sleeping, cooking, heating, cooling, plumbing facilities or refrigerators are permitted within, 

adjacent to or above boathouses or otherwise on leased property, except for existing commercial leases. 

  

9.1-10 The external dimensions of enclosed storage areas associated with boathouses must not exceed 

80 square feet and must be located on the landward side of piers, deck areas and boathouses. The use of 

boathouse storage areas for items other than those associated with swimming, boating, skiing and fishing 

is prohibited. The storage of fuel or any other petroleum supply and yard treatment chemicals and 

fertilizers is prohibited. 

 

9.1-11 Decks shall be constructed of wood or other environmentally acceptable materials as approved by 

Lake Services. 

  

9.1-12 Every effort should be made to minimize incidental disturbance of aquatic vegetation due to 

approved activities. Placement of boathouses should avoid impacting water willow beds or other 
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significant aquatic vegetation beds that are equal to or greater than 100 square feet by siting the facility 

outside of such beds or by traversing the water willow bed at the end points rather than the middle of a 

bed. Walkways must be 3 feet above normal full pool elevation and no more than 5 feet wide to permit 

sunlight penetration to the water willow bed. Placement of boathouses or docks should also take into 

account the shading effect of such structures relative to sun exposure. Lake services may require 

mitigation by the lessee if construction activities significantly impact water willow beds. Such mitigation 

may include, but is not limited to, construction of a fish-friendly pier or funding the establishment of a water 

willow bed at an adjacent area. Significant impact is defined as disturbance within the lot allocation area 

that impacts more than 25 percent of the surface area of an existing water willow bed that is equal to or 

greater than 100 square feet. The measure of the impacted area will be determined by the amount of 

water willow covered by any structure, except walkways constructed under IMZ Guidelines. Other 

restrictions will apply for water willow beds located in IMZs. 

 

9.1-13 Lake services may authorize the removal of water willow in areas where there is an expansion or 

encroachment of a bed into an existing navigational channel or facility. 

  

9.1-14 Deck/roof combinations, widow’s watch or second floors of any type including stairs or ladders to 

access the roof are prohibited. Roof design may be gable or hip style.  

  

9.2 Walkways – Lake Services may permit the limited construction of walkways within the leased area. 

Walkways must either have natural ground cover or be constructed of open-slatted, pressure-treated 

wooden or composite materials, follow the contour of the land and must lead to a pier or boathouse. 

Access to the shoreline shall be by pathway no wider than 5 feet. An elevated walkway to the boathouse is 

permitted where need for handicap accessibility is certified in writing by a medical doctor.  

  

9.3 Fences – Fences within the leased area can be constructed with Lake Services’ prior written 

permission, but in no case are fences permitted on leased property within 30 feet of the shoreline. New 

fence installation, including the placement and selection of construction materials, must take into account 

aesthetic values.  

 

9.4 Items Prohibited on Leased Property (not intended to be all-inclusive) 

1. Septic Systems – The Licensee does not allow the placement of any septic system components 

on its property by Residential lessees. Any existing septic system components located on the 

Licensee’s property that fail or are in need of repair must be removed.  

2. Swimming pools 

3. Storage buildings or other structures except as permitted in boathouses 

4. Houses, including residential roof overhangs 

5. Asphalt or concrete driveways or walkways 

6. Porches or other attachments to residential structures 

7. Decks or patios on land 

8. Garages or carports 

9. Wells, pumps or other methods of water withdrawal without prior written permission from a Lake 

Services representative 

10. Animal lots and houses 

11. Television or radio satellite dishes or towers 

12. Encroachments on adjoining leased areas unless a specific recorded encroachment agreement 

exists between the affected parties 

13. Electrical service that does not meet National Electric Safety Code requirements 

14. Facilities that represent health and safety hazards 
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15. Commercial activities without Lake Services’ written permission 

16. Assignment or subletting of leases without prior written approval 

17. Storage of vehicles or other material 

18. Underwater or partially submerged structures or facilities which could present a safety hazard 

19. Burning 

20. Storage or disposal of any regulated materials 

21. Water gardens, fountains or underground lawn sprinkler systems 

22. Private boat ramps 

23. The discharge of any concentrated runoff; that is, concentrating storm water runoff into a pipe or 

improperly constructed ditch, which discharges onto the Licensee’s property and accelerates 

erosion 

24. The discharge or disposal of any material 

25. The use of heat exchange coils or thermal loops in the lake for HVAC systems 

26. Structures that do not meet N.C. Building Code requirements 

27. Fuel or other storage tanks or fuel pumps 

28. Livestock within 30 feet of the lake unless crossing the stream channel per specifications of 

Natural Resources Conservation Service 

29. Buoys with ropes from existing boathouses/docks to such buoys in the water 

30. In-ground boathouses 

31. Permanent water fowl blinds or hunting stands 

 

NOTE: FAILURE TO ABIDE BY THESE CONDITIONS MAY RESULT IN THE CANCELLATION OF 

EXISTING LEASE AND THE RESTORATION OF ANY DAMAGE AT THE COST OF THE LESSEE. 

 

10.0 Guidelines for Multi-slip Facilities 

These facilities must be permitted by Lake Services. Multi-slip facility will be limited to accommodate no 

more than 10 watercraft (in accordance with the FERC standard Land Use Article) for a frontage of 100 

linear feet along the Company’s Project Boundary pending Lake Services approval. If the frontage is 

greater than 100 linear feet, one additional watercraft is allowed per 25 linear feet. (see Attachment C – 

Fee Schedule for rates). Detailed plans for construction, additions or modifications of these facilities must 

be submitted to Lake Services for review and approval prior to beginning work. The merits of these plans 

will be considered on a case-by-case basis and will consider the value of such facilities with regard to 

environmental impact, aesthetics and potential navigational and safety issues. As mentioned above, 

consultation with state and federal agencies is required and will be the responsibility of the applicant (see 

Attachment F – Multi-slip Facilities for step-by-step approval process). In most instances, Lake Services 

cannot approve multi-slip facilities without prior FERC approval. Lake services may permit the following: 

 

• Signs for commercial operations, 

• Fuel lines, pumps and other associated equipment for marina operations require Lake Services’ 

prior written permission and must meet all applicable legal requirements. 

 

Certain activities and items are expressly prohibited at these facilities, including, but not limited to, the 

following: 

 

10.1 Encroachments on adjoining leased areas. 

 

10.2 Electrical service that does not meet National Electric Safety Code requirements. 

 

10.3 Facilities that represent health and safety hazards. 
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10.4 Assignment or subletting of leases without prior written approval. 

 

10.5 Improper storage or disposal of any regulated materials. 

 

10.6 Structures that do not meet N.C. Building Code requirements. 

  

10.7 Docking, mooring, anchoring, storing or otherwise tying up any boat or vessel except to a dock, pier 

or other water-related structure that is in compliance with this Lease, the Guidelines and applicable Law. 

  

10.8 Docking, mooring, anchoring, storing or otherwise tying up (permanently or temporarily) any boat or 

vessel at the Premises, at any time that equals or exceeds 35 feet in length. 

  

10.9 Constructing, installing or otherwise placing any dock, pier, boat slip or other water-related structure 

that is designed to accommodate any boat or vessel 35 feet or more in length. 

 

10.10 Maintenance and repair operations (including without limitation boat engine or equipment 

maintenance and repair, replacement or handling of engine oil, oil filters, waste oil, transmission fluid, anti-

freeze or similar liquids or products); painting, paint removal, varnishing, sanding or abrasive blasting; 

boat or boat equipment cleaning with toxic products or solvents and/or high pressure washing. 

 

10.11 Engage in or sponsor any type of “party cruise,” “dinner cruise” or similar event or activity (public or 

private) at, on or from the Premises, Lessee’s marina or restaurant. 

 

11.0 Exceptions for Existing Facilities 

At the Licensee’s discretion and subject to license and other regulatory directives, existing water-

dependent and other facilities that do not comply with the general guidelines may remain in the leased 

area or over the water for their useful lives, as long as they are in compliance with federal, state and local 

laws and regulations (termed “grandfather” provisions). When major repairs involving more than 50 

percent of the value of the structure as determined by a certified licensed appraiser approved by Lake 

Services are made, the structure must be repaired so as to be in compliance with the guidelines included 

herein. Metal siding is not permitted for repair of any structures. If an existing structure is destroyed by fire 

or by other means, the replacement structure must be built in compliance with the general guidelines and 

is not subject to the “grandfather” provisions. 

 

All modifications to existing facilities are subject to these guidelines so that any pre-existing 

noncompliance is not increased. For the purpose of measuring the area covered by existing facilities, all 

structures on leased property, whether over water or on land, are to be counted. Structures include, but 

are not limited to, boathouses, decks, docks, boat slips, piers, storage buildings and all noncomplying 

structures. Approved walkways over land or seawalls are not included in the calculation of area covered by 

structures. No expansion of an existing facility or addition of a new facility is allowed on leased property 

where the expansion or addition would cause the area covered by all facilities to exceed 1,200 square 

feet, whether grandfathered or not. 

 

No expansion or addition will be permitted to any structure, nor will additional facilities be permitted if the 

area covered by all facilities in the leased area exceeds 1,200 square feet. All facilities must be well 

maintained. Failure to properly maintain facilities may result in the cancellation of any existing lease and 

the removal of the facility and restoration of the property at the expense of the lessee. 
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12.0 Guidelines Regarding Miscellaneous Items (not intended to be all-inclusive) 

12.1 Signs are only permitted at marinas and access areas upon approval by Lake Services. 

 

12.2 Fish attractors are allowed per Lake Service specifications. Fish attractors under piers are 

encouraged. 

 

12.3 Navigational aids and No Wake markers are handled by N.C. Wildlife Resources Commission. 

 

12.4 Parasails, hang gliders, ultra light aircraft and seaplanes are not allowed. 

 

12.5 Vending operations over water are controlled by the county health department. If allowed, they must 

be in an area approved by Lake Services. 

 

13.0 Guidelines Regarding Special Uses 

Lake services reserves the right to grant special uses that deviate from the Guidelines for the Use of 

Leased Properties at Lake Tillery when in its judgment the action is advantageous for the benefit of public 

welfare and does not jeopardize the environmental quality of the lake or the project operations. 

 
14.0 Guidelines Regarding Penalty Fees and Mitigation 

Failure to abide by these guidelines could result in cancellation of the lease. Failure to build, 

maintain and renovate facilities according to the facilities approval form and the Guidelines for the Use of 

Leased Properties at Lake Tillery will result in lease cancellation. If Lake Services decide to re-let the 

property at a later date, a lease re-instatement fee will be levied. In the event the lease is not re-instated, 

Lake Services reserves the right to remove all remaining personal property and remaining facilities from 

the Licensee’s property.  

 

Lake services routinely patrols the lake shoreline for compliance. Any violations will be investigated and 

handled by Lake Services and/or the appropriate regulatory agencies. Lake services will require mitigation 

by the lessee if construction activities significantly impact water willow beds or other environmentally 

sensitive habitat. Such mitigation may include, but is not limited to, construction of a fish-friendly pier or 

funding the establishment of a water willow bed in another area of the lake, preferably an adjacent or 

nearby area. Significant impact is defined as disturbance within the lot allocation area that impacts more 

than 25 percent of the surface area of an existing water willow bed that is equal to or greater than 100 

square feet. The measure of the impacted area will be determined by the amount of water willow covered 

by any structure, except walkways constructed under IMZ Guidelines. 

 

Penalty Fees 

Persons who own property adjacent to, or lease property on Lake Tillery could incur a penalty (see 

Attachment C – Fee Schedule for rates) from Lake Services: 

• Failing to obtain a lease and/or Facilities Approval Form prior to construction. 

Construction deviates from the original permit and drawing approved by a Lake Services’ 

representative. 

• Construction not complying with the Guidelines for the Use of Leased Properties at Lake Tillery.  

 

Individuals found to be in violation of procedures, approved permit or guidelines will be expected to take 

corrective action by: 

• Acquiring the necessary forms (e.g., lake lease and/or Facilities Application Form) and submitting 

payment for all fees and penalties incurred. 

• Bringing their facilities into compliance with the approved drawing submitted with their Facilities 
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Application Form. 

• Possible additional mitigation to enhance the shoreline. 

 

Lake services reserves the right to cancel or deny a lease to those individuals who do not submit payment 

of fees and penalties or refuse to comply with the procedures, policies and guidelines. 

 

15.0 Glossary 

Aesthetic – Characteristics that are visually pleasing and usually conform to certain identified background 

features. 

 

Allocation Line – A line on a subdivision map or the projected lot side lines that determines the location 

of facilities on leased land or over the water of Lake Tillery. 

 

Application Process – Involves calling a Lake Services representative, meeting on the site, discussing 

proposed construction of facilities, preparing detailed sketch of facilities and their location, securing 

necessary agency approvals if necessary, obtaining facilities approval form, payment of fee and obtaining 

building permit from appropriate county. 

 

Aquatic Emergent/Submerged Vegetation Beds – Rooted aquatic plants found totally submersed below 

or emerging from the lake’s surface and usually located in water less than 6 feet deep. 

 

Assignment – A transfer of a claim, property right, etc. 

 

Best Management Practice (BMP) – A structural or nonstructural management-based practice used 

singularly or in combination to reduce nonpoint source inputs to receiving waters in order to achieve water 

quality protection goals. 

 

Boat Slip – A roofed or unroofed structure confined by three sides used for temporary or permanent 

storage and/or mooring of a watercraft. 

 

Buffer Zone – A natural or vegetated area through which storm water runoff flows in a diffuse manner so 

that the runoff does not become channelized and which provides for infiltration of the runoff and filtering of 

pollutants. The buffer shall be measured landward from the normal pool elevation of impounded structures 

and from the bank of each side of streams or rivers. 

 

Building Permit – A written authorization secured from the county where structure(s) will be built, allowing 

construction according to certain specifications. 

 

Cancellation – Termination of a lease between the Licensee and the lessee. 

 

Development – Any activity within the area leased involving, requiring or consisting of the construction or 

enlargement of a structure; excavation; dredging; filling; dumping; removal of clay, silt, sand, gravel or 

minerals; bulk heading or driving of pilings; clearing or alteration of land; alteration of the shore, bank or 

bottom of Lake Tillery, or any tributary or wetland; or placement of a floating or attached structure within 

the leased area. 

 

Docking Structure – A structure over or adjacent to water used for mooring watercraft. 
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Dredging – The term “dredged material” means material that is excavated or dredged from waters of the 

United States as defined by the Code of Federal Regulations [33 CFR 323.2(c)] and as permitted by 

appropriate federal and state agencies. 

 

Earth Tone – Related to color. Colors that are usually neutral in shade and that blend in with the 

surroundings and do not conflict with aesthetics of the environment. 

 

Easement – A nonpossessing interest held by one party in the land of a second party whereby the first 

party is accorded partial use of the land for a specific purpose with certain specified restrictions. 

 

Encroachment Agreement – A document recorded at the pertinent county register of deeds office that 

allows one party to place facilities in the allotted area of a second party. 

 

Environmental – The aggregate of all conditions affecting the existence, growth and general welfare of 

living organisms and includes complex interactions with chemical and physical variables. 

 

Environmentally Sensitive Habitat – Habitat that is identified to be of high quality for a healthy 

ecosystem, including both plants and animals, which provide important areas for living, feeding, 

reproduction, rearing and resting. These habitats also include habitat for rare, threatened or 

endangered plants and animals. Such habitats have the highest priority for protection from degradation 

and impact due to human activities to sustain the ecosystem in general or specific identified organisms. 

 

Excavation – Removal of soil and rock associated with construction or placement of shoreline bulkheads. 

 

FAA – Abbreviation for the Federal Aviation Administration. 

 

Facilities – Structures such as walkways, seawalls, piers, boathouses, boat slips, deck areas or other 

structures located on leased property. 

 

Facility Permit – A form that describes the proposed facilities to be located on leased property. Form is 

used to secure a building permit from the appropriate county. 

 

Facility Permit Application Fee – A fee to cover expenses associated with the permitting of facilities on 

leased property. Synonymous with processing fee. 

 

FERC – Abbreviation for the Federal Energy Regulatory Commission. The federal agency by which the 

Licensee is licensed to operate the Tillery Hydroelectric Plant, Lake Tillery and the surrounding project 

lands. 

 

Filling – The placement of material in the lake for purposes of land reclamation. This practice is 

prohibited. 

 

Filter Cloth Barriers – A cloth placed on the bank prior to placement of riprap to prohibit soil from 

washing away from riprap. 

 

Floatation Devices – Normally made of encapsulated Styrofoam. 

 

Full Pond/Full Lake/Full Pool Elevation – A measurement of elevation, in feet (277.3 normal full pool 
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elevation above mean sea level based on NAVD88) above mean sea level, to the top of the floodgates at 

the Tillery Dam. 

 

Grandfather Provisions – Temporary provisions that allow an existing structure to continue to exist in 

noncompliance with existing guidelines. When maintenance repairs exceed 50 percent of the value of the 

structure, the grandfather provisions are void and the structure must come in compliance with existing 

guidelines. 

 

Guidelines – A manual of procedures governing the use of leased properties at Lake Tillery. 

 

Habitat – The regions where plants or animals naturally grow or live and include chemical and physical 

features that comprise the environment and allow plants and animals to thrive. 

 

Herbicides – Chemicals designed to retard or prohibit plant growth. 

 

In-Ground Boathouse – A boathouse placed in an excavated area in the shoreline bank of a lake. 

 

Indigenous Species – Species native to the area. 

 

Integrated Use – This classification acknowledges and accommodates the presence of existing uses and 

allows for potential future private, public and commercial uses. These shoreline areas have no known 

significant environmental/cultural resources or associate resource management goals that would preclude 

existing or future shoreline uses. These lands are managed to accommodate reasonable demands for 

public and private uses within the guidelines of the Shoreline Management Plan permitting program. 

 

Land-Disturbing Activity – Any use of the land that results in a change in the natural cover or topography that 

may cause or contribute to sedimentation. 

 

Landward – On the side toward the land. 

 

Lease – A written document by which the rights of use and occupancy of land and/or structures are 

transferred by the owner to another person or entity for a specified period of time in return for a specified 

rental. 

 

Leased Properties/Leased Area – The location where rights of use or occupancy have been transferred 

from lessor to lessee. 

 

Lessee – The party who possesses the right to use or occupy a property under lease agreement (tenant). 

 

Lessor – The party who holds title to and conveys the right to use and occupy a property under lease 

agreement (landlord). 

 

License – A formal, legally binding agreement that allows a certain activity to be performed. 

 

Licensee – Carolina Power & Light Company, a North Carolina Public Service Corporation d/b/a Progress 

Energy Carolinas, Inc. and its assigns, owns and operates the license granted by the Federal Energy 

Regulatory Commission (FERC License #2206). 
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MSL – Abbreviation for mean sea level. 

 

Multi-slip Facilities – Facilities related to the operation of a marina or restaurant, or other multiple-use 

public or private facility and may have provisions for food services,  limited to accommodate no more than 

10 watercraft (in accordance with FERC’s standard land use article) for a frontage of 100 linear feet along 

the Licensee’s Project Boundary pending Lake Services approval. If the frontage is greater than 100 linear 

feet, one additional watercraft is allowed per 25 linear feet. 

Multi-slip Lease – Land leased in association with a business such as a marina or a restaurant or other 

multiple-use public or private facility that accommodates watercraft or as determined by the Licensee. 

 

Multi-Unit Dwelling – A structure that can legally accommodate more than one family unit, such as an 

apartment or townhouse. 

 

Natural Condition/Natural State/Natural – The forest floor as found in an undisturbed mature or 

maturing forest. (See definition of Natural Forested Vegetation as given below.) 

 

Natural Forested Vegetation – The plants of an area which grow together in disturbed or undisturbed 

conditions in various wooded plant communities in any combination of trees, saplings, shrubs, vines and 

herbaceous plants. 

 

Natural Ground Cover – Low-growing terrestrial vegetation existing on forest or shoreline lands that is 

naturally occurring without disturbance from human activity. 

 

NCDENR – Abbreviation for the North Carolina Department of Environment & Natural Resources. 

 

NCWRC – Abbreviation for the North Carolina Wildlife Resources Commission. 

 

Neutral – Pertaining to color, usually earth tone colors that do not sharply contrast to the existing 

background colors. 

 

Noncompliant Structure – Any structure that does not conform to the entitled Guidelines for the Use of 

Leased Properties at Lake Tillery. 

 

NCDWQ – Abbreviation for the North Carolina Division of Water Quality, a division within the North 

Carolina Department of Environment and Natural Resources. 

 

Open-Sided Boathouse – A boathouse whose sides are open from the decking upward to the ceiling 

joist. 

 

Open-Slatted – Refers to boards on walkway, each board having a space between it and the next board. 

 

Permit – Authorization by one party of a certain activity by another party. 

 

Private Recreation Lease – Land leased in association with the residence of a single family. 

 

Project Boundary – The perimeter of the Licensee’s property at Lake Tillery as shown in its license with 

the Federal Energy Regulatory Commission. 
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Project Owner – Carolina Power & Light Company, a North Carolina Public Service Corporation d/b/a 

Progress Energy Carolinas, Inc. and its assigns, owns and operates the license granted by the Federal 

Energy Regulatory Commission (FERC License #2206).  

 

Project Works – FERC Required – Project lands associated with hydropower production, including but 

not limited to the dam, powerhouse and other hydroelectricity property. This can also include lands 

associated with Project lands occupied by developed public recreation (i.e., NCWRC public boat ramps). 

Shoreline areas reserved for uses associated with project operations or fulfillment of license requirements. 

 

Projection Lines – Synonymous with allocation lines. 

 

Recapture – Placing soil into an eroded area or the formation of a new land area is prohibited unless 

permitted by U.S. Army Corps of Engineers guidelines.  

 

Re-let – To lease again. 

 

Residential Lease – Land leased in association with a private single family dwelling. 

Resource Protection & Management – Shoreline areas designated for species protection and 

environmental purposes. This classification is to protect habitat, cultural significance, character, and 

aesthetic value of particular locations. These areas may include wetlands, steep slopes, sensitive aquatic 

or terrestrial habitat and islands. This classification also includes shoreline areas with significant rare, 

threatened and endangered (RTE) species habitat or known presence of communities of RTE species. 

 

Riprap – Large crushed stone (8-10 inches or greater in diameter) used for bank stabilization. This 

method of shoreline stabilization provides better fish habitat structure. 

 

Runoff – Water that is not absorbed into the ground and enters into a body of water. 

 

Silt Fence – An upright cloth or synthetic barrier anchored in the ground to prevent erosion. 

 

Sublet – The process by which the existing lessee leases rights to another party. 

 

USACOE – Abbreviation for the United States Army Corps of Engineers. 

 

USF&W – Abbreviation for the United States Fish & Wildlife Service. 

 

USGS – Abbreviation for the United States Geological Survey. 

 

Vegetated Condition – Plant life, such as natural vegetation consisting of grasses, shrubs and trees in a 

sufficient amount to minimize or prevent soil erosion and bank slumping. 

 

Vegetative Buffer – Plant life, such as natural vegetation, in a sufficient amount to prohibit erosion in the 

designated buffer zone. 

 

Water-Dependent Structure – Those structures for which use requires access or proximity to or siting 

within surface waters to fulfill its basic purpose, such as boat houses, docks and bulkheads. Ancillary 

facilities such as restaurants, outlets for boat supplies, parking lots and commercial boat storage areas 

are not water-dependent structures. 
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Water Quality Regulations – Rules established by the NCDENR to promote and protect water quality. 

 

Watercraft – A craft designed for water transportation. 

 

Waterward – On the side toward the water. 

 

Wetlands – Areas that are inundated or saturated by an accumulation of surface or ground water at a 

frequency and duration sufficient to support, and that under normal circumstances do support, a 

prevalence of vegetation typically adapted for life in saturated soil conditions. Wetlands generally include 

swamps, marshes, bogs and similar areas. Wetlands classified as waters of the state are restricted to 

waters of the United States as defined by the Code of Federal Regulations (33 CFR 328.3 and 40 CFR 

230.3). 

 

 

NOTES: 
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Attachment A 

 

Contact Information 

 
Mailing Address: 

Progress Energy 
Lake Services 
PO Box 1551 – PEB 
Raleigh, NC 27602 
 
Email: 

Lake.management@pgnmail.com 
 
Phone: 

877.893.0001 
 
Fax: 

919.232.4983 
 
Website: 

https://www.progress-energy.com/commitment/community/real-
estate/shoreline-management/tillery.page? 
 

 



 

 



 

 

Attachment B 

 
Shoreline classifications of Lake Tillery - Sheet 1 of 2



 

 

 
Shoreline classifications of Lake Tillery - Sheet 2 of 2



 

 

Attachment C 

 

Fee Schedule 

 
The Federal Energy Regulatory Energy Commission (FERC) license for the Yadkin-Pee 
Dee Hydroelectric Project No. 2206, Tillery Hydroelectric Development allows 
Progress Energy to charge reasonable fees to cover the cost of administering its 
shoreline management program. Fees are frequently reviewed and are subject to 
change to more accurately reflect the cost of implementing Progress Energy’s Lake 
Services program. 
 
Lease Application Fee (includes new lease request and transfers): 

o Residential-----------------------------------------------------------------------------$100 
o Multi-Slip-------------------------------------------------------------------------------$500 

 
Facility Application Fee (includes new construction and modifications): 

o Residential------------------------------------------------------------------------------$300 
o Multi-Slip 

• No FERC consultation required----------------------------------------------$500 

• FERC consultation required------------------------------------------------$1,000 
 
Annual Lease Fee 

o Residential (base rent)-----------------------------------------------------------------$150 

• An additional $5 for every 10 feet or any portion thereof  
over 100 feet of shoreline is added to base rent 

o Multi-Slip (base rent)-----------------------------------------------------------------$1,000 
o Multi-Slip (each additional slip over 10)---------------------------------------------$150 

 
Penalty Fee 

o Per Violation------------------------------------------------------------------------------$250 
 



 

 

 

 



 

 

Attachment D 

 

Plant Lists 

Below is a list of native plants, which may be useful in landscaping for your home and property. 

We stress native plants because there are many examples of non-native plants (see section below 

regarding non-native plants) which are considered invasive and which may become difficult to 

control. Examples of non-native invasive include kudzu, English ivy, wisteria, and Japanese 

honeysuckle.  

 

Deciduous Trees  

 

  

Red maple Acer rubrum 

Sugar maple Acer saccharum 

Serviceberry amelanchier arborea 

Shagbark hickory Carya ovata 

Chestnut (hybrid) Castanea sp. 

Hackberry Celtis occidentalis 

Redbud Cercis canadensis   

Fringetree Chionanthus vurginicus 

Flowering dogwood Cornus florida 

Pesimmon  Diospyros virgininiana 

Honey locust Gleditsia triancanthos 

Sweetgum Liquidambar styraciflua 

Yellow poplar Lirodendron tulipifera 

Blackgum Nyssa sylvatica 

Sourwood Oxydendron arboreum  

Sycamore Platanus occidentalis 

Black cherry Prunus serotina 

White oak Quercus alba 

Scarlet oak Quercus coccinea 

So. red oak Quercus falcata 

Cherrybark oak Quercus falcata var. pagodaefolia 

Water oak Quercus nigra 

Willow oak Quercus phellos 

Chestnut oak Quercus prinus 

Red oak Quercus rubra 

  

Evergreen trees 

 

  

American holly Ilex opaca 

Eastern red cedar Juniperus virginiana 

Loblolly pine Pinus taeda 

 

Evergreen shrubs 

 

  

Inkberry Ilex glabra 



 

 

Mountain laurel Kalmia latifolia  

Wax myrtle Myrica cerifera 

Rhododendron Rhododendron catawbiense 

Strawberry bush Euonymus americana 

 

Deciduous shrubs 

 

  

Red chokeberry Aronia arbutifolia 

Black chokeberry Aronia melanocarpa 

Amer. Beauty-berry  Callicarpa americana 

Sweetshrub Calycanthus floridus 

Chinquapin Castanea pumila 

Sweet pepperbrush Clethra alnifolia 

Gray dogwood Cornus racemosa 

Wahoo Euonymus atropurpurus 

Witch-alder Fothergilla spp. 

Winterberry Ilex verticillata 

Wild plum Prunus angustifolia or P. umbellata 

Staghorn sumac Rhus typhina 

Elderberry Sambucus canadensis 

Blueberries  Vaccinium spp. 

Possumhaw Viburnum nudum 

Black haw Viburnum rufidulum 

Yellowroot  Xanthorhiza simplicissima 

 

Ground covers 

 

  

Lady fern Athyrium filix-femina 

Blazing star Liatris graminifolia 

Wood sorrel Oxalis spp. 

Bird-foot violet Viola pedata 

  

Ornamental grasses  

  

Bluestem/broomstraw Andropgon spp. 

Virginia wild rye Elymus virginicus 

Deertongue grass Dichanthelium candestinum 

Swichgrass Panicum virgatum 

Indiangrass Sorghastrum nutans 

Eastern gamagrass Tripsacum datyloides 

River oats Uniola paniculata 

 

Flowering perennials 

 

  

Wild columbine Aquilegia canadensis 

Butterfly weed Asclepias tuberosa 

Beggar-ticks Bidens spp. 



 

 

Partridge pea Chamaecrista fasciculata (annual, but reseeds well) 

Coreopsis Coreopsis spp. 

Buttlerfly pea Centrosema virginianum 

Queen Anne's lace Daucus carota 

Tickclover Desmodium spp. 

Geum Geum virginianum 

Sunflowers Helianthus spp. 

Blazing star Liatris scariosa 

Cardinal flower Lobelia cardinalis 

Virginia bluebells Mertensia virginica 

Wild bergamot Monarda fistulosa 

Wild sweet William Phlox divaricata 

Black-eyed Susan Rudbeckia hirta 

Fire pink silene vurginica 

Virginia spiderwort Tradescantia virginiana 

  

 

A listing of commercial sources for wildlife planting materials may be obtained from the NC 

Wildlife Resources Commission 

 

    Plants Deer Don’t Usually Like 

Deer sometimes cause a problem for the native plants you use for landscaping. Generally deer do 

not like plants with aromatic or pungent foliage. Plants with fuzzy leaves, prickly needles, spiny 

branches and thorns usually discourage deer from eating them. Using plants that combine the 

tangy with the bitter and the spicy with the prickly will aid you in reducing damage by deer to 

your native plants. 

 

Listed below are some plants deer do not usually like: 

 

Annuals, Biennials and Perennials  

Botanical Name Common Name 

Achillea spp. Yarrow 

Aconitum spp. Monkshead 

Aquilegia Columbine 

Amsonia Blue star 

Anemone Anemone 

Asclepias tuberosa Butterfly Weed 

Campanula spp. Bellflower 

Coreopsis spp. Coreopsis 

Cosmos Cosmos 

Delphinium Delphinium 

Dicentra Bleeding Heart 

Ilex spp. American Holly 

Lobelia erinus Lobelia 

Lupinus Lupine 

Monarda didyma Bee Balm 

Myosotis Forget Me Not 



 

 

Oenothera Evening Primrose 

Rudbeckia Blackeyed Susan 

Salvia Salvia 

Sedum Sedum 

Senecio aureus Golden Ragwort 

Verbena Verbena 

Viola Violet 

Yucca Yucca 

  

Trees  

Alnus Alder 

Betula Birch 

Carpinus Hornbeam 

Castanea Chinkapin 

Catalpa Catalpa 

Cedrus Cedar 

Cercis Redbud 

Cladrastis Yellow Wood 

Cornus Dogwood 

Gleditsia Honey Locust 

Liquidamber stynaciflua Sweet Gum 

Liriodendron Tulip Tree 

Morus Mulberry 

Quercus Oak 

Rhus Sumac 

Robinia Black Locust 

Tsuga Hemlock 

  

Herbs  

Sassafras Sassafras 

  

Vines  

Campsis spp. Trumpet Creeper 

Lonicera spp. Honey Suckle 

Parthenocissus Virginia Creeper 

Wisteria Wisteria (American & Kentucky) 

Vitis Grape 

  

Shrubs  

Vaccinium Blueberry 

 
 
 



 

 

 
NC Native Plant Society – Invasive Exotic Plants in NC – 2011 

 
 Compiled by Misty Franklin Buchanan with review and input from biologists in the following 

agencies: NC Natural Heritage Program, NC Botanical Garden, University of North Carolina 

Herbarium, NC Exotic Pest Plant Council, NC DENR Aquatic Weed Control Program, US Fish & Wildlife 

Service, The Nature Conservancy, the NC Zoo, and volunteers and board members of the NC Native 

Plant Society. 

 
The intent of the NC Native Plant Society Invasive Exotic Plant list is to rank exotic (alien, 

foreign, introduced, and non-indigenous) plants based on their invasive characteristics, to educate 
the public and resource managers, and to encourage early detection of invasive exotic species so 
that a rapid response can be implemented when needed.  We hope this list will help eliminate the 
use of invasive exotic plants in landscaping and restoration projects.  The 2004 Tennessee Exotic 
Pest Plant Council Invasive Exotic Plant list was used as a model for organization of this list, but 
species listed and ranks assigned here are applicable to North Carolina.  The NC Native Plant 
Society Invasive Exotic Plant List is considered a work in progress, and will be evaluated and 
updated as new information is gathered about these and other species.  Please send your 
comments to: 
 

North Carolina Native Plant Society 
c/o North Carolina Botanical Garden 

Totten Center 3375 
Chapel Hill, NC 27599-3375 

 
Background: Many introduced plants have become naturalized in North Carolina and some are 
replacing our native plant species. Not all exotic species are considered harmful.  Invasive plants 
are usually characterized by fast growth rates, high fruit production, rapid vegetative spread and 
efficient seed dispersal and germination. Not being native to NC, they lack the natural predators 
and diseases which would naturally control them in their native habitats. The rapid growth and 
reproduction of invasive plants allows them to overwhelm and displace existing vegetation and, in 
some cases, form dense one-species stands.  Invasive species are especially problematic in areas 
that have been disturbed by human activities such as road building, residential development, forest 
clearing, logging, grazing, mining, ditching, mowing, erosion control, and fire control activities. 

Invasive exotic plants disrupt the ecology of natural ecosystems, displace native plant and 
animal species, and degrade our biological resources. Aggressive invaders reduce the amount of 
light, water, nutrients and space available to native species.  Some cause increased erosion along 
stream banks, shorelines and roadsides.  Some exotics hybridize with related native plant species, 
resulting in changes to a population’s genetic makeup; others have been found to harbor plant 
pathogens, which can affect both native and non-native plants, including ornamentals. Others 
contain toxins that may be lethal humans and other animals. Some invasive plants compete with 
and replace rare and endangered species and encroach upon their limited habitat. Other problems 
include disruption of native plant-pollinator relationships, tree and shrub mortality due to girdling, 
reduced establishment of native tree and shrub seedlings, reduction in the amount of space, water, 
sunlight and nutrients that would be available to native species, and altered fire regimes.  Invasive 
plants also cause economic losses and expenditures each year for agriculture, forestry, and 
roadside management. 

Our native fauna, including insects, birds, mammals, reptiles, fish and other animals, is 
dependent on native plants for food and shelter. While some animals can feed on a wide number of 
plant species, others are highly specialized and may be restricted to feeding on several or a single 
plant species. As exotic plants replace our native flora, fewer host plants are available to provide 
the necessary nutrition for our native wildlife.  In some cases, invasive plants replace nutritious 



 

 

native plant foods with lower quality sources.  Each exotic plant is one less native host plant for our 
native insects, vertebrates and other organisms that are dependent upon them. 

It is important to document the spread of invasive exotic plants into natural areas. When 
invaders are found outside of landscape plantings, they should be recorded and voucher specimens 
should be collected for donation to a herbarium. 

To reduce invasive plant invasions, we must approach the problem in a variety of ways:  
stop planting them, prevent accidental introductions, manage existing infestations, minimize 
disturbance to forests, wetlands, and other natural communities, and learn to work with (rather 
than against) natural systems and cycles. 

Rank 1 – Severe Threat: Exotic plant species that have invasive characteristics and spread readily 
into native plant communities, displacing native vegetation. 
 

Scientific Name  Common Name 

Ailanthus altissima (Mill.) Swingle Tree of Heaven 

Albizia julibrissin Durz.  Mimosa 

Alliaria petiolata (Bieb.) Cavara & Grande  Garlic-mustard 

Alternanthera philoxeroides (Mart.) Griseb. Alligatorweed 

Celastrus orbiculatus Thunb.  Asian bittersweet 

Elaeagnus umbellata var. parvifolia  Spring silverberry, Autumn olive 

Hedera helix var. helix English ivy 

Hydrilla verticillata (L.f.) Royle Hydrilla 

Lespedeza bicolor Turczaninow Bicolor lespedeza 

Lespedeza cuneata (Dum.-Cours.) G. Don  Sericea lespedeza 

Ligustrum sinense Lour.  Chinese privet 

Lonicera fragrantissima Lindl. & Paxton  Fragrant honeysuckle 

Lonicera japonica Thunb.  Japanese honeysuckle 

Microstegium vimineum (Trin.) A. Camus  Japanese stilt-grass 

Murdannia keisak (Hassk.) Hand.-Mazz. Asian spiderwort 

Myriophyllum aquaticum (Vell.) Verdc. Parrotfeather 

Paulownia tomentosa (Thunb.) Sieb.& Zucc. ex Steud.  Princess tree 

Persicaria perfoliata (Linnaeus) H. Gross (=Polygonum 

perfoliatum L.)  Mile-a-minute vine 

Phragmites australis (Cav.) Trin. ssp. australis   Common reed 

Pueraria montana var. lobata Kudzu 

Pyrus calleryana Decne. Bradford pear 

Reynoutria japonica Houttuyn (Polygonum cuspidatum) Japanese knotweed 

Rosa multiflora Thunb.  Multiflora rose 

Salvinia molesta Mitchell  Aquarium water-moss 

Vitex rotundifolia L.f. Beach vitex 

Wisteria sinensis (Sims) DC Chinese wisteria 
 



 

 

Rank 2 – Significant Threat: Exotic plant species that display some invasive characteristics, but 
do not appear to present as great a threat to native communities in NC as the species listed in Rank 
1. 
 

Scientific Name Common Name 

Ampelopsis brevipedunculata (Maxim.) Trautv.  Porcelain-berry 

Arthraxon hispidus var. hispidus Basket grass, Hairy jointgrass 

Bambusa spp. Exotic bamboo 

Berberis thunbergii DC Japanese barberry 

Broussonetia papyrifera (L.) L’Her. ex Vent. Paper mulberry 

Cardiospermum halicacabum L.  Balloonvine 

Cayratia japonica (Thunb. ex Murray) Gagnep. Bushkiller 

Centaurea stoebe ssp. micranthos (Centaurea 

biebersteinii) Spotted knapweed 

Citrus trifoliata (Poncirus trifoliata) Hardy-Orange 

Clematis terniflora DC (=C. dioscoreifolia) Leatherleaf clematis 

Conium maculatum L. Poison hemlock 

Dioscorea polystachya (Dioscorea oppositifolia) Air-potato, Chinese yam 

Eichhornia crassipes (Mart.) Solms Water-hyacinth 

Euonymus alatus Burning bush, Winged Euonymus 

Euonymus fortunei (Turcz.) Hand. – Mazz.  Winter creeper 

Ficaria verna ssp. ficariiformis (F.W. Schultz) B. Walln. 

(=Ranunculus ficaria) Lesser Celandine 

Glechoma hederacea L.  Gill-over-the-ground, ground ivy 

Humulus japonicus Siebold & Zuccarini Japanese Hops 

Lamium purpureum L. Henbit 

Ligustrum japonicum Thunb. Japanese privet 

Ligustrum vulgare L.  Common privet 

Lonicera ×bella [L. morrowii × tatarica] Hybrid Bush Honeysuckle 

Lonicera maackii (Rupr.) Maxim.  Amur bush honeysuckle 

Lonicera morrowii A. Gray  Morrow’s bush honeysuckle 

Lonicera standishii Jaques Standish’s Honeysuckle 

Lygodium japonicum (Thunb. ex Murr.) Sw. Japanese climbing fern 

Lythrum salicaria L. Purple loosestrife 

Mahonia bealei Leatherleaf Mahonia, Oregon grape 

Miscanthus sinensis Andersson Chinese silver grass 

Morus alba L. White mulberry 

Myriophyllum spicatum Komarov Eurasian watermilfoil 

Nandina domestica Thunb. Nandina 

Persicaria longiseta (de Bruijn) Moldenke (=Polygonum 

caespitosum Blume) Oriental ladies-thumb 

Persicaria maculosa S.F. Gray (=Polygonum persicaria 

L.) Lady’s-thumb 

Phyllostachys spp. Exotic bamboo 

Pseudosasa japonica (Sieb. & Zucc. ex Steud.) Makino ex 

Nakai Arrow bamboo 

Rhodotypos scandens (Thunb.)  Makino jetbead 

Rubus phoenicolasius Maxim.  Wineberry 

Securigera varia (Coronilla varia) Crown vetch 

Solanum viarum Dunal  Tropical soda apple 



 

 

Sorghum halepense (L.) Pers. Johnson grass 

Spiraea japonica L.f.  Japanese spiraea 

Stellaria media (L.) Vill. Common chickweed 

Veronica hederifolia L. Ivyleaf speedwell 

Vinca major L. Bigleaf periwinkle 

Vinca minor L. Common periwinkle 

Wisteria floribunda (Willd.) DC Japanese Wisteria 

Xanthium strumarium L. Common cocklebur 

Youngia japonica (L.) DC. Oriental false hawksbeard 
 

Rank 3 – Lesser Threat: Exotic plant species that spread into or around disturbed areas, and are 
presently considered a low threat to native plant communities in NC. 

 

Scientific Name  Common Name 

Ajuga reptans L. Bugleweed 

Allium vineale L.  Field garlic 

Artemisia vulgaris L. Mugwort, common wormwood 

Arundo donax L.  Giant reed 

Baccharis halimifolia L.* Silverling, groundsel tree 

Bromus catharticus var. catharticus Bromegrass, Rescue grass 

Bromus commutatus Schrad. Meadow brome 

Bromus japonicus Thunb. ex Murray Japanese bromegrass 

Bromus secalinus L. Rye brome 

Bromus tectorum L. Thatch bromegrass, Cheat grass 

Buddleja davidii Butterfly-bush 

Cichorium intybus Chicory 

Leucanthemum vulgare (Chrysanthemum 

leucanthemum) Ox-eye daisy 

Cirsium vulgare (Savi) Ten. Bull thistle 

Daucus carota L. Wild carrot, Queen Anne’s-lace 

Dipsacus fullonum L. Fuller’s teasel 

Egeria densa Planch.  Brazilian elodea, Brazilian water-weed 

Fatoua villosa (Thunb.) Nakai Hairy crabweed 

Schedonorus pratensis (Festuca pratensis) Meadow fescue 

Ipomoea quamoclit L. Cypressvine morningglory 

Kummerowia stipulacea (Maxim.)  Makino Korean clover 

Kummerowia striata (Thunb.) Schindl.  Japanese clover 

Liriope muscari (Dcne.) Bailey Liriope, Lilyturf 

Lysimachia nummularia L. Moneywort, creeping Jenny 

Melilotus albus Medik. White sweet clover 

Melilotus officinalis (L.) Lam. Yellow sweet clover 

Najas minor All.  Brittle naiad  

Pastinaca sativa L.  Wild parsnip 

Perilla frutescens (L.) Britt. Beefsteakplant 

Populus alba L. White poplar 

Senecio vulgaris L.  Ragwort 

Setaria faberi R.A.W. Herrm. Nodding foxtail-grass 

Triadica sebifera (L.) Small Chinese tallowtree 

Tussilago farfara L. Coltsfoot 

Vicia sativa ssp. sativa and Vicia sativa ssp. nigra Garden vetch, Narrowleaf vetch 



 

 

 
*Baccharis halimifolia is native to marshes and marsh borders on the outer Coastal Plain in NC, but 
has spread along road corridors to invade disturbed areas in the Piedmont, which is not considered 
its native habitat. 
 

Watch List A: Exotic plants that naturalize and may become a problem in the future; includes 
species that are or could become widespread in North Carolina.  At this time, more information is 
needed. 
 

Scientific Name  Common Name 

Arum italicum ssp. italicum Arum, Italian lords and ladies 

Buglossoides arvensis (L.) I.M. Johnston (L.) I.M.  Corn gromwell 

Bupleurum rotundifolium L.  Hound’s-ear, hare’s-ear 

Centaurea cyanus L.  Cornflower 

Cyperus entrerianus Böckler Deeprooted sedge 

Echium vulgare L.  Viper’s bugloss 

Elaeagnus pungens Thunb. Thorny olive 

Hibiscus syriacus L.  Rose of Sharon 

Hypericum perforatum L.  St. John’s-wort 

Ornithogalum umbellatum L.  Star of Bethlehem 

Solanum dulcamara L. Climbing nightshade 

Verbascum thapsus L. Common mullein 
 
Watch List B: Exotic plant species that cause problems in adjacent states but have not yet been 
reported to cause problems in NC. 
 

Scientific Name  Common Name 

Acer platanoides L. Norway maple 

Akebia quinata (Houtt.) Dcne. Fiveleaf akebia 

Bromus inermis Leyss.  Smooth bromegrass 

Carduus nutans L. Musk thistle 

Carex kobomugi Ohwi Japanese sedge 

Cirsium arvense (L.) Scop. Canada thistle 

Commelina benghalensis L. Bengal dayflower 

Elaeagnus pungens Thunb.  Thorny-olive 

Hesperis matronalis L. Dame’s rocket 

Imperata cylindrica (Linnaeus) Palisot de 

Beauvois Cogongrass 

Iris pseudacorus Yellow flag, Water flag 

Lonicera tatarica L.  Tartarian honeysuckle 

Ludwigia grandiflora ssp. grandiflora (Michx) 

Greuter & Burdet Creeping waterprimrose 

Melia azedarach L.  Chinaberry 

Nymphoides cristata (Roxburgh) Kuntze Crested floating heart 

Pistia stratiotes L. Watter-lettuce 

Potamogeton crispus L. Curly pondweed 

Quercus acutissima Carruthers Sawtooth oak 

Rhamnus cathartica L.  European buckthorn 

Setaria italica (L.) P. Beauv. Foxtail-millet 

Setaria verticillata (L.) Beauv. Bur-foxtail 



 

 

Setaria viridis var. viridis 

Green bristle-grass, Green 
millet 

Stachys floridana Shuttlw. ex Benth. Florida Hedge nettle 

Torilis arvensis (Huds.) Link Spreading hedge-parsley 

Tragopogon dubius Scop.  Yellow goat’s-beard 

Trapa natans L. Water-chestnut 

Tribulus terrestris L.  Puncturevine 

Xanthium spinosum L.  Spiny cocklebur 
 

 



 

 

Attachment E 
 

Integrated Use/Impact Minimization Zone (IMZ) Guidelines 
 

Impact Minimization Zones (IMZs) are areas of special environmental concern to PEC. 
Certain areas are worthy of an additional level of protection that is not afforded to all of the 
lands covered by the Guidelines for the Use of Leased Properties at Lake Tillery. IMZs offer 
an increased level of protection to these areas. 
 
Within the individual IMZs, there may be certain aquatic or terrestrial resources or habitat 
characteristics that need complete protection to avoid environmental degradation of the 
area. Lake Services will carefully review development within the IMZs, and, in some 
instances, permits may be denied or modified so as to minimize the impact to 
environmental resources. 
 
Disturbance, including shoreline clearing and modification, impacts to aquatic vegetation 
beds including the removal of submerged woody debris, construction of piers, etc., in areas 
within IMZs requires the approval of the Lake Services staff. Any proposed disturbance 
must include an impact minimization plan that contains measures to avoid, minimize or 
mitigate impacts to important environmental features within the IMZ.  
There may be special considerations in an area that is contained in an IMZ that would 
preclude disturbance of any type. Approval of disturbance activities and the plan to 
minimize the impact of the proposed disturbance will be decided on a case-by-case basis. 
 
Activities in the IMZ are subject to the following restrictions: 
• Disturbance of an area within an IMZ may be prohibited. 
• Construction of boathouses and docks will not be allowed in the shallow upper ends of 

coves or lake arms where water depths are considered to be not navigable in normal 
operating ranges of the reservoir. 

• Removal of woody debris will not be allowed without the express written permission of 
Lake Services. Submerged trunks 10 inches or greater in diameter are considered high-
quality fish habitat. Removal of woody debris may require mitigation by lessees, unless 
the debris constitutes a navigational or safety hazard. 

• Construction of new docks will require the design considerations for a fish-friendly pier. 
• Construction activities are not allowed except with the express written permission of 

Lake Services and must be completed by a specified date. 
• Land-disturbing activities are not allowed except with the express written permission of 

Lake Services and must be completed by a specified date. 
• No types of dredging are allowed in IMZs. 
• Facilities built are restricted to no more than 800 square feet of surface area. 
• Only shoreline stabilization through the use of native plant species is allowed in IMZs. 
• Piers may not exceed 75 feet in total length or one-third of the total width of a cove at full 

pond elevation, whichever is less, and should not extend waterward any further than 
necessary to access a water depth of 6 feet. Lake services may disallow all facilities if the 
cove is less than 45 feet wide. 

 
 
 



 

 

All leased properties are subject to the “Guidelines for the Use of Leased Properties at Lake 

Tillery”. 
The following practices are encouraged in the IMZs and will be given special consideration 
by Lake Services staff: 

� If structures are permitted, they should incorporate additional structure complexity 
under piers to create additional fish habitat and use fish friendly pier design 
considerations. 

� Walkways must be 3 feet above the normal full pool elevation and no more than 5 
feet wide to minimize disturbance to existing vegetation. 
Placement of such structures should also consider orientation of the sun and the 
potential shading of an existing aquatic vegetation bed. 
The design of all structures should be developed such that they avoid 
environmentally sensitive habitat within the IMZ. Environmentally sensitive habitat 
includes the shallow end of coves or lake arms, known spawning areas for bedding 
fish, areas where tributaries enter the lake, and habitat that has been documented to 
be utilized by any rare, threatened or endangered species. 

 



 

 

Attachment F 

 

Multi-slip Facilities 

 
Application Process for Construction or Additions 

 
Construction of or additions to multi-slip facilities within the Lake Tillery Hydroelectric 
Development  Project Boundary requires Lake Services approval, resource agency 
consultation and approval by the Federal Energy Regulatory Commission (FERC) before 
any activities begin. The process requires the following steps: 
 
Step 1 

Contact the Lake Services representative and present proposal. Proposal should include: 
� Completed facility application. 
� Non-refundable application fee (See Attachment C – Fee Schedule).   
� Description, including reason(s) proposal is desired or needed. 
� Two scaled drawings of the site showing the proposed additions and all existing 

facilities within the leased area overlaid on an aerial photograph.  One scale drawing 
should show just the area affected by the additions and associated property and the 
second scale drawing should show how the proposed additions fit from a large scale 
view.  Include dimensions of additions and other principle structures.  

•  USGS or similar map showing site location. 
•  Engineered plan and profile drawings of proposed additions 
�  Comments from adjacent landowners upon request 
•  Environmental assessment outlining current existing conditions, expected impacts, and 

proposed mitigation measures, if necessary.  
•  Written directions to the property. 

Lake Services will review the proposal and determine the merits of continuing the 
approval process. If the proposal is approved to proceed, a nonrefundable application 
fee (see “Fee Schedule”) will be required and the applicant will be instructed to consult 
with the resource agencies (with documentation provided to Lake Services as noted 
below). 

 
Step 2 

If approved to proceed by Lake Services, the applicant must consult with the resource 
agencies. Consultation with agencies requires that the entire proposal package be sent to 
applicable local, state, and federal agencies.  Written confirmation of agency consultation 
and comments must be obtained by the applicant and provided to Lake Services for review. 
Resolving agency comments is the responsibility of the applicant. In addition, the applicant 
must provide appropriate documentation to show that the proposed project complies with 
all local, state, and federal environmental laws and regulations (e.g., N.C. Division of Water 
Quality Regulations). The proposal, the consultation documents, and resolution of agency 
comments must be reviewed and deemed appropriate by Lake Services before being 
forwarded to FERC by the Project Operator or Licensee for approval. 
 



 

 

Step 3 

After the proposal has been reviewed, and it is deemed appropriate to proceed, Lake 
Services will prepare a package to submit to FERC which will include: (1) the proposal 
description, drawing and a location map; (2) resource agency comments and applicant 
responses; and (3) any required license exhibits or other items necessary for FERC review. 
Approval by FERC is not guaranteed and may involve follow-up correspondence and other 
FERC mandated activities. Final approval by the Project Operator or Licensee is dependent 
upon the response of FERC. 
 
Step 4 

Once construction is complete and a final walk through with a Lake Services representative 
is conducted to insure compliance with submitted plan, submit detailed “As-built” drawings 
showing dimensions, to Lake Services. 
 



 

 

 

 

 

 

Appendix B 

 
 
 

 

Lake Tillery Shoreline 

Aquatic Habitat Mapping Study 

 

 

 

 

 

 



 

 



 

 
 

Yadkin Pee-Dee Hydroelectric Project No. 2206 

Tillery Hydroelectric Development 

 

 

 

 

 

Lake Tillery Shoreline 

Aquatic Habitat Mapping Study 
 

 
 
 
 
 
 
 
 
 

 

Progress Energy Carolinas, Inc. 

 

 
November 2011 

 

 



Tillery Hydroelectric Development                                      Shoreline Aquatic Habitat Mapping Report 

 

Progress Energy Carolinas, Inc.  ii Environmental Services and Strategy 

Preface 
 

This copy of the report is not a controlled document as detailed in the Environmental Services 

Section Biology Program Quality Assurance Manual.  Any changes made to the original of this 

report subsequent to the date of issuance can be obtained from: 

 

 

 Manager 

 Environmental Services and Strategy 

 Progress Energy Carolinas, Inc. 

 410 S. Wilmington St. 

 Raleigh NC, 27601 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Tillery Hydroelectric Development                                      Shoreline Aquatic Habitat Mapping Report 

 

Progress Energy Carolinas, Inc.  iii Environmental Services and Strategy 

Table of Contents 

 Page 
 

Preface ...............................................................................................................................  ii 

 

List of Tables ....................................................................................................................  iv 

 

List of Figures ...................................................................................................................  iv 

  

Executive Summary ..........................................................................................................  v 

 

Introduction .......................................................................................................................  1 

 

Study Objectives ...............................................................................................................  1 

 

Study Site Description ......................................................................................................  1 

 

Methods.............................................................................................................................  2 

 

Results and Discussion .....................................................................................................  4 

 

Summary ...........................................................................................................................  7 

 

References .........................................................................................................................  9



Tillery Hydroelectric Development                                      Shoreline Aquatic Habitat Mapping Report 

 

Progress Energy Carolinas, Inc.  iv Environmental Services and Strategy 

List of Tables 

   Table  Page 

 

1 Shoreline habitat types and total linear distance of each habitat type 

mapped in Lake Tillery during June-August 2011 ......................................................  10 

 

2 Shoreline habitat types and total linear distance of each habitat type 

mapped in Lake Tillery during July-August 2000 .......................................................  10 

 

3 Plant and wildlife species observed for each habitat type during the Lake Tillery  

shoreline aquatic habitat mapping study, June-August 2011 ......................................  11 
 

  

 

List of Figures 

   Figure  Page 
 

1 Map of  Lake Tillery, North Carolina ..........................................................................   19 

 

2 Photograph of emergent-submerged wetlands aquatic vegetation habitat type  

located in Dutch John Creek arm of Lake Tillery ........................................................   20 

 

3 Photograph of scrub-shrub habitat type associated with emergent-submerged  

wetlands aquatic vegetation habitat type located at the Jacobs Creek confluence  

in Lake Tillery ..............................................................................................................   20 

 

4 Photograph of water willow bed habitat type associated with developed shoreline  

located in the lower Richland Creek arm of Lake Tillery ............................................   21 

 

5 Photograph of water willow-submerged timber-woody debris habitat associated  

with shoreline near the mouth of Rocky Creek in Lake Tillery ...................................   21 

 

6 Photograph of submerged timber-woody debris type  associated with shoreline  

at Morrow Mountain State Park near the base of Tater Top Mountain .......................   22 

 

7 Photograph of fringed wetland habitat type  associated with shoreline located  

along the Morrow Mountain State Park shoreline of Lake Tillery ..............................   22 

 

8 GIS mapping of shoreline aquatic habitat types located along the shoreline  

of Lake Tillery ..............................................................................................................   23 



Tillery Hydroelectric Development                                      Shoreline Aquatic Habitat Mapping Report 

 

Progress Energy Carolinas, Inc.  v Environmental Services and Strategy 

Executive Summary 

 

A shoreline aquatic habitat mapping study was conducted at Lake Tillery during June through 

August 2011 to assist in the updating of the Lake Tillery Shoreline Management Plan (SMP) for 

the Tillery Hydroelectric Development. The study was developed through consultation with 

resource agencies on May 11, 2011, and was based on a similar study conducted in 2000 for 

filing the initial Tillery SMP (CP&L 2001) with the Federal Energy Regulatory Commission 

(FERC).  Similar study methods between the 2000 and 2011 allowed a comparison of any 

shoreline aquatic habitat changes over time since the initial SMP filing.  The only difference 

between the 2000 and 2011 studies was that substrate classifications were not performed in 2011.  

It was felt that substrate type would not substantially vary over the 10-year period between the 

studies.   

 

Six habitat types, important to fish and wildlife were identified and mapped during the study. The 

habitat types were: (1) emergent-submerged aquatic vegetation, (2) water willow beds, (3) water 

willow-submerged timber-woody debris, (4) submerged timber-woody debris, (5) fringed 

wetlands, and (6) scrub-shrub habitat. 

 

A total of 1,040 habitat type units were mapped around the entire shoreline of Lake Tillery with 

water willow beds (86% of the total mapped habitat units) the most frequently mapped habitat 

type.  The second and third most frequently mapped habitat types were water willow-woody 

debris and submerged timber-woody habitat types, respectively.  Water willow was the habitat 

type that comprised the greatest amount of linear feet of shoreline mapped followed by emergent-

submerged aquatic vegetation, scrub-shrub, and submerged timber-woody debris types. 

 

Water willow beds were dispersed throughout the lake and commonly found along developed 

and undeveloped shoreline units.  There were 896 water willow beds mapped throughout Lake 

Tillery with a total area of 1,119,143 ft
2
 or approximately 26 acres.  The number of water willow 

beds ≥ 100 ft
2
 (shoreline management guidelines cut-off size) comprised 89.4% (801 water 

willow beds) of the 896 mapped beds.  Water willow beds < 100 ft
2
 (95 beds) comprised 10.6% 

of the total mapped beds. By area, water willow beds  ≥ 100 ft
2 

comprised over 99% of the total 

mapped bed acreage.  The total area of water willow beds decreased slightly (11.1%) from 28.9 

acres (1,259,535 ft
2
) during the 2000 aquatic habitat mapping study compared to 25.7 acres in the 

2011 study.  Water willow beds  ≥ 100 ft
2
  decreased about 3 acres from 2000 to 2011.  However, 

the number of individual mapped beds  ≥ 100 ft
2
 increased from 502 beds mapped in the 2000 

study to 801 beds mapped in the 2011 study. 

 

Submerged timber-woody debris habitat was scattered throughout the lake shoreline with pockets 

of this habitat type primarily clustered in the upper portion of the lake on the Morrow Mountain 

State Park shoreline; in the middle reservoir area across from the Cedar Creek Complex arm of 

the lake; and in the lower lake adjacent to the Lower Richland Creek arm.   This habitat type was 

associated with steep-sided, deep coves along undeveloped shoreline where trees had fallen into 

the water due to periodic high winds from storms.   

 

Water willow-submerged timber-woody debris habitat was also scattered throughout the lake and 

units of this habitat type was most often found in the back of undeveloped coves where wave 

action accumulated woody debris.  Some units of this habitat were also found along developed 
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shoreline units.   

 

Scrub-shrub habitat was frequently encountered in the upper portion of the lake due to the 

number of islands just below Falls Dam and the peninsula adjacent to the confluence with the 

Uwharrie River.  This habitat type was also often associated with emergent-submerged aquatic 

vegetation habitat throughout the lake.  Scrub-shrub peninsulas resulted from the formation of 

sediment deltas at the confluence of lake tributaries.  

 

Fringed wetlands occurred infrequently throughout the lake along undeveloped shoreline, and 

patches of this habitat type were not concentrated in any particular area of the lake. 

 

Emergent-submerged aquatic vegetation habitat was scattered throughout the lake and most 

commonly associated with undeveloped shoreline units near the confluence of tributaries.  This 

habitat type is considered important because of the diversity of wetlands habitat present in these 

units and the associated positive habitat value for fish and wildlife habitat. These units also help 

to locally protect the lake’s water quality. Notable units of this habitat type were near the 

confluence of the Uwharrie River with the lake; Dutch John Creek; Mountain Creek; Jacobs 

Creek; Cedar Creek Complex arm; Richmond Creek; and Lower Richland Creek (upstream of 

the Lilly’s Bridge public boating access area). 

 

The number of all mapped habitat units increased from 655 to 1,040 in 2011.  Most habitat types 

increased from 2000 to 2011 with water willow beds having the greatest increase going from 561 

beds mapped in 2000 to 896 beds mapped in 2011. Submerged timberwoody debris habitat units 

increased from 8 to 42; fringed wetland habitat units increased from 11 to 19; water willow-

submerged timber-woody debris habitat units increased from 35 to 42; emergent-submerged 

vegetation habitat units increased from 15 to 16. The scrub shrub habitat type remained 

unchanged from 2000 to 2011 with 25 habitat units mapped.  

 

The linear amount of shoreline coverage by all habitat types increased from 188,868 feet mapped 

in 2000 to 190,284 feet in 2011.  Submerged timber-woody debris linear shoreline coverage 

increased by 70.2%; fringed wetland coverage increased by 44.1%; and scrub-shrub coverage 

increased by 17.3%.  Water willow-submerged timber/woody debris coverage decreased by 

46.6%; water willow bed linear shoreline coverage decreased by 5.4%; and emergent-submerged 

vegetation linear shoreline coverage decreased by 0.7%. 

 

Spatial changes in habitat types from 2000 to 2011 showed no consistent pattern throughout the 

lake.  Increases of submerged timber-woody debris occurred mainly along undeveloped shoreline 

in the main lake.  Spatial changes in water willow beds were a result of either smaller beds 

previously mapped or new beds observed in 2011 when compared to the 2000 habitat 

distribution.  There were no discernable spatial patterns in changes with the other habitat types 

during the 11-year period. 

 

 



Tillery Hydroelectric Development                                      Shoreline Aquatic Habitat Mapping Report 

 

Progress Energy Carolinas, Inc.    1

Introduction 

 

The purpose of this study was to identify and map six major types of aquatic habitat present 

along the shoreline and littoral zone of Lake Tillery.  The overall goal of the study was to provide 

information for updating the Lake Tillery Shoreline Management Plan (SMP) for the Tillery 

Hydroelectric Development (Yadkin Pee Dee Hydroelectric Project No. 2206). This study was 

developed through consultation with resource agencies on May 11, 2011 and was based on a 

similar study conducted in 2000 for filing the initial Tillery SMP (CP&L 2001) with the Federal 

Energy Regulatory Commission (FERC).  Similar study methods between the 2000 and 2011 

allowed a comparison of any shoreline aquatic habitat changes over time since the initial SMP 

filing.     

 

Shoreline aquatic and riparian habitat provides important habitat units for fish and other wildlife, 

such as reptiles (snakes and, turtles), amphibians (frogs, salamanders, etc.), and birds (raptors, 

waterfowl, wading birds, and neotropical migratory birds).  These units provide important 

reproductive, rearing and, foraging units for a variety of fish and other wildlife species.  Another 

function is to locally protect the lake’s water quality.  Finally, these units may have aesthetic 

appeal to some user groups who utilize the lake for recreational purposes.  Development of the 

Lake Tillery SMP has taken into consideration the various aquatic shoreline habitat units that are 

important in fulfilling these fish and wildlife life cycle functions, particularly in identifying 

unique natural and sensitive aquatic habitats and limiting or prohibiting development in these 

identified units within the lake. 

 

Study Objectives 
 
The objectives of this study were to:  (1) map the aquatic shoreline habitat of Lake Tillery 

utilizing Global Positioning System (GPS)/Geographical Information System (GIS) data 

collection techniques, (2) identify shoreline units that were considered of high value based on 

habitat diversity attributes such as sensitive spawning or rearing units, foraging units, or 

protective cover units for fish and/or other wildlife, and (3) identify aquatic plants (submerged, 

emergent, and floating vegetation types) and wildlife observed during the field habitat mapping 

phase of the study. 

 

Study Site Description 
 
Lake Tillery is a mestrophic lake with a surface area of 5,697 acres, a shoreline length of 

approximately 120 miles, and a drainage area of 4,834 square miles (Progress Energy 2006). The 

lake is 15 miles in length with a mean depth of 33 ft, and a maximum depth of 69 feet.  Land use 

around the impoundment is primarily forest, agricultural, pasture, and residential development 

(NCDWQ 2008).  The N.C. Division of Water Quality (NCDWQ) has classified the lake as WS-

IV, B CA, which is suitable for drinking water supplies and other consumptive uses and primary 

and secondary recreation (NCDWQ 2010). 

 

The Uwharrie River enters Lake Tillery to form the Pee Dee River at the confluence with the 

Yadkin River in the uppermost portion of the lake (Figure 1).  Other named tributaries entering 

the reservoir include Sugar Loaf Creek, Mountain Creek, Little Mountain Creek, Jacobs Creek, 
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Cedar Creek, Rocky Creek, Big Island Creek, Wood Run Creek, Upper Wood Run Creek, 

Davids Creek, Bunny Creek, Richmond Creek, Lower Richland Creek, and Dutch John Creek 

(NCDWQ 2010).  Morrow Mountain State Park borders the western shoreline in the upper 

portion of the impoundment located in Stanly County. The Uwharrie National Forest bounds the 

eastern shoreline of the upper portion of the lake in Montgomery County. 

 

Methods 
 
Progress Energy followed the same study methods used in the 2000 shoreline aquatic habitat 

mapping study (CP&L 2001).  Using the same study methodology allowed a direct comparison in 

any changes of the various shoreline aquatic habitat types over time and any necessary 

adjustments in the shoreline aquatic habitat classifications and SMP Guidelines. The 2000 study 

methods were review and approved by the N.C. Wildlife Resources Commission and the U.S. 

Fish & Wildlife Service and filed with FERC during December 2001 as part of the initial SMP 

for the Tillery Hydroelectric Development.  To validate the 2011 study methods, a meeting and 

subsequent field site visit was conducted on May 11, 2011, with N.C. Wildlife Resources 

Commission, N.C. Division of Water Quality, N.C. Division of Parks & Recreation, N.C. 

Natural Heritage Program, the Louis Berger Group, and Progress Energy.  Those agencies 

present during this meeting agreed that using the same study methods to map the shoreline 

aquatic habitat for updating the Lake Tillery SMP was the appropriate approach.  The only 

difference between the 2000 and 2011 studies was that substrate classifications were not 

performed in 2011.  It was felt that substrate type would not substantially vary over the 10-year 

period between the studies.   

 

Six habitat types were identified and defined as: 

 

(1) Habitat Type 1 (ESWT designation code)—Emergent-submerged wetlands aquatic 

vegetation habitat is defined as a diverse assemblage of herbaceous and woody plant species (not 

dominated by one species) in relatively shallow water habitat (generally less than 6 feet deep) 

and associated with a tributary stream. 
 

(2) Habitat Type 2 (SCSB designation code)—Scrub-shrub delta and island habitat has a 

diverse assemblage of herbaceous and woody plants and; associated with tributary streams, deltas 

or islands; and are transitional units from terrestrial to aquatic habitat types. 

 

(3) Habitat Type 3 (WWBD designation code)—Water willow bed habitat is defined as beds 

having at least four square feet (4ft
2
) in aerial coverage; sparse sprigs or isolated beds less than 

this areal coverage will not be mapped. 

 

(4) Habitat Type 4 (WWWD designation code)—Water willow and submerged timber-woody 

debris habitat is defined as a mixture of these types, typically associated with the back of coves 

with either a continuous or intermittent tributary stream. 

 

(5) Habitat Type 5 (STWD designation code)—Submerged timber-woody debris habitat 

consists of downed trees submerged in coves with at least 5 trees per 100 linear feet with 

diameters of 10 inches or greater at the trunk base.  This habitat type is generally associated with 
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deep water in a large portion of a cove or along main channel shoreline (10-20 feet in depth). 

 

(6) Habitat Type 6 (FRWT designation code)—Fringed wetland habitat has a diverse 

assemblage of herbaceous and woody plant (emergent-submerged and scrub-shrub) species in 

shallow water habitat (less than 6 feet) located along shoreline and not associated with a tributary 

stream. 

 

All water willow beds (≥ 4ft
2
) were re-mapped. The other habitat types were be evaluated based 

on the results from the 2000 mapping study to determine if those units have significantly changed 

in linear footage. If there was a change of 5% or greater in linear feet or new units identified (e.g. 

submerged timber-woody debris), then the habitat types were mapped. 

 

The shoreline units of each habitat type were mapped (including any island or peninsula habitats 

with scrub-shrub wetland and terrestrial vegetation) according to the methods given above.  Field 

note lists were compiled of the vegetation types in the mapped area.  Identifications were made to 

at least genus level, and species level, if taxonomic characteristics permit (NCSU 2010).  For 

wetlands units (Habitat Types 1 and 6), the areal coverage of each vegetation type was 

qualitatively estimated in the field notes and only mapped with GPS if the areal coverage 

exceeded 50% of the mapped area (including submerged aquatic vegetation).  Water willow beds 

(Habitat Type 3) were mapped for areal size with the GPS equipment.  If vegetation obstructions 

hindered use of the GPS equipment (acquisition of satellites), then manual on-ground 

dimensional measurements were made with a field measuring tape and entered into a field 

database which was linked to the GIS mapping data.  Areal estimates were also made for Habitat            

Type 4—water willow and submerged timber-woody debris.  Generally, this habitat was located 

in the back of coves.  The shoreline was mapped for submerged timber-woody debris units 

(Habitat Type 5), and no areal coverage was made for this habitat type.  Any piers, docks, or 

other manmade structures located in the mapped units were recorded and entered into field notes 

regarding the type and extent of development. 

 

Habitat Types 1 and 6 were commonly referred to as “wetlands”; but, these units were not strictly 

delineated as jurisdictional wetlands during this study according to criteria specified by the U.S. 

Corps of Engineers.  These units, however, had several attributes, such as high diversity of 

aquatic vegetation species and standing water, which were indicative of wetlands. 

 

U.S. Geological Survey topographical maps, aerial photos, and data collected in the 2000 study 

were also used to identify mapped units as part of the field data collection.  Digital photographs 

and/or other digital videography were taken of all mapped units with the exception of water 

willow beds.  Representative photographs were taken of this habitat type.  Other ancillary 

information, such as aquatic or terrestrial wildlife actively using mapped habitats, was recorded 

in field notes during the study.  Any other significant features that were of interest were also 

recorded in the field notes. 

 

Shoreline habitat mapping of Lake Tillery was conducted from June through August 2011.  The 

entire lake shoreline was traversed with an airboat, habitat identified, and mapped electronically 

with a Global Positioning System (GPS) instrument (Trimble Geo XT with sub-meter accuracy).  
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The GPS data were differentially corrected for true geographical position using post-processing 

techniques (i.e., base station correction data).  If differential corrections were unavailable, 

manual hand corrections were made.  The GPS data were recorded in ARCVIEW electronic data 

files and imported into GIS for map compilation of shoreline habitat types.  Because of time 

constraints, most habitat types were mapped as linear distances; however, in some instances, the 

areal coverage was also obtained (e.g., water willow bed). Shoreline linear distances were 

calculated using the shoreline length that a given habitat covers and the perimeter of units 

mapped. 

 

During habitat mapping, observations were made on the terrestrial (riparian) and aquatic 

vegetation types present in each mapped area.  Dominant vegetation types were qualitatively 

ranked as those species comprising at least 10% of the areal coverage in the mapped area.  

Identification of plants was made to at least genus level, and species level, where taxonomic 

characteristics permitted.  Taxa lists of plants and wildlife observed during the habitat mapping 

were compiled for each habitat type. 

 

Habitat types were recorded with the character nomenclature and sequential numbers assigned to 

mapped units within each habitat type (e.g., third wetland area mapped in the lake—ESWT-3). 

An effort was made to match these habitat number designations to units formally mapped in the 

2000 study with the exception of water willow beds and water willow woody debris units. 

 

A voucher collection of new vegetation types will be established and maintained at Progress 

Energy’s herbarium located at the Harris Visitors Center. Vegetation specimens collected during 

the study will be compared to existing voucher specimens catalogued in the herbarium collection.  

This collection will be the basis of correct identification of wetland plant types.  References that 

may be used for plant identification include Beal (1977) and Schmidt (1990).   

 

Results and Discussion 

 

A total of 1,040 habitat type units were mapped along the entire shoreline of Lake Tillery    

(Table 1).  Water willow beds (WWBD) were the most frequently mapped habitat type and 

comprised approximately 86% of the total mapped habitat types.  The second and third most 

frequently mapped habitat types were water willow-woody debris and submerged timber-woody 

habitat types, respectively (Table 1). Water willow beds also had the most mapped linear feet, 

followed by emergent/submerged aquatic vegetation, scrub-shrub, and submerged timber-woody 

debris units (Table 1).  The distribution of mapped shoreline aquatic habitat types throughout the 

lake is shown in Figure 8.   

 

Water willow was commonly encountered in developed and undeveloped shoreline units 

throughout the lake and some extensive beds occurred in the vicinity of boat docks and shoreline 

bulkheads (Figure 8).  There were 896 water willow beds mapped throughout Lake Tillery with a 

total area of 1,119,143 ft
2
 or approximately 26 acres (Table 1).  The number of water willow 

beds ≥ 100 ft
2
 (shoreline management guidelines cut-off size

6
) was 801 beds (89.4% of the 896 

                                                           
6
 FERC Order 112 PERC ¶62. 189  (Issued September 1, 2005) approved 100 ft

2
  as the management guideline size 

for  protection and enhancement of water willow beds in Lake Tillery. Progress Energy uses greater than or 
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mapped beds) compared to 95 beds < 100 ft
2
 (10.6% of total mapped beds). Water willow beds 

≥  100 ft
2
 comprised over 99% of the total mapped area of 26 acres.  By area, water willow beds 

≥ 100 ft
2 

comprised over 99% of the total mapped bed acreage.  The total area of all mapped 

water willow beds decreased slightly (11.1%) from 28.9 acres (1,259,535 ft
2
) in the 2000 aquatic 

habitat mapping study compared to 25.7 acres in the 2011 study (Progress Energy 2005).  Water 

willow beds  ≥ 100 ft
2
 decreased about 3 acres from 2000 to 2011.  However, the number of 

individual mapped beds ≥ 100 ft
2
 increased from 502 beds mapped in the 2000 study to 801 beds 

mapped in the 2011 study.   

 

This perennial habitat type provides protective cover and feeding units for young and adult fish.  

Water willow provides a seasonal cover during the spring through autumn months and senesces 

with colder temperatures and shorter daylight length associated with winter months.   

 

Water willow-submerged timber-woody debris (WWWD) units were also scattered throughout 

the lake, and pockets of this habitat type were most often found in the back of undeveloped coves 

where wave action accumulated woody debris.  Some pockets of this habitat were found along 

developed shoreline units.  This habitat also provided protective cover for juvenile fish nesting 

units for nest-building centrarchids, and basking units for amphibians and reptiles. 
 

Submerged timber-woody debris (STWD) habitat units were also scattered along the lake 

shoreline with pockets of this habitat clustered in the upper portion of the lake on the Morrow 

Mountain State Park west shoreline; in the middle lake area across from the Cedar Creek 

Complex; and in the lower lake adjacent to the Lower Richland Creek arm (Figure 8).  This 

habitat type was most often associated with steep-banked, deep coves along undeveloped 

shoreline where trees had fallen into the water due to periodic high winds from storms.  This 

habitat also provides protective cover for both juvenile and adult fish, fish spawning units in the 

shallower parts of the coves, and basking units for amphibians and reptiles. 

 

Scrub-shrub habitat (SCSB) was frequently encountered in the upper portion of the lake due to 

the number of islands just below Falls Dam and the peninsula adjacent to the confluence with the 

Uwharrie River (Figures 1 and 8).  This habitat type was often associated with                

emergent-submerged wetlands aquatic vegetation habitat type throughout the lake.  With the 

exception of islands, scrub-shrub habitat was most likely formed as the result of sedimentation 

input from adjacent tributaries part which formed silt deltas of a delta that resulted from sediment 

accumulation over time. 

 

Fringed wetlands (FRWT) also occurred infrequently throughout the lake, mainly along 

undeveloped shoreline units (Figure 8).  These patches of habitat were not concentrated in any 

particular area of the lake. 

 

Emergent-submerged wetlands aquatic vegetation (ESWT) habitat units were also scattered 

throughout the lake and commonly associated with undeveloped shoreline units near the 

confluence of tributaries (Figure 8).  Notable units of this habitat type were near the confluence 

of the Uwharrie River with the lake, the Mountain Creek arm, the Jacobs Creek arm, the Cedar 

                                                                                                                                                                                           

equal to 100 ft
s
 for water willow beds as part of its shoreline permitting guidelines. 
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Creek Complex arm, the Richmond Creek arm, and the Lower Richland Creek arm (adjacent to 

Lilly’s Bridge boating access area).  These units are considered of high wildlife habitat value 

because of the diversity of aquatic vegetation, the local water quality protection benefits, and the 

shallow backwater nature of this habitat type.  Centrarchids (sunfish family) spawning nests were 

frequently encountered in emergent-submerged aquatic vegetation units.  Additionally, this 

habitat also provided important breeding units for reptiles and amphibians and foraging and 

resting habitat for waterfowl, wading birds, and raptors.   

 

A total of 38 aquatic and riparian terrestrial plant taxa were observed for both water willow bed 

and water willow-woody debris habitat types; 39 plant taxa for the submerged timber-woody 

debris habitat type; 40 plant taxa for the emergent-submerged aquatic vegetation habitat type; 

41 plant taxa for the fringed wetland habitat type; and 55 plant taxa for the scrub-shrub habitat 

type (Table 3).   

 

Dominant plant taxa that were most frequently associated with the emergent-submerged aquatic 

vegetation habitat and fringed wetlands habitat types included arrowhead, black willow, common 

cat-tail, common rush, creeping water primrose, great bulrush, pickerelweed, rose mallow, tag 

alder, unidentified panic grass species, and water willow (Table 3). 

 

For scrub-shrub habitat, the dominant species were black willow, common rush, green ash, 

loblolly pine, red maple, tag alder, water oak, and water willow. 

 

Lyngbya (filamentous blue-green algae), red maple, sweet gum, tag alder, green ash, loblolly 

pine, red cedar, sourwood, southern red oak, sycamore, tulip poplar, and water willow were 

dominant taxa in either the water willow-woody debris or submerged timber-woody debris 

habitat types. 

 

Water willow bed habitat had the following dominant plant taxa—water willow, dodder 

(parasitic plant associated with water willow), Lyngbya, and tag alder. 

 

The number of habitat area types increased from 655 to 1,040 in 2011 (Tables 1 and 2).  Most of 

the habitat types increased from 2000 to 2011 with water willow beds having the greatest 

increase going from 561 beds mapped in 2000, to 896 beds mapped in 2011. Submerged timber -

woody debris habitat units increased from 8 to 42; fringed wetland habitat units increased from 

11 to 19; water willow-submerged timber-woody debris habitat units increased from 35 to 42; 

emergent-submerged wetlands aquatic vegetation habitat units increased from 15 to 16. Scrub- 

shrub habitat types stayed the same in both years surveyed with 25 habitat area mapped.  

 

The linear shoreline shore line coverage by all habitat types increased from 188,868 feet mapped 

in 2000, to 190,284 feet in 2011.  Submerged timber-woody debris linear shoreline coverage 

increased by 70.2%; fringed wetland linear shoreline coverage increased by 44.1%; and scrub- 

shrub linear shoreline coverage increased by 17.3%.  Water willow-submerged timber-woody 

debris linear shoreline coverage decreased by 46.6%; water willow bed linear shoreline coverage 

decreased by 5.4%; and emergent-submerged wetlands aquatic vegetation linear shoreline 

coverage decreased by 0.7%. 
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Spatial changes in habitat types from 2000 to 2011 showed no consistent pattern throughout the 

lake.  Increases of submerged timber-woody debris occurred mainly along undeveloped shoreline 

in the main lake.  Spatial changes in water willow beds were a result of either smaller beds 

previously mapped or new beds observed in 2011 when compared to the 2000 habitat 

distribution.  There were no discernable spatial patterns in changes with the other habitat types 

during the 11-year period. 

 

Summary 

 

A shoreline habitat mapping study was conducted at Lake Tillery during June through August 

2011.  The overall goal of the study was to provide information for updating the Lake Tillery 

Shoreline Management Plan (SMP) for the Tillery Hydroelectric Development (Yadkin-Pee Dee 

Hydroelectric Project No. 2206).  The study was developed through consultation with resource 

agencies on May 11, 2011 and was based on a similar study conducted in 2000 for filing the 

initial Tillery SMP (CP&L 2001) with the Federal Energy Regulatory Commission (FERC) 

during December 2001.  Similar study methods between the 2000 and 2011 allowed a 

comparison of any shoreline aquatic habitat changes over time since the initial SMP filing.  The 

only difference between the 2000 and 2011 studies was that substrate classifications were not 

performed in 2011.  It was felt that substrate type would not substantially vary over the 10-year 

period between the studies.   

 

A total of 1,040 habitat types units were mapped around the entire shoreline of Lake Tillery with 

water willow beds (86% of the total mapped habitat units) the most frequently mapped habitat 

type. The second and third most frequently mapped habitat types were water willow-woody 

debris and submerged timber-woody habitat types, respectively.  Water willow was also the 

habitat type with the most linear feet mapped followed by emergent/submerged aquatic 

vegetation, scrub-shrub, and submerged timber-woody debris units. 

  

Water willow beds were dispersed throughout the lake and commonly found in developed and 

undeveloped shoreline units. There were 896 water willow beds mapped throughout Lake Tillery 

with a total area of 1,119,143 ft
2
 or approximately 26 acres.  The number of water willow beds 

≥ 100 ft
2
 (shoreline management guidelines cut-off size) was 801 beds (89.4% of the 896 

mapped beds) compared to 95 beds < 100 ft
2
 (10.6% of total mapped beds). Water willow beds 

≥  100 ft
2
 comprised over 99% of the total mapped area of 26 acres.  By area, water willow beds 

≥ 100 ft
2 

comprised over 99% of the total mapped bed acreage.  The total area of all mapped 

water willow beds decreased slightly (11.1%) from 28.9 acres (1,259,535 ft
2
) in the 2000 aquatic 

habitat mapping study compared to 25.7 acres in the 2011 study.  Water willow beds  ≥ 100 ft
2
 

area decreased about 3.2 acres from 2000 to 2011.  However, the number of individual mapped 

beds ≥ 100 ft
2
 increased from 502 beds mapped in the 2000 study to 801 beds mapped in the 

2011 study.  

 

Spatial changes in habitat types from 2000 to 2011 showed no consistent pattern throughout the 

lake.  Increases of submerged timber-woody debris occurred mainly along undeveloped shoreline 

in the main lake.  Spatial changes in water willow beds were a result of either smaller beds 
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previously mapped or new beds observed in 2011 when compared to the 2000 habitat 

distribution.  There were no discernable spatial patterns in changes with the other habitat types 

during the 11-year period. 

 

A total of 38 aquatic and riparian terrestrial plant taxa were observed for both water willow bed 

and water willow-woody debris habitat types; 39 plant taxa for the submerged timber-woody 

debris habitat type; 40 plant taxa for the emergent-submerged aquatic vegetation habitat type; 41 

for the fringed wetland habitat type; and 55 plant taxa for the scrub-shrub habitat type. Generally, 

the number of aquatic plant species was greater for wetland types of habitat—emergent-

submerged aquatic vegetation habitat and fringed wetlands habitat.  Scrub-shrub habitat units had 

a greater number of terrestrial riparian vegetation taxa compared to aquatic vegetation taxa. 

 

Submerged timber-woody debris habitat units occurred infrequently along the lake shoreline with 

pockets of this habitat clustered in the upper portion of the lake on the Morrow Mountain 

shoreline; in the middle lake area across from the Cedar Creek Complex arm of the lake; and in 

the lower lake adjacent to the Lower Richland Creek arm of the lake.   This habitat type was most 

often associated with steep-banked, deep coves along undeveloped shoreline where trees had 

fallen into the water due to periodic high winds from storms.   

 

Water willow-submerged timber-woody debris units were also scattered throughout the lake and 

pockets of this habitat type were most often found in the back of undeveloped coves where wave 

action accumulated woody debris.  Some pockets of this habitat were found in developed 

shoreline units.   

 

Scrub-shrub habitat was frequently encountered in the upper portion of the lake due to the 

number of islands just below Falls Dam and the peninsula adjacent to the Uwharrie River 

confluence.  This habitat type was often associated with emergent-submerged aquatic vegetation 

habitat throughout the lake.  Scrub-shrub habitat was most likely formed as the result of 

sedimentation input from adjacent tributaries part which formed silt deltas that resulted from 

sediment accumulation over time. 

 

Fringed wetlands occurred infrequently throughout the lake, mainly along undeveloped shoreline 

units, and patches of this habitat type were not concentrated in any particular area of the lake. 

 

Emergent-submerged aquatic vegetation habitat units were scattered throughout the lake and 

commonly associated with undeveloped shoreline units near the confluence of tributaries.  These 

units were often considered as environmental natural or sensitive units because of the wetlands 

vegetation diversity, the local water quality protection benefits, and the high value shallow water 

habitat present for fish and wildlife.  Notable units of this habitat type were near the confluence 

of the Uwharrie River with the lake, the Mountain Creek arm, the Jacobs Creek arm, the Cedar 

Creek Complex arm, the Richmond Creek arm, and the Lower Richland Creek arm (adjacent to 

Lilly’s Bridge boating access area). 
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Table 1. Shoreline habitat types and total linear distance (feet) of each habitat type 

mapped in Lake Tillery during June-August 2011. 
 

 

Habitat Type 

Number of 

Mapped Units 

Total Linear Distance (Feet) of 

Mapped Habitat 

Emergent-submerged vegetation 16 52,304 

 

Scrub-shrub units 25 26,463 

 

Water willow beds 896 76,631 

 

Water willow-submerged timber-

woody debris 42 8,697 

 

Submerged timber-woody debris 42 17,186 

 

Fringed wetlands 19 9,003 

 

Total mapped habitat units 1,040 190,284 

 

 

 

 

Table 2. Shoreline habitat types and total linear distance (feet) of each habitat type 

mapped in Lake Tillery during July-August 2000.
+ 

 

 

Habitat Type 

Number of 

Mapped Units 

Total Linear Distance (Feet) of 

Mapped Habitat 

Emergent-submerged vegetation 15 52,681 

 

Scrub-shrub units 25 22,552 

 

Water willow beds 561 81,001 

 

Water willow-submerged timber-

woody debris 35 16,290 

 

Submerged timber-woody debris 8 10,096 

 

Fringed wetlands 11 6,248 

 

Total mapped habitat units 655 188,868 

 
+
 Revisions were made to the linear distance (feet) of mapped habitat from the 2000 shoreline aquatic 

habitat mapping results after an error in calculation was identified during a Quality Control review of 

the 2000 GIS data.  
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Table 3. Plant and wildlife species observed for each habitat type during the Lake 

Tillery shoreline aquatic habitat mapping study, June-August 2011. 
 

Habitat Type
+ 

Plant species Wildlife species 

Emergent Arrowhead� Banded water snake 

Submerged  Black willow� Barn swallow 

Wetlands (ESWT) Bladderwort Belted kingfisher 

 Blue false indigo Bluegill 
 Brittle naiad Colonial bryozoans 
 Bulrush Common crow 
 Button bush Gizzard shad 
 Common cat-tail� Grass carp 
 Common duckweed Great blue heron 
 Common rush� Great egret 
 Creeping water primrose� Green heron 
 Dodder (parasitic plant) Kildeer 
 Elephant ear Largemouth bass 
 Elderberry Mallards 
 Four-angled spike-rush Muskrat 
 Giant duckweed Osprey 
 Great bulrush� Painted turtle 
 Honey locust Redwing blackbird 
 Hop-like sedge Unidentified Song birds 
 Hydrilla Water turkey 
 Lizard tail  
 Lyngbya (bluegreen algae)  
 Mock Bishop’s-weed  
 Muskgrass  
 Pickerelweed�  
 Poison ivy  
 Rose mallow�  
 Smartweed  
 Southern naiad  
 Spadder dock  
 Spike-rush  
 St. John’s wort  
 Tag alder�  
 Umbrella sedge  
 Unidentified bulrush species  
 Unidentified panic grass species�  
 Unidentified sedge species  
 Water oak  
 Water willow�  

 Wild Celery  
   

Total ESWT Taxa 40 20 
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Table 3  (continued) 

Habitat Type
+ 

Plant species Wildlife species 

Scrub Shrub American holly Bald eagle 

(SCSB) Arrowhead   Barn swallow 

 Beech Belted kingfisher 
 Black gum Bluegill 
 Black willow� Common crow 
 Blue false indigo Gizzard shad 
 Blueberry Grass carp 
 Bulrush Great blue heron 
 Button bush Great egret 
 Common cat-tail Green heron 
 Common rush� Mallards 
 Creeping water primrose Painted turtle 
 Dodder (parasitic plant) Redwing blackbird 
 Dogwood  
 Elderberry  
 Green ash�  
 Hickory  
 Honey locust  
 Hydrilla  
 Lespedeza  
 Loblolly pine�  
 Mimosa  
 Mistletoe  
 Muskgrass (Chara)  
 Persimmon  
 Pickerelweed  
 Poison ivy  
 Pokeweed  
 Red cedar  
 Red maple�  
 River birch  
 Rose mallow  
 Sassafras  
 Shortleaf pine  
 Cat briar (Smilax)   
 Sourwood  
 Southern red oak  
 Spike rush  
 St. John’s wort  
 Sumac species  
 Swamp bay  
 Sweetgum  
 Sycamore  
 Tag alder�  
 Tulip poplar  
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Table 3  (continued) 

Habitat Type
+ 

Plant species Wildlife species 

Scrub Shrub Unidentified hickory species  

(SCSB) Unidentified panic grass species  

 Virginia creeper  

 Water oak�  

 Water willow�  
 White mulberry  
 White oak  
 Wild grape  
 Willow oak  
 Winged sumac  

Total SCSB 

Taxa 

 

55 

 

13 
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Table 3  (continued) 

Habitat Type
+ 

Plant species Wildlife species 

Water Willow Arrowhead American coot 

Bed (WWBD) Black willow Bald eagle 

 Blue false indigo Banded water snake 
 Brittle naiad Barn swallow 
 Button bush Belted kingfisher 
 Common cattail Bluegill 
 Common duckweed Canada goose 
 Creeping water primrose Channel catfish 
 Dodder (parasitic plant)

 � Colonial bryozoans 
 Dogbane Common crow 
 Dogwood Eastern mosquitofish 
 Elephant ear Gizzard shad 
 Elderberry Golden shiner 
 Four-angled sedge Great blue heron 
 Honey locust Grass carp 
 Hydrilla Green heron 
 Knot weed Grey squirrel 
 Lizard tail Largemouth bass 
 Lyngbya (bluegreen algae)

 � Mallards 
 Mimosa Mourning dove 
 Morning glory Muskrat 
 Muskgrass (Chara)

 
 Osprey 

 Paw-paw Painted turtle 
 Pickerelweed Redbreast sunfish 
 Pokeberry Ruby throated hummingbird 
 Red bud Threadfin shad 

 River birch Wood duck 
 Rose mallow Whitetail deer 
 Silky dogwood Yellow perch 
 Smartweed  
 Smilax  
 Tag alder�  

 Unidentified bulrush species  
 Water oak  
 Water willow�  

 Wild grape  
 Winged sumac  
 Wisteria  
   

Total WWBD 

Taxa 38 29 
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Table 3  (continued) 

Habitat Type
+ 

Plant species Wildlife species 

Water Willow American holly Belted kingfisher 

Submerged Arrowhead Bluegill 

Timber Black gum Common crow 

Woody Debris Blue false indigo Gizzard shad  

(WWWD) Button bush Grass carp 

 Common duckweed Great blue heron 

 Creeping water primrose Green heron 

 Dodder (parasitic plant) Largemouth bass 
 Dogwood Mallards 
 Elderberry Osprey 
 Elephant ear Painted turtle 
 Giant duckweed Snapping turtle 
 Green ash Wood thrush 
 Honey locust Yellow perch 
 Lizards tail  
 Loblolly pine  
 Lyngbya (bluegreen algae)�  
 Pickerelweed  
 Pondweed  
 Red cedar  
 Red elm  
 Red maple�  
 River birch  
 Rose mallow  
 Scarlett oak  
 Silky dogwood  
 Sourwood  
 Southern red oak  
 Sweetgum�  
 Sycamore  
 Tag alder�  
 Tulip poplar  
 Virginia pine  
 Water fern  
 Water oak  
 Water willow�  
 White oak  
 Wild grape  
   

Total WWWD 

Taxa 

38 14 
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Table 3   (continued) 

Habitat Type
+ 

Plant species Wildlife species 

Submerged American holly Bald eagle 

Timber Arrow head Banded water snake 

Woody Debris Beech Belted kingfisher 

(STWD) Black gum Bluegill 

 Black oak Gizzard shad 
 Chestnut oak Great blue heron 
 Dogwood Painted turtle 
 Green ash� Pumpkinseed 
 Hackberry Redbreast sunfish 
 Hickory species Wood duck 
 Honey locust  
 Loblolly pine�  
 Lyngbya (bluegreen algae)  
 Mockernut hickory  
 Persimmon  
 Red cedar�  
 Red elm  
 Red maple�  
 River birch  
 Scarlet oak  
 Silky dogwood  
 Shortleaf pine  
 Sourwood�  
 Southern red oak�  
 Swamp bay  
 Swamp chestnut oak  

 Sweet gum�  

 Sycamore�  

 Tag alder  
 Trumpet creeper  
 Tulip poplar�  
 Virginia pine  
 Water oak  
 Winged elm  
 Winged sumac  
 Witch hazel  
 White oak  
 Wild grape  
 Willow oak  
   

Total STWD 

Taxa 

 

39 10 
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Table 3   (continued) 

Habitat Type
+ 

Plant species Wildlife species 

Fringed American holly Barn swallow 

Wetland Arrowhead� Belted kingfisher 

(FRWT) Black willow Canada goose 

 Blue false indigo Muscovy duck 
 Brittle naiad Gizzard shad 
 Bulrush Great blue heron 
 Button bush Green heron 
 Common cat-tail Kingbird 
 Common duckweed Mallards 
 Common rush� Painted turtle 
 Creeping water primrose Redwing blackbird 
 Dodder (parasitic plant) White-tailed deer 
 Elephant ear  
 Giant duckweed  
 Great bulrush  
 Green ash  
 Honey locust  
 Hydrilla  
 Japanese grass  
 Knot weed  
 Loblolly pine  
 Mimosa  
 Muskgrass (Chara)  
 Pickerelweed�  
 Red cedar  
 Red maple  
 River birch  
 Rose mallow�  
 Smartweed  
 Southern najas  
 Southern red oak  
 Spike-rush  
 St. John’s Wart  
 Sweetgum  
 Sycamore  
 Tag alder�  

 Tulip poplar  
 Unidentified panic grass  
 Water oak  
 Water willow�  
 Willow oak  
   

Total FRWT 

Taxa 

 

41 12 
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 Table 3   (continued) 
 
+ 

Habitat type designations were as follows:  (1) ESWT—emergent-submerged wetlands aquatic 

vegetation habitat, (2) SCSB—scrub-shrub habitat consisting of islands or peninsulas 

associated with emergent-submerged wetlands aquatic vegetation habitat.  (3) WWBD—

water willow bed habitat, (4) WWWD—water willow-submerged timber-woody debris 

habitat, (5) STWD—submerged timber-woody debris habitat, and (6) FRWT—fringed 

wetlands habitat. 

 
� The vegetation type was judged as a dominant species in the mapped habitat, having an aerial 

coverage of at least 10%. 
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Figure 1. Map of Lake Tillery, North Carolina. 
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Figure 2. Photograph of emergent-submerged wetlands aquatic vegetation habitat type 

located in Dutch John Creek arm of Lake Tillery. 

 

 
 

 

Figure 3. Photograph of scrub-shrub habitat type associated with emergent-submerged 

wetlands aquatic vegetation habitat type located at the Jacobs Creek 

confluence in Lake Tillery. 
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Figure 4. Photograph of water willow bed habitat type associated with developed 

shoreline located in the lower Richmond Creek arm of Lake Tillery. 
 

 
 

Figure 5. Photograph of water willow-submerged timber-woody debris habitat 

associated with shoreline near the mouth of Rocky Creek in Lake Tillery. 
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Figure 6. Photograph of submerged timber-woody debris type associated with 

shoreline at Morrow Mountain State Park near the base of Tater Top 

Mountain. 

 
 

Figure 7. Photograph of fringed wetland habitat type associated with shoreline located 

along the Morrow Mountain State Park shoreline of Lake Tillery. 
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Figure 8.  GIS mapping of shoreline aquatic habitat types located along the shoreline of Lake Tillery. 
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Figure 8  (continued) 
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Figure 8  (continued) 
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Figure 8  (continued) 
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Figure 8  (continued) 
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Figure 8  (continued) 
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Figure 8  (continued) 
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Landscaping with Native Plants in a 

Riparian Buffer Area 
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Introduction 
 
hat’s the hottest news in landscaping?   
 

NATIVE PLANTS 
  
Native Plants have been around for many thousands of years, adapting themselves to their 
habitats and just recently we have begun to appreciate their beauty. 
 
When landscaping with native plants you enter into a new way of looking at your lot and the 
adjacent land.  Instead of following the base rule of landscaping you let nature do what it 
has been doing successfully for many years, then modify those concepts to suit your own 
personal vision. 
 
Landscaping native is our way of letting Mother Nature do her job with our help.  Native 
plants offer us a wonderful alternative, because they are self-sufficient, reduce 
maintenance, environmentally friendly and do not need chemical pesticides, herbicides and 
fertilizers. 
 
Progress Energy strongly recommends that the leased land remain natural and enhanced 
with plants native to the area.   We encourage the lessees to landscape their property 
adjacent to Company’s property with native trees and plants as well. 
 
Progress Energy’s goal is to protect and improve water quality by adding and retaining 
existing shoreline vegetation.  Native plants and the natural environment provide food and 
habitat for animals, filter nutrients, sediments, and other pollutants from runoffs; provide 
shade and cover for fish; minimize shoreline erosion; and contribute to shoreline aesthetics.    
 
Progress Energy seeks to increase awareness of the impact of pesticides, herbicides and 
fertilizers on the lake ecosystem.  The Company recommends the use of native plants to 
protect the riparian buffer area around Lake Tillery.    
 
We encourage natural landscaping (environmentally beneficial landscaping), this means 
using native plants and employing landscaping practices and technologies that conserve 
water and prevent pollution.  The use of native plants not only protects and provides wildlife 
habitat, but also reduces fertilizer, pesticide, and herbicide pollution and generates long-
term cost savings.          
 
The purpose of this material is to recommend landscaping with native plants in the riparian 
buffer area adjacent to Lake Tillery. Landscaping with native plants is environmentally 
sensitive and aesthetically pleasing. We have gone to several sources and did extended 
research to get help in this endeavor.  We will include references that will give more insight 
into landscaping with native plants, including places in the area and outside for the 
purchase of native trees, shrubs, plants, etc. Parties that landscape with native plants can 
be assured they have contributed to the improvement of water quality and wildlife habitat.  

W



 

 

What is a Riparian Buffer Area 
     A riparian buffer area is an area beside a body of water that serves as a zone of protection 

between the body of water and the various upland uses. The buffer area is most effective 
in a natural and undisturbed state.  

 
 
 

Why is A Riparian Buffer Area Important? 

1. The roots of trees and other vegetation anchor the soil and keep it in place. 

2. Takes the energy from rain by slowing it down and allowing it to absorb into the 
ground thus preventing erosion.  

3. Improves water quality by filtering and trapping chemical contaminates. 

4. Allows microbial decomposition to take place where chemical contaminants can 
be changed to nontoxic forms. 

5. Supplies food and habitat for fish and wildlife.  

6. Corridor of movement for wildlife. 

7. Promotes biodiversity and environmental stewardship. 

8. Provide food and shelter for native wildlife. 

9. Adapted to local weather and soil conditions and generally requires less maintenance 
(designed for area). 

10. Usually more resistant to local pest populations. 

11. Do not require pesticides and fertilizers because of natural adaptations. 

12. Low maintenance. 

13. No mowing. 

14. Nature purifies water best filtering pesticide, herbicides and fertilizers out before they 
reach our source of drinking water. 

15. Fish in cooler cleaner waters. Trees and brushes along the shoreline provide cooler 
habitat for fish during the warmer months. 

16. Dogwood or other trees of similar height will cause only minimal damage if they should 
fall onto a house or boathouse. 

 



 

 

Zones of A Riparian Buffer Area  Zones of A Riparian Buffer Area  Zones of A Riparian Buffer Area  Zones of A Riparian Buffer Area   
Zone A – Upland Zone 
Zone B – Upper Slope 
Zone C – Lower Slope 
Zone D – Waters Edge 
Zone E – Inundated  
 

Zones A – D should be undisturbed and a minimum of 30 feet wide. A greater distance is 
preferable and more environmentally advantageous.   



 

 

Why Landscape with Native Plants in the Why Landscape with Native Plants in the Why Landscape with Native Plants in the Why Landscape with Native Plants in the 

Riparian Buffer Area?Riparian Buffer Area?Riparian Buffer Area?Riparian Buffer Area?    

1. Native plants are adapted or best suited to the area. 

2. Native plants offer the greatest rate of survival  

3. Provide bio-diversity of plant life. 

4. Benefit a large number of wildlife species.  

5. Low maintenance, allowing more time to enjoy recreational activities. 

6. Native plants are rarely invasive. 

7. Maintain and improve soil fertility, reduce erosion.  

8. Saves time and money. 

9. More resistant to pests and diseases reducing the need for pesticides and herbicides. 

10. Once established native plants do not require watering or fertilizing. 

11. The greater the diversity of native plants used increases the likelihood of uncommon or rare 
species of wildlife being attracted to the area. 

12. Varying flowers, foliage, color, form and texture of native plants allows the creation of 
distinctive natural landscapes that are aesthetically pleasing.     

13. You are working with nature to make the environment better. 

 

 

 



 

 

Landscaping  

For Wildlife 
Wildlife is a product of the land and the plants living thereon. Acorns, hickory nuts and 
dogwood berries are among the best-known plants, which provide food for a variety of 
animals.  Large hardwood trees provide nesting cavities for wood ducks, flying squirrels 
and screech owls. Mature pine trees are used as roosting sites for wild turkeys while 
younger pines make escape cover for cottontail rabbits and white –tailed deer. Grasses 
provide nesting cover for grasshopper sparrows. In short, it is important to offer a 
variety of plants in order to provide for the greatest diversity of wildlife. 

Below is a list of native plants, which may be useful in landscaping for your home and 
property. We stress native plants because there are many examples of non-native 
plants which are considered invasive and which may become difficult to control. 
Examples of non-native invasive include kudzu, English ivy, wisteria, and Japanese 
honeysuckle.  

 

Deciduous Trees  
 

  
Red maple Acer rubrum 
Sugar maple Acer saccharum 
Serviceberry amelanchier arborea 
Shagbark hickory Carya ovata 
Chestnut (hybrid) Castanea sp. 
Hackberry Celtis occidentalis 
Redbud Cercis canadensis   
Fringetree Chionanthus vurginicus 
Flowering dogwood Cornus florida 
Pesimmon  Diospyros virgininiana 
Honey locust Gleditsia triancanthos 
Sweetgum Liquidambar styraciflua 
Yellow poplar Lirodendron tulipifera 
Blackgum Nyssa sylvatica 
Sourwood Oxydendron arboreum  
Sycamore Platanus occidentalis 
Black cherry Prunus serotina 

White oak Quercus alba 
Scarlet oak Quercus coccinea 
So. red oak Quercus falcata 
Cherrybark oak Quercus falcata var. pagodaefolia 
Water oak Quercus nigra 



 

 

Willow oak Quercus phellos 
Chestnut oak Quercus prinus 
Red oak Quercus rubra 
  

Evergreen trees 
 

  
American holly Ilex opaca 
Eastern red cedar Juniperus virginiana 
Loblolly pine Pinus taeda 

 
Evergreen shrubs 

 

  
Inkberry Ilex glabra 
Mountain laurel Kalmia latifolia  
Wax myrtle Myrica cerifera 
Rhododendron Rhododendron catawbiense 
Strawberry bush Euonymus americana 

 
Deciduous shrubs 

 

  
Red chokeberry Aronia arbutifolia 
Black chokeberry Aronia melanocarpa 
Amer. Beauty-berry  Callicarpa americana 
Sweetshrub Calycanthus floridus 
Chinquapin Castanea pumila 
Sweet pepperbrush Clethra alnifolia 
Gray dogwood Cornus racemosa 
Wahoo Euonymus atropurpurus 
Witch-alder Fothergilla spp. 
Winterberry Ilex verticillata 
Wild plum Prunus angustifolia or P. umbellata 
Staghorn sumac Rhus typhina 
Elderberry Sambucus canadensis 
Blueberries  Vaccinium spp. 
Possumhaw Viburnum nudum 
Black haw Viburnum rufidulum 
Yellowroot  Xanthorhiza simplicissima 

 
Ground covers 

 

  
Lady fern Athyrium filix-femina 
Blazing star Liatris graminifolia 
Wood sorrel Oxalis spp. 
Bird-foot violet Viola pedata 

  



 

 

 

 

Ornamental grasses  

  
Bluestem/broomstraw Andropgon spp. 
Virginia wild rye Elymus virginicus 
Deertongue grass Dichanthelium candestinum 
Swichgrass Panicum virgatum 
Indiangrass Sorghastrum nutans 
Eastern gamagrass Tripsacum datyloides 
River oats Uniola paniculata 

 
Flowering perennials 

 

  
Wild columbine Aquilegia canadensis 
Butterfly weed Asclepias tuberosa 
Beggar-ticks Bidens spp. 
Partridge pea Chamaecrista fasciculata (annual, but reseeds 

well) 
Coreopsis Coreopsis spp. 
Buttlerfly pea Centrosema virginianum 
Queen Anne's lace Daucus carota 
Tickclover Desmodium spp. 
Geum Geum virginianum 
Sunflowers Helianthus spp. 
Blazing star Liatris scariosa 
Cardinal flower Lobelia cardinalis 
Virginia bluebells Mertensia virginica 
Wild bergamot Monarda fistulosa 
Wild sweet William Phlox divaricata 
Black-eyed Susan Rudbeckia hirta 
Fire pink silene vurginica 
Virginia spiderwort Tradescantia virginiana 

  

 
A listing of commercial sources for wildlife planting materials may be obtained from the 
NC Wildlife Resources Commission 
 



 

 

Plants Deer Don’t Usually Like 
Deer sometimes cause a problem for the native plants you use for landscaping. 
Generally deer do not like plants with aromatic or pungent foliage. Plants with fuzzy 
leaves, prickly needles, spiny branches and thorns usually discourage deer from eating 
them. Using plants that combine the tangy with the bitter and the spicy with the prickly 
will aid you in reducing damage by deer to your native plants. 
 
Listed below are some plants deer do not usually like: 
 

Annuals, Biennials and 
Perennials 

 

Botanical Name Common Name 
Achillea spp. Yarrow 
Aconitum spp. Monkshead 
Aquilegia Columbine 
Amsonia Blue star 
Anemone Anemone 
Asclepias tuberosa Butterfly Weed 
Campanula spp. Bellflower 
Coreopsis spp. Coreopsis 
Cosmos Cosmos 
Delphinium Delphinium 
Dicentra Bleeding Heart 
Ilex spp. American Holly 
Lobelia erinus Lobelia 
Lupinus Lupine 
Monarda didyma Bee Balm 
Myosotis Forget Me Not 
Oenothera Evening Primrose 
Rudbeckia Blackeyed Susan 
Salvia Salvia 
Sedum Sedum 
Senecio aureus Golden Ragwort 
Verbena Verbena 
Viola Violet 
Yucca Yucca 

  

Trees  

Alnus Alder 
Betula Birch 
Carpinus Hornbeam 
Castanea Chinkapin 
Catalpa Catalpa 
Cedrus Cedar 
Cercis Redbud 
Cladrastis Yellow Wood 
Cornus Dogwood 
Gleditsia Honey Locust 



 

 

Liquidamber stynaciflua Sweet Gum 
Liriodendron Tulip Tree 
Morus Mulberry 
Quercus Oak 
Rhus Sumac 
Robinia Black Locust 
Tsuga Hemlock 

 
 
 

 

Herbs  

Sassafras Sassafras 
  

Vines  

Campsis spp. Trumpet Creeper 
Lonicera spp. Honey Suckle 
Parthenocissus Virginia Creeper 
Wisteria Wisteria (American & Kentucky) 
Vitis Grape 

  

Shrubs  

Vaccinium Blueberry 

    
 



 

 

 

 

 

 

 

Appendix D  

 
 
 

 

A List of Nonnative Plants to Avoid 

Planting 

 

 
Obtained from North Carolina Native Plant Society,  

Invasive Exotic Species List 



 

 



 

 

NC Native Plant Society – Invasive Exotic Plants in NC – 2011 

 

http://www.ncwildflower.org/invasives/list.htm, 

(Accessed on September 21, 2011) 
 

Compiled by Misty Franklin Buchanan with review and input from biologists in the following 

agencies: NC Natural Heritage Program, NC Botanical Garden, University of North Carolina 

Herbarium, NC Exotic Pest Plant Council, NC DENR Aquatic Weed Control Program, US Fish 

& Wildlife Service, The Nature Conservancy, the NC Zoo, and volunteers and board members of 

the NC Native Plant Society. 

 

The intent of the NC Native Plant Society Invasive Exotic Plant list is to rank exotic (alien, 

foreign, introduced, and non-indigenous) plants based on their invasive characteristics, to educate 

the public and resource managers, and to encourage early detection of invasive exotic species so 

that a rapid response can be implemented when needed.  We hope this list will help eliminate the 

use of invasive exotic plants in landscaping and restoration projects.  The 2004 Tennessee Exotic 

Pest Plant Council Invasive Exotic Plant list was used as a model for organization of this list, but 

species listed and ranks assigned here are applicable to North Carolina.  The NC Native Plant 

Society Invasive Exotic Plant List is considered a work in progress, and will be evaluated and 

updated as new information is gathered about these and other species.  Please send your 

comments to: 

 

North Carolina Native Plant Society 

c/o North Carolina Botanical Garden 

Totten Center 3375 

Chapel Hill, NC 27599-3375 

 

Background: Many introduced plants have become naturalized in North Carolina and some are 

replacing our native plant species. Not all exotic species are considered harmful.  Invasive plants 

are usually characterized by fast growth rates, high fruit production, rapid vegetative spread and 

efficient seed dispersal and germination. Not being native to NC, they lack the natural predators 

and diseases which would naturally control them in their native habitats. The rapid growth and 

reproduction of invasive plants allows them to overwhelm and displace existing vegetation and, 

in some cases, form dense one-species stands.  Invasive species are especially problematic in 

areas that have been disturbed by human activities such as road building, residential 

development, forest clearing, logging, grazing, mining, ditching, mowing, erosion control, and 

fire control activities. 

 

Invasive exotic plants disrupt the ecology of natural ecosystems, displace native plant and 

animal species, and degrade our biological resources. Aggressive invaders reduce the amount of 

light, water, nutrients and space available to native species.  Some cause increased erosion along 

stream banks, shorelines and roadsides.  Some exotics hybridize with related native plant species, 

resulting in changes to a population’s genetic makeup; others have been found to harbor plant 

pathogens, which can affect both native and non-native plants, including ornamentals. Others 

contain toxins that may be lethal humans and other animals. Some invasive plants compete with 

and replace rare and endangered species and encroach upon their limited habitat. Other problems 

include disruption of native plant-pollinator relationships, tree and shrub mortality due to 



 

 

girdling, reduced establishment of native tree and shrub seedlings, reduction in the amount of 

space, water, sunlight and nutrients that would be available to native species, and altered fire 

regimes.  Invasive plants also cause economic losses and expenditures each year for agriculture, 

forestry, and roadside management. 

 

Our native fauna, including insects, birds, mammals, reptiles, fish and other animals, is 

dependent on native plants for food and shelter. While some animals can feed on a wide number 

of plant species, others are highly specialized and may be restricted to feeding on several or a 

single plant species. As exotic plants replace our native flora, fewer host plants are available to 

provide the necessary nutrition for our native wildlife.  In some cases, invasive plants replace 

nutritious native plant foods with lower quality sources.  Each exotic plant is one less native host 

plant for our native insects, vertebrates and other organisms that are dependent upon them. 

 

It is important to document the spread of invasive exotic plants into natural areas. When 

invaders are found outside of landscape plantings, they should be recorded and voucher 

specimens should be collected for donation to a herbarium. 

 

To reduce invasive plant invasions, we must approach the problem in a variety of ways:  

stop planting them, prevent accidental introductions, manage existing infestations, minimize 

disturbance to forests, wetlands, and other natural communities, and learn to work with (rather 

than against) natural systems and cycles. 



 

 

 

 

Rank 1 – Severe Threat: Exotic plant species that have invasive characteristics and spread 

readily into native plant communities, displacing native vegetation. 

 
 

Scientific Name  Common Name 

Ailanthus altissima (Mill.) Swingle Tree of Heaven 

Albizia julibrissin Durz.  Mimosa 

Alliaria petiolata (Bieb.) Cavara & Grande  Garlic-mustard 

Alternanthera philoxeroides (Mart.) Griseb. Alligatorweed 

Celastrus orbiculatus Thunb.  Asian bittersweet 

Elaeagnus umbellata var. parvifolia  Spring silverberry, Autumn olive 

Hedera helix var. helix English ivy 

Hydrilla verticillata (L.f.) Royle Hydrilla 

Lespedeza bicolor Turczaninow Bicolor lespedeza 

Lespedeza cuneata (Dum.-Cours.) G. Don  Sericea lespedeza 

Ligustrum sinense Lour.  Chinese privet 

Lonicera fragrantissima Lindl. & Paxton  Fragrant honeysuckle 

Lonicera japonica Thunb.  Japanese honeysuckle 

Microstegium vimineum (Trin.) A. Camus  Japanese stilt-grass 

Murdannia keisak (Hassk.) Hand.-Mazz. Asian spiderwort 

Myriophyllum aquaticum (Vell.) Verdc. Parrotfeather 

Paulownia tomentosa (Thunb.)  

Sieb.& Zucc. ex Steud.  Princess tree 

Persicaria perfoliata (Linnaeus)  

H. Gross (=Polygonum perfoliatum L.)  Mile-a-minute vine 

Phragmites australis (Cav.) Trin. ssp. australis   Common reed 

Pueraria montana var. lobata Kudzu 

Pyrus calleryana Decne. Bradford pear 

Reynoutria japonica Houttuyn  

(Polygonum cuspidatum) Japanese knotweed 

Rosa multiflora Thunb.  Multiflora rose 

Salvinia molesta Mitchell  Aquarium water-moss 

Vitex rotundifolia L.f. Beach vitex 

Wisteria sinensis (Sims) DC Chinese wisteria 
 



 

 

Rank 2 – Significant Threat: Exotic plant species that display some invasive characteristics, 

but do not appear to present as great a threat to native communities in NC as the species 

listed in Rank 1. 

 

Scientific Name Common Name 

  

Ampelopsis brevipedunculata (Maxim.) Trautv.  Porcelain-berry 

Arthraxon hispidus var. hispidus Basket grass, Hairy jointgrass 

Bambusa spp. Exotic bamboo 

Berberis thunbergii DC Japanese barberry 

Broussonetia papyrifera (L.) L’Her. ex Vent. Paper mulberry 

Cardiospermum halicacabum L.  Balloonvine 

Cayratia japonica (Thunb. ex Murray) Gagnep. Bushkiller 

Centaurea stoebe ssp. micranthos (Centaurea 

biebersteinii) Spotted knapweed 

Citrus trifoliata (Poncirus trifoliata) Hardy-Orange 

Clematis terniflora DC (=C. dioscoreifolia) Leatherleaf clematis 

Conium maculatum L. Poison hemlock 

Dioscorea polystachya (Dioscorea oppositifolia) Air-potato, Chinese yam 

Eichhornia crassipes (Mart.) Solms Water-hyacinth 

Euonymus alatus Burning bush, Winged Euonymus 

Euonymus fortunei (Turcz.) Hand. – Mazz.  Winter creeper 

Ficaria verna ssp. ficariiformis (F.W. Schultz) B. 

Walln. (=Ranunculus ficaria) Lesser Celandine 

Glechoma hederacea L.  Gill-over-the-ground, ground ivy 

Humulus japonicus Siebold & Zuccarini Japanese Hops 

Lamium purpureum L. Henbit 

Ligustrum japonicum Thunb. Japanese privet 

Ligustrum vulgare L.  Common privet 

Lonicera ×bella [L. morrowii × tatarica] Hybrid Bush Honeysuckle 

Lonicera maackii (Rupr.) Maxim.  Amur bush honeysuckle 

Lonicera morrowii A. Gray  Morrow’s bush honeysuckle 

Lonicera standishii Jaques Standish’s Honeysuckle 

Lygodium japonicum (Thunb. ex Murr.) Sw. Japanese climbing fern 

Lythrum salicaria L. Purple loosestrife 

Mahonia bealei Leatherleaf Mahonia, Oregon grape 

Miscanthus sinensis Andersson Chinese silver grass 

Morus alba L. White mulberry 

Myriophyllum spicatum Komarov Eurasian watermilfoil 

Nandina domestica Thunb. Nandina 

Persicaria longiseta (de Bruijn)  

Moldenke (=Polygonum caespitosum Blume) Oriental ladies-thumb 

Persicaria maculosa S.F. Gray  

(=Polygonum persicaria L.) Lady’s-thumb 

Phyllostachys spp. Exotic bamboo 
 



 

 

 

Pseudosasa japonica (Sieb. & Zucc. ex Steud.) 

Makino ex Nakai Arrow bamboo 

Rhodotypos scandens (Thunb.)  Makino jetbead 

Rubus phoenicolasius Maxim.  Wineberry 

Securigera varia (Coronilla varia) Crown vetch 

Solanum viarum Dunal  Tropical soda apple 

Sorghum halepense (L.) Pers. Johnson grass 

Spiraea japonica L.f.  Japanese spiraea 

Stellaria media (L.) Vill. Common chickweed 

Veronica hederifolia L. Ivyleaf speedwell 

Vinca major L. Bigleaf periwinkle 

Vinca minor L. Common periwinkle 

Wisteria floribunda (Willd.) DC Japanese Wisteria 

Xanthium strumarium L. Common cocklebur 

Youngia japonica (L.) DC. Oriental false hawksbeard 
 

 



 

 

Rank 3 – Lesser Threat: Exotic plant species that spread into or around disturbed areas, 

and are presently considered a low threat to native plant communities in NC. 
 

 

Scientific Name  Common Name 

Ajuga reptans L. Bugleweed 

Allium vineale L.  Field garlic 

Artemisia vulgaris L. Mugwort, common wormwood 

Arundo donax L.  Giant reed 

Baccharis halimifolia L.* Silverling, groundsel tree 

Bromus catharticus var. catharticus Bromegrass, Rescue grass 

Bromus commutatus Schrad. Meadow brome 

Bromus japonicus Thunb. ex Murray Japanese bromegrass 

Bromus secalinus L. Rye brome 

Bromus tectorum L. Thatch bromegrass, Cheat grass 

Buddleja davidii Butterfly-bush 

Cichorium intybus Chicory 

Leucanthemum vulgare (Chrysanthemum 

leucanthemum) Ox-eye daisy 

Cirsium vulgare (Savi) Ten. Bull thistle 

Daucus carota L. Wild carrot, Queen Anne’s-lace 

Dipsacus fullonum L. Fuller’s teasel 

Egeria densa Planch.  Brazilian elodea, Brazilian water-weed 

Fatoua villosa (Thunb.) Nakai Hairy crabweed 

Schedonorus pratensis (Festuca pratensis) Meadow fescue 

Ipomoea quamoclit L. Cypressvine morningglory 

Kummerowia stipulacea (Maxim.)  Makino Korean clover 

Kummerowia striata (Thunb.) Schindl.  Japanese clover 

Liriope muscari (Dcne.) Bailey Liriope, Lilyturf 

Lysimachia nummularia L. Moneywort, creeping Jenny 

Melilotus albus Medik. White sweet clover 

Melilotus officinalis (L.) Lam. Yellow sweet clover 

Najas minor All.  Brittle naiad  

Pastinaca sativa L.  Wild parsnip 

Perilla frutescens (L.) Britt. Beefsteakplant 

Populus alba L. White poplar 

Senecio vulgaris L.  Ragwort 

Setaria faberi R.A.W. Herrm. Nodding foxtail-grass 

Triadica sebifera (L.) Small Chinese tallowtree 

Tussilago farfara L. Coltsfoot 

Vicia sativa ssp. sativa and Vicia sativa ssp. nigra Garden vetch, Narrowleaf vetch 
 

*Baccharis halimifolia is native to marshes and marsh borders on the outer Coastal Plain in NC, but has 

spread along road corridors to invade disturbed areas in the Piedmont, which is not considered its native 

habitat. 



 

 

 

Watch List A: Exotic plants that naturalize and may become a problem in the future; 

includes species that are or could become widespread in North Carolina.  At this time, 

more information is needed. 
 

Scientific Name  Common Name 

Arum italicum ssp. italicum Arum, Italian lords and ladies 

Buglossoides arvensis (L.)  

I.M. Johnston (L.) I.M.  Corn gromwell 

Bupleurum rotundifolium L.  Hound’s-ear, hare’s-ear 

Centaurea cyanus L.  Cornflower 

Cyperus entrerianus Böckler Deeprooted sedge 

Echium vulgare L.  Viper’s bugloss 

Elaeagnus pungens Thunb. Thorny olive 

Hibiscus syriacus L.  Rose of Sharon 

Hypericum perforatum L.  St. John’s-wort 

Ornithogalum umbellatum L.  Star of Bethlehem 

Solanum dulcamara L. Climbing nightshade 

Verbascum thapsus L. Common mullein 
 



 

 

Watch List B: Exotic plant species that cause problems in adjacent states but have not yet 

been reported to cause problems in NC. 

 

Scientific Name  Common Name 

Acer platanoides L. Norway maple 

Akebia quinata (Houtt.) Dcne. Fiveleaf akebia 

Bromus inermis Leyss.  Smooth bromegrass 

Carduus nutans L. Musk thistle 

Carex kobomugi Ohwi Japanese sedge 

Cirsium arvense (L.) Scop. Canada thistle 

Commelina benghalensis L. Bengal dayflower 

Elaeagnus pungens Thunb.  Thorny-olive 

Hesperis matronalis L. Dame’s rocket 

Imperata cylindrica (Linnaeus) Palisot de Beauvois Cogongrass 

Iris pseudacorus Yellow flag, Water flag 

Lonicera tatarica L.  Tartarian honeysuckle 

Ludwigia grandiflora ssp. grandiflora (Michx)  

Greuter & Burdet Creeping waterprimrose 

Melia azedarach L.  Chinaberry 

Nymphoides cristata (Roxburgh) Kuntze Crested floating heart 

Pistia stratiotes L. Watter-lettuce 

Potamogeton crispus L. Curly pondweed 

Quercus acutissima Carruthers Sawtooth oak 

Rhamnus cathartica L.  European buckthorn 

Setaria italica (L.) P. Beauv. Foxtail-millet 

Setaria verticillata (L.) Beauv. Bur-foxtail 

Setaria viridis var. viridis 

Green bristle-grass, Green 

millet 

Stachys floridana Shuttlw. ex Benth. Florida Hedge nettle 

Torilis arvensis (Huds.) Link Spreading hedge-parsley 

Tragopogon dubius Scop.  Yellow goat’s-beard 

Trapa natans L. Water-chestnut 

Tribulus terrestris L.  Puncturevine 

Xanthium spinosum L.  Spiny cocklebur 
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Rare Plant and Animal Species Maps 



 

 

 

 



 

 

 
Appendix E-1. Map of Lake Tillery and Surrounding Lands Showing Locations of Rare 

Plant and Animal Species Listed by the N.C. Natural Heritage Program. 



 

 

 

 
 

Appendix E-2. Map of Lake Tillery and Surrounding Lands Showing Locations of 

Significant Natural Communities by the N.C. Natural Heritage Program. 



 

 

 

Appendix E-3. Map of Lake Tillery and Surrounding Lands Showing Locations of 

Active Bald Eagle Nesting and Perching Areas by the N.C. Natural 

Heritage Program. 
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Stakeholder Comments and Progress 

Energy Carolinas Response Matrix 



 

 



 

 

Stakeholder Date 

Comments 

Received 

Comment Progress Energy Response and 

Disposition of Comment 

North Carolina Division 

of Water Quality  (Mike 

Lawyer) 

10/19/11 Progress Energy and lessees of shoreline property need to 

be aware of the allowable/restricted development 

activities as detailed under the Water Supply Watershed 

Protection Program administered by delegated local 

governments. The Draft SMP does mention the need for 

lessees to comply with other federal, state and local 

regulations, but does not provide specific information with 

regards to development activities. It may be prudent to 

supply current and prospective lessees with such 

information or supply instructions on who to contact or 

where to obtain the information. The majority of shoreline 

development consists of single lot construction that 

typically requires less than one acre of land disturbance; 

however any development that exceeds one acre of 

disturbance must comply with the applicable local 

government’s ordinance on water supply watershed 

protection. Since NCDWQ classifies Lake Tillery as a Water 

Supply-IV reservoir, land extending ½ mile from the edge 

of the normal lake elevation is further classified as a 

Critical Area with more stringent allowable development 

activities than the rest of the watershed. These allowable 

activities in a WS-IV Critical Area include a maximum 

amount of built-upon area (BUA) for high-density 

development (anything exceeding 24% BUA) of 50% with a 

vegetated buffer of 100’ from BUA to the shoreline. It may 

be that the associated local governments have ordinances 

that are more restrictive than the state’s minimum criteria. 

PEC acknowledges this comment.  

Additional text has been added to the 

SMP, Section 2.1, Water Quality (page 5) 

to inform the public of the additional 

restrictions within ½ mile of Lake Tillery.  

Edits have been made to 6.1 of the 

guidelines to include NCDWQ’s 

designation of the lands within ½ miles 

of Lake Tillery as Critical Area for 

drinking water reservoirs, and additional 

information about allowable 

development activities within the WS-IV 

water supply reservoir and NCDWQ 

regulations that pertain to shoreline 

leases and permit applications will be 

provided to the lessees in future 

newsletters.   



 

 

Stakeholder Date 

Comments 

Received 

Comment Progress Energy Response and 

Disposition of Comment 

For example, approvals for development projects with less 

than one acre of land disturbance may be required and/or 

residential projects must meet low-density criteria only. 

    

North Carolina Natural 

Heritage Program 

(Scott Pohlman) 

10/20/11 We would suggest substituting a map of the Significant 

Natural Heritage Areas for Appendix E-1 “Map of Lake 

Tillery and Surrounding Lands Showing Locations of Rare 

Plant and Animal Species Listed by the N.C. Natural 

Heritage Program,” and Appendix E-2, “Map of Lake Tillery 

and Surrounding Lands Showing Locations of Significant 

Natural Communities by the N.C. Natural Heritage 

Program.” The element occurrences are mapped at varying 

levels of accuracy, and perhaps give a misleading 

impression as depicted. We would encourage the inclusion 

of a list of extant Natural Heritage elements (species and 

natural communities) known to occur in the Lake Tillery 

project area, but the Significant Natural Heritage Areas are 

the specific locations where we try to focus conservation 

action, as they represent the most viable or rarest of the 

Natural Heritage elements. 

PEC downloaded the GIS information 

provided by the N.C. Natural Heritage 

Program and has published the most up 

to date information in the SMP.  PEC did 

not point out specific locations of 

significant natural heritage areas due to 

the sensitive nature of the flora and 

fauna. 

 

  We greatly appreciate the addition of Appendix D, “A List 

of Nonnative Plants to Avoid Planting,” to the Plan Update. 

Comment noted. 

    

North Carolina Wildlife 

Resources Commission 

(Chris Goudreau and 

Shari Bryant) 

10/20/11 (via 

conference 

call) 

Page 1, Section 1.1, Project Boundary Description—clarify 

Project Boundary Line with description and how it is 

controlled with the SMP. 

PEC has added a definition of the FERC 

Project Boundary on page 4 of the SMP.   



 

 

Stakeholder Date 

Comments 

Received 

Comment Progress Energy Response and 

Disposition of Comment 

  Page 15, Section 3.0, Shoreline Management:  Move 

Section 3.3, Shoreline Habitat Assessment up to first 

subsection in the section (Subsection 3.1).  Move 

Subsection 3.1, Shoreline Classifications and re-label 

Subsection 3.2, and then move Subsection 3.2, SMP 

Guidelines to Subsection 3.3.  Add more text on Shoreline 

classifications and the methods that went into the 

reclassification and how this affects the previous shoreline 

classification. 

PEC agrees with the recommendation.  

Section 3.0 of the SMP has been 

reorganized.  Additional text related to 

the shoreline classifications has also 

been added.   

  Page 15, Subsection 3.1, Shoreline Classifications—provide 

additional description or protocol why mapping was 

condensed down from previous shoreline classifications to 

the 3 classifications (e.g., Agriculture and Project 

Operations) and any resulting changes due to the 

reclassification to 3 categories. 

 

Comment acknowledged. PEC has added 

text to section 3.2 shoreline 

classifications to address NCWRC’s 

comment.  The initial SMP was 

developed through examination of 

existing land uses surrounding the 

Project.  This resulted in some shoreline 

classifications (e.g., Agriculture) that did 

not clearly convey the allowable use of 

the shoreline.  The new classifications 

are forward looking with regards to 

managing requests to lease and develop 

the shoreline in the future. 

    

North Carolina Wildlife 

Resources Commission 

(Chris Goudreau and 

Shari Bryant) 

10/20/11 

(via 

conference 

call) 

Page 15, Table 1.  Comparison in tabular form of old 

classification data in 2001 and 2011 data?  Place table on 

one page; add clarification that miles are reallocation of 

miles from one classification scheme to the other with no 

PEC agrees with NCWRC 

recommendations.  Table 1 now includes 

the year 2011 and is located on a single 

page.  PEC also added a footnote to 



 

 

Stakeholder Date 

Comments 

Received 

Comment Progress Energy Response and 

Disposition of Comment 

significant changes in numbers. Table 1 describing the reallocation of 

miles from one class to another.  

  Page 15, Subsection 3.1, Shoreline Classifications-- 

Integrated use, Resource Protection & Management, and 

Project Operations—provide examples of what is allowed 

and not allowed in each classification. 

Acknowledged.  PEC has added some 

additional text describing examples of 

allowed uses within the shoreline 

classifications.   

  Page 19, Subsection 3.2, SMP Guidelines—Define lease and 

permit terminology, differences, and clarify.  Provide 

definitions in the text and reference definitions section in 

the report. 

PEC has added a footnote providing the 

definitions and referencing the 

Guidelines.   

  Page 21, Subsection 3.3, Shoreline Habitat Assessment—

Convert or supplement the text description of habitat 

changes to a table; add table to clarify text description of 

habitat changes. 

Comment acknowledged.  PEC has 

moved this section to the front 

renumber it to 3.1 and included a table 

in to supplement the text description of 

habitat changes.   

  Page 21, Subsection 3.3, Shoreline Habitat Assessment--

Describe if observed habitat changes were concentrated in 

one area vs. widespread across the lake.  Add narrative for 

spatial changes in habitat distribution patterns. 

Comment acknowledged.  PEC has 

included a description about spatial 

changes in habitat distribution in this 

section which is now Section 3.1.     

  Appendix A, SMP Guidelines—Review title for any editorial 

changes. 

Comment noted. 

  Appendix A, SMP Guidelines, Section 1.0, Purpose-- 

Describe the types of leases—title properly and be 

consistent in definition use throughout 

A reference to the glossary in the 

Guidelines has been inserted into 

Section 1.0 to identify where to locate 

the definition of a multi-slip facility.   



 

 

Stakeholder Date 

Comments 

Received 

Comment Progress Energy Response and 

Disposition of Comment 

  Appendix A, SMP Guidelines, Section 3:   Be consistent in 

what you call yourself –Lake Management or Shoreline 

Management; Licensee, etc. 

PEC has changed all references of lake or 

shoreline management staff to Lake 

Services, except the email address which 

will remain as is until necessary.   

  Appendix A, SMP Guidelines, Section 3.11:  Include 

forested shoreline to minimize impacts. 

PEC has edited the guidelines to include 

forested shoreline in Section 3.11.   

  Appendix A, SMP Guidelines, Section 4 , The Application 

Process—What are differences between Lease Application 

and Facilities Permit Application?  Clarify that you apply for 

lease, and then apply for permit. 

Comment noted.  PEC has added 

additional clarification in Section 4.1 and 

4.2 of the Guidelines.  

  Appendix A, SMP Guidelines, Section 5, Guidelines 

Regarding Soil Disturbance:  Extended dredging period 

prohibition compared to 2001 SMP Guidelines.  Guidelines 

or suggestions to minimize forested shoreline impacts; 

look at including some wording on this topic. 

Comment acknowledged.  Text has been 

added to the Guidelines.  

  Appendix A, SMP Guidelines, Section 6 , Guidelines 

Regarding Vegetation-- Sloping and clearing of entire 

shoreline and meet the stated guidelines of 75% of 

nondisturbed shoreline. 

Commented noted.  PEC has added text 

under Section 6.1-2 of the Guidelines to 

describe PEC’s intent to preserve the 

shoreline.   

  Appendix A, SMP Guidelines, Section 7, Regarding 

Shoreline Stabilization—Define rip-rap versus river rock:  6-

8 inch diameter zone, larger stones where applicable on 

high energy zones of shoreline.   Stability of stone with 

shape (no necessary action, just better define types of rock 

for stabilization). 

Comment noted.  PEC does not want to 

be overly prescriptive on required 

shoreline stabilization materials, 

therefore no definition has been 

provided.  However, to be clear, all 

shoreline stabilization materials must 

continue to be approved by PEC Lake 

Services through the permit process.    



 

 

Stakeholder Date 

Comments 

Received 

Comment Progress Energy Response and 

Disposition of Comment 

  Appendix A, SMP Guidelines, Section 8, Guidelines 

Regarding Dredging-- Delete the NCWRC review sentence; 

the NCWRC does not need to review dredging permit 

applications. 

Noted.  Sentence deleted. 

 

  Appendix A, SMP Guidelines, Section 9, Guidelines for 

Private Facilities, Subsection 9.2, Walkways-- change will to 

may in first sentence. 

Noted.  Made change.   

  Appendix A, SMP Guidelines, Section 9, Guidelines for 

Private Facilities, Section 9, No. 31:  Add “permanent” to 

water blinds or hunting stands. 

Agree.  Added the word permanent.   

  Appendix A, SMP Guidelines, Section 10, Guidelines for 

Multi-slip Facilities-- Multi-slip Facilities Definition: Discuss 

FERC Standard Land Use Article with regard to 10 boat slips 

and that Progress Energy requires NCWRC review of less 

than 10 slips. 

Comment acknowledged.  Additional 

text has been added to Section 10 of 

Guidelines. 

  Appendix A, SMP Guidelines, Section 10, Guidelines for 

Multi-slip Facilities, Subsection 10.7:  Grammatical change 

from “Shall” look at sentence flow compared to other 

sentences. 

Comment noted.  PEC has rewritten the 

sentence in Section 10.7.   

  Appendix B, Lake Tillery Shoreline Aquatic Habitat Mapping 

Study Grammatical/editorial suggestions—Change “habitat 

type areas” habitat type “patches” or “units”.   Page 1:  

Study site description:  Use English units throughout, not 

metric units (style consistency). 

PEC changed habitat type areas to 

habitat type units.  The units of 

measurement have also been changed 

to English units to be consistent.   

  Appendix B, Lake Tillery Shoreline Aquatic Habitat Mapping 

Study, Page 6:  Spatial distributions, last two paragraphs, 

changes in habitat.  Describe where these habitat changes 

PEC has provided additional narrative on 

the spatial distribution of habitat 

changes on page 6 of the Lake Tillery 



 

 

Stakeholder Date 

Comments 

Received 

Comment Progress Energy Response and 

Disposition of Comment 

spatially occurred from 2001 to 2011.  Provide more 

description on where the changes occurred. 

Shoreline Aquatic Habitat Mapping 

Study.   

  Appendix B, Lake Tillery Shoreline Aquatic Habitat Mapping 

Study, Page 10:  Combine Tables 1 and 2 into one table. 

Comment noted. 

  Appendix A, Shoreline Management Guidelines, 

Attachment E, Impact Minimization Zone Guidelines—

Incorporate the IMZ Guidelines directly into the SMP 

Report. 

Noted.  PEC has inserted text defining 

what an IMZ constitutes into the SMP.  

Full details of what is allowable in an 

IMZ are described in Attachment  E of 

the Guidelines 

  Appendix A, Shoreline Management Guidelines, 

Attachment E, Impact Minimization Zone Guidelines, Page 

E-1, second paragraph--Shoreline management….... Change 

severely to minimize or limit impact. 

Agree.  The text has been changed.   

North Carolina Wildlife 

Resources Commission 

(Chris Goudreau and 

Shari Bryant) 

 

 

 

 

 

 

 

 

11/3/11 

(Additional 

Comments 

Received) 

 

 

 

 

 

 

 

 

Several recent incidents have highlighted the need for 

Progress Energy to be more proactive and involved in 

protecting the riparian buffer.  In these cases, the riparian 

vegetation was completely removed in order for the 

permitee to slope the bank and/or install shoreline 

stabilization.  In various places in the Guidelines document, 

we strongly recommend that provisions be added to 

prohibit the clearing of the riparian buffer in order to 

stabilize the shoreline.  If this is not possible, the riparian 

buffer should be avoided, particularly trees and woody 

vegetation, and clearing should be minimized.  In certain 

areas, Progress Energy should require permitees to 

Comment acknowledged.  PEC’s goal is 

to balance the competing interests, 

while protecting, and enhancing the 

environmental, scenic, and recreational 

values provided by Lake Tillery and the 

surrounding project lands, while also 

ensuring the continued safe and reliable 

production of hydroelectric power at the 

project.  This balancing requires through 

review of permit applications; which at 

times can result in disturbance to the 

riparian buffer (as indicated in the 



 

 

Stakeholder Date 

Comments 

Received 

Comment Progress Energy Response and 

Disposition of Comment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

conduct the stabilization work from a barge in order to 

protect important riparian habitats. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Specifically, we raise the following examples in the 

Guidelines that need clarification or rewording to better 

protect riparian and shoreline habitats: 
  

       Section 3.11:  “All construction activities and the 

placement of water-dependent facilities should be done in 

such a manner as to minimize impacts to aquatic habitat, 

especially water willow beds greater than or equal to 100 

square feet and submerged woody debris.” 

•         We recommend adding forested 

shorelines to the list. 

NCWRC comment) at the expense of a 

longer term investment of the property 

and resource protection through 

shoreline stabilization.  Such cases 

require the lessee to re-vegetate the 

disturbed area with native plant species.   

 

If an applicant chooses to require their 

contractor to work from a barge that is 

between the property owner (permit 

holder) and the contractor.  We are not 

aware of any other lakes where this is 

required by FERC Project Licensees, as 

suggested. 

 

 

PEC acknowledges the comment and has 

included forested shoreline in Section 

3.11 of the Guidelines.   
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       Section 6.1-2:  “The Licensee requires that at least 75 

percent of the leased land remain completely undisturbed.  

This means the cutting or removal of vegetation (except 

under special permit for safety reasons) will not be allowed 

on 75 percent of the leased area, except for pruning up to 

a height of 10 feet per accepted arboricultural standards. “  

  

•         We note that some recent shoreline 

lease permitees have completely cleared 

forested riparian areas, and replaced them 

with riprap and grass, or riprap and bark.  

See also Section 7.0. 

  

       Section 6.5:  Danger Tree Removal Process states:  “Any 

tree removed from leased property must be replaced with 

one that is native to the area.”   

•         We recommend clarifying that the tree 

must be replaced in the same area as the 

one removed. 

  

       Section 7.0:  Guidelines Regarding Shoreline Stabilization 

•         We recommend adding the following: 

o   “Forested shorelines may not be 

cleared to slope banks or install 

riprap.  The provisions outlined in 

6.1-2, 6.1-3, and 6.4 regarding tree 

 

Comment Acknowledged.  PEC’s intent is 

to provide lessees the opportunity to 

use the Licensee’s property 

appropriately, while protecting the 

natural environmental characteristics 

and vegetated shoreline of Lake Tillery. 

 

 

 

 

 

 

 

Comment Noted. The tree would have 

been removed because it posed a 

danger.  PEC continues to require a tree 

to be planted on PEC property. 

 

 

 

Comment acknowledged.   PEC 

recognizes the good intentions of this 

comment, however at this time we also 

recognize the need to balance our 

resource protection methods which may 

result in the temporary loss of shoreline 
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protections must be followed.”  

o   “Only Class I or Class II (preferred) 

riprap can be used for shoreline 

stabilization.  No river rock can be 

used.”   

  

 

 Section 8.6:  “All dredged material must be properly 

disposed and completely removed from leased property.” 

•         We recommend adding the following: 

o   “Dredged material should not be 

disposed where it could get back 

into the lake.” If the leased 

property is only a few feet wide, 

some homeowners may opt to 

stockpile dredged material at the 

edge of their property. 

vegetation while installing shoreline 

stabilization.  The stabilization is 

designed for long term shoreline 

protection including the lands the 

shoreline vegetation require. 

 

 

Comment Noted.  PEC currently requires 

permit holders to follow Best 

Management Practices which include 

mandatory installation of slit fences to 

prevent movement of soil across Project 

lands.  Unfortunately our jurisdiction is 

limited to the Project boundary and an 

owner could potentially stockpile 

dredged material as suggested and not 

be properly captured by the BMPs. 
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  We also concur with the comments and recommendations 

submitted by the NC Division of Water Resources (Mr. Jim 

Mead) in their October 25, 2011 email. 

 PEC has changed the classification for 

the shoreline near the mouth of the 

Uwharrie River from the Integrated Use 

classification to the Resource Protection 

& Management classification to ensure 

consistency with the relicensing 

Comprehensive Settlement Agreement 

terms and conditions regarding future 

shoreline and land restrictions.  

Resource Protection & Management is a 

more restrictive classification than 

Integrated Use. 

    

N.C. Division of Water 

Resources (Jim Mead) 

10/25/11 As part of the relicensing process for the Tillery 

hydroelectric project the Comprehensive Settlement 

Agreement (CSA) that was developed included section 2.5 -

Additional Stream Protection Measures.  The following 

property was described in section 2.5.3 – Lands Subject to 

a Restrictive Covenant: 

Within twenty four (24) months of the issuance of the New 

License that is Final and Non-Appealable, Progress Energy 

will place a restrictive covenant for conservation purposes 

on certain lands it owns near the mouth of the Uwharrie 

River, which are depicted in the attached Appendix D.  The 

lands to be protected by a restrictive covenant include (1) 

those extending from Dutchman’s Creek downstream to 

the tip of the peninsula on the south side of the mouth of 

Agree.  In the revised shoreline 

classification maps (Figure 3), PEC has 

changed the classification for the area 

near the mouth of the Uwharrie River 

from the Integrated Use classification to 

the Resource Protection & Management 

classification to ensure consistency with 

the relicensing Comprehensive 

Settlement Agreement terms and 

conditions regarding future shoreline 

and land restrictions.  Resource 

Protection & Management is a more 

restrictive classification than Integrated 

Use.   
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the Uwharrie River and (2) those at the upper end of the 

“bay,” created by the above peninsula, that are classified 

as of December 2006 as Environmental/Natural Areas in 

the Shoreline Management Plan, stopping at the first tract 

of land classified as Impact Minimization Zone.   

 

Page 3 of the attached PDF file contains a map of the lands 

described above.  The 401 certificate issued during the 

relicensing process also contains this same language and 

map. 

 

Our review of the draft SMP closely examined the 

classification of lands near the mouth of the Uwharrie 

River to see if the classification is consistent with the 

Additional Stream Protection Measures described above.  

Figure 3, sheet 1 of 2, on page 17 of the draft SMP covers 

the area in question.  Based on our review of Figure 3, it 

appears that land along the south side of the Uwharrie 

River that is immediately west of the confluence with 

Dutchman’s Creek is classified as Integrated Use for slightly 

less than half the distance downstream to the mouth of 

the Uwharrie River, and then changes to Resource 

Protection & Management. 

 

To be consistent with the CSA and 401 certificate the 

ENTIRE length along the south side of the Uwharrie River 

extending from Dutchman’s Creek downstream to the 
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mouth of the river should be classified as Resource 

Protection & Management.  We strongly encourage 

Progress Energy to revise Figure 3 and any associated 

documentation to reflect this change. 

    

U.S. Forest Service 

(Deborah Walker) 

11/03/11 Thank you for the recent update on the Tillery 

Hydroelectric Development Shoreline Management Plan.  

The Uwharrie National Forest does not manage any lands 

along the Lake Tillery portion o fthe Pee Dee River.  I 

appreciate your willingness to include the Forest Service in 

any updates to the SMP in this area, and prefer to be kept 

on your mailing list in the event we acquire property along 

this shoreline in the future.  Therefore, I have no 

comments to provide on your draft SMP at this time. 

Comment acknowledged.   

    

N.C. Department of 

Cultural Resources 

(SHPO) (Renee Gledhill-

Earley 

11/8/11 Thank you for your email of October 17, 2011, transmitting 

the management plan and attachments for the above 

project. We believe the plan adequately addresses our 

concerns for historic resources. 

The above comments are made pursuant to Section 106 of 

the National Historic Preservation Act and the Advisory 

Council on Historic Preservation’s Regulations for 

Compliance with Section 106 codified at 36 CFR Part 800. 

Comment acknowledged.  
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	5. Threats to Public Health
	a. No activity, situation, structure or land use is allowed within a water supply watershed overlay district that poses a threat to water quality and the public health, safety and welfare. Such conditions may arise from inadequate on-site sewage syste...
	b. All uses involving the possession, storage, maintenance, or use of any quantity of any hazardous substance is prohibited on any lot located within the boundaries of a water supply watershed overlay district.
	(1) The prohibitions on hazardous substances established in §15.030-A5.b do not apply to the following:
	(a) Gasoline, kerosene, diesel fuel, and other petroleum products when such products are held solely for the purpose of on-premises sales to retail customers; however, storage tanks for such products must be emptied no later than 60 days after sale of...
	(b) Hazardous substances contained in consumer products packaged and held for retail sale to the general public; and
	(c) Hazardous substances contained in commercial products used for janitorial or maintenance purposes on the premises where stored.

	(2) The prohibitions on hazardous substances established in §15.030-A5.b do not apply to the possession, storage, maintenance or use of hazardous substances if and to the extent that the person in charge of such possession, storage, maintenance, or us...
	(a) An application for a Hazardous Substances Authorization Certificate must be filed on forms supplied by the county and contain the information requested on such forms. All hazardous substances stored, manufactured, or used on the premises must be l...
	(b) A Hazardous Substances Authorization Certificate must be issued by the county if the applicant demonstrates to the reasonable satisfaction of the administrator that, considering the quantity, form and solubility of the hazardous substances and the...
	(c) A Hazardous Substances Authorization Certificate is valid for a period of one year from the date of issuance and must be renewed upon or before its expiration.



	6. Variances
	a. A variance may be granted by the board of adjustment if the board of adjustment concludes as follows:
	(1) the application for a variance requests the relaxation of any management requirement that takes the form of a numerical standard by a factor of less than 10%; and
	(2) the variance, if granted, will not result in a serious threat to the water supply.

	b. If the application for variance requests relaxation of any management requirement that takes the form of a numerical standard by a factor of more than 10%, the Board of Adjustment must take one of the following actions:
	(1) Deny the variance request; or
	(2) Refer the application for a variance to the North Carolina Environmental Management Commission with a request that the Environmental Management Commission approve the variance. Upon referral to the Environmental Management Commission, the board of...
	(a) The variance application;
	(b) Evidence that proper notification of the board of adjustment public hearing has been made;
	(c) A summary of evidence presented, including comments submitted from other local governments or major water consumers within the same watershed jurisdiction.
	(d) Proposed findings and conclusions; and
	(e) The board of adjustment's recommendation, including all recommended conditions of approval, if any.


	c. If the Environmental Management Commission approves the variance, the administrator must send the decision to the applicant upon receipt of the decision from the Environmental Management Commission, stating that the variance was approved. The appro...
	d. If the board of adjustment denies a variance involving property within a water supply watershed overlay, then the application is not forwarded to the Environmental Management Commission. The administrator must send written notice of the denial to t...
	e. Application for a zoning permit must be made within one year of receiving variance approval within a water supply watershed overlay.
	f. Prior to consideration of any application for a variance, the board of adjustment must notify and allow a reasonable comment period for all other local governments having jurisdiction within the watershed area and the entity using the water supply ...

	7. Subdivisions
	a. No subdivision of land that is located within a water supply watershed overlay district may be filed or recorded by the register of deeds office until it has been approved in accordance with the provisions of this section. Likewise, the clerk of su...
	b. All subdivisions of land must have a statement signed by the planning division director indicating whether or not subdivision lies within a designated water supply watershed.  This statement must take one of the following forms, as appropriate:


	15.030-B /T-CA, Lake Twitty Watershed Areas—Critical Area
	1. Allowed Uses
	a. Bona fide farms, except as otherwise limited by applicable state or federal agencies. Agricultural activities conducted after January 1, 1993 must maintain a minimum 10- foot vegetative buffer, or equivalent control as determined and enforced by th...
	b. Silviculture, subject to the provisions of the Forest Practices Guidelines Related to Water Quality (15 NCAC 1I.6101-.0209) as regulated by state and federal agencies.
	c. Residential development.
	d. Nonresidential development, expressly excluding: 1) the storage of toxic and hazardous substances unless a spill containment plan is implemented, 2) landfills, and 3) sites for land application of sludge/residuals or petroleum contaminated soils. (...

	2. Density and Built-upon Limits
	a. Single-family residential development may not exceed a density of one dwelling unit per 40,000 square feet, on a project-by-project basis. No residential lot may be less than 40,000 square feet in area, except within an approved cluster development...
	b. All other residential and nonresidential development is subject to a maximum 12% built-upon area limit, on a project-by-project basis. For the purpose of calculating built-upon area, total project area includes the total acreage of the tract on whi...


	15.030-C /T-BW, Lake Twitty Watershed Area—Balance of Watershed
	1. Allowed Uses
	a. Bona fide farms, except as otherwise limited by applicable state or federal agencies.
	b. Silviculture, subject to the provisions of the Forest Practices Guidelines Related to Water Quality (15 NCAC 1I.6101-.0209) as regulated by state and federal agencies.
	c. Residential development.
	d. Nonresidential development, expressly excluding discharging landfills and the storage of toxic and hazardous substances unless a spill containment plan is implemented. Non-discharging landfills and sludge application sites are allowed.

	2. Density and Built-upon Limits
	a. Single-family residential development may not exceed a density of 2 dwelling units per 40,000 square feet, on a project-by-project basis. No residential lot may be less than 20,000 square feet in area, except within an approved cluster development....
	b. All other residential and nonresidential development is subject to a maximum 24% built-upon area limit, on a project-by-project basis, except that up to 10% of the balance of the watershed may be developed for nonresidential uses to 70% built-upon ...
	c. Projects must minimize built-upon surface area, direct stormwater away from surface waters and incorporate Best Management Practices used to meet the requirements of 15A NCAC 02H .1017 to minimize water quality impacts. §15.030-C2.c amended 11.03.2014


	15.030-D /L-CA, Lake Lee Watershed Area—Critical Area
	1. Applicability
	2. Allowed Uses
	a. Bona fide farms, except as otherwise limited by applicable state or federal agencies.
	b. Silviculture, subject to the provisions of the Forest Practices Guidelines Related to Water Quality (15 NCAC 1I.6101-.0209) as regulated by state and federal agencies.
	c. Residential development.
	d. Nonresidential development, expressly excluding 1) the storage of toxic and hazardous substances unless a spill containment plan is implemented, 2) landfills and 3) sites for land application of sludge/residuals or petroleum contaminated soils. New...

	3. Density and Built-upon Limits
	a. Single-family residential development may not exceed a density of 2 dwelling units per 40,000 square feet, on a project-by-project basis. No residential lot may be less than 20,000 square feet in area, except within an approved cluster development....
	b. All other residential and nonresidential development is subject to a maximum 24% built-upon area limit, on a project-by-project basis. For the purpose of calculating built-upon area, total project area includes the total acreage of the tract on whi...


	15.030-E /L-PA, Lake Lee Watershed Area—Protected Area
	1. Only new development activities that require an erosion/sedimentation control plan under state law or approved local program are subject to the /L-PA regulations of this section.
	2. Uses Allowed
	a. Bona fide farms, except as otherwise limited by applicable state or federal agencies.
	b. Silviculture, subject to the provisions of the Forest Practices Guidelines Related to Water Quality (15 NCAC 1I.6101-.0209) as regulated by state and federal agencies.
	c. Residential development.
	d. Nonresidential development, expressly excluding the storage of toxic and hazardous substances unless a spill containment plan is implemented.

	3. Density and Built-upon Limits
	a. Single-family residential development may not exceed a density of 2 dwelling units per 40,000 square feet, on a project-by-project basis. No residential lot may be less than 20,000 square feet in area or one-third (1/3) acre for projects without cu...
	b. All other residential and nonresidential development is subject to a maximum 24% built-upon area limit, on a project-by-project basis. For projects without a curb and gutter street system, development may not exceed 36% built-upon area, on a projec...


	15.030-F Cluster Development
	1. Built-upon area or stormwater control requirements of the project may not exceed the maximums established by the water supply watershed overlay district regulations of this section.
	2. All built-upon areas must be designed and located to minimize stormwater runoff impact to the receiving waters and minimize concentrated stormwater flow by incorporating Best Management Practices used to meet the requirements of 15A NCAC 02H .1017....
	3. The remainder of the tract must remain in a vegetated or natural state. If the development has an incorporated property owners' association, the title of the open space area must be conveyed to the association for management. Where a property owner...

	15.030-G Riparian Buffers
	1. Within water supply watershed overlay districts, vegetative buffers with a minimum width of 30 feet must be preserved along all perennial waters indicated on the most recent versions of U.S.G.S. 1:24,000 (7.5 minute) scale topographic maps as deter...
	2. No new development is allowed in required riparian buffers except for water-dependent structures and public projects such as street crossings and greenways where no practical alternative exists. These activities must minimize built-upon surface are...


	Section 15.040 /M, Mining Overlay
	15.040-A General
	1. No land may be classified in a mining overlay district after October 6, 2014.
	2. All mining and extraction uses within an existing mining overlay district are subject to the regulations of Section 30.140.


	Section 15.050 Planned Unit Development Overlay (Legacy District)
	15.050-A General
	15.050-B PUD Types and Elements
	1. One element of each PUD district must be the medium density residential element. Here there are two possibilities, each one corresponding either to the R-20 or R-10 residential districts. Within that portion of the PUD district that is developed fo...
	2. A second element of each PUD district must be the higher density residential element. Here there are two possibilities, each one corresponding either to the R-8 or R-6 zoning districts. Within that portion of the PUD district that is developed for ...
	3. A third element of each PUD district must be the commercial element. Here there are two possibilities, each one corresponding either to the B-2 or B-3 commercial district. Within that portion of a PUD district that is developed for purposes permiss...
	4. A manufacturing/processing element is an optional fourth element of any PUD district. Here there are two alternatives. The first is that uses permitted within the LI district would be permitted within the PUD district. The second alternative is tha...

	15.050-C Minimum Area
	15.050-D Regulations
	1. In a planned unit development, the developer may make use of the land for any purpose authorized in a particular PUD zoning district in which the land is located, subject to the provisions of this ordinance.
	2. Within any lot developed as a planned unit development, not more than 35% of the total district area may be developed for higher density residential purposes (R-8 or R-6, as applicable), not more than 10% of the total district area may be developed...
	3. The plans for the proposed planned unit development must indicate the particular portions of the district that the developer intends to develop for higher density residential purposes, lower density residential purposes, commercial purposes (as app...
	4. A planned unit development permit may be approved showing one or more portions of the tract as reserved for future development of a specified type (e.g., residential, commercial, or manufacturing). No construction of any land may take place within ...
	5. The nonresidential portions of any planned unit development may be occupied only in accordance with a schedule approved at the time of approval of the PUD or any amendment to the PUD. The schedule must relate occupancy of nonresidential portions of...



	Article 20 | Special Purpose Districts
	Section 20.010 General
	20.010-A Purpose and Intent
	20.010-B Establishment

	Section 20.020 MPD, Master Planned Development District
	20.020-A Purpose and Intent
	1. Variety in housing types and sizes to accommodate households of all ages, sizes, incomes and lifestyle choices;
	2. Compact, mixed-use development patterns where residential, commercial, employment, civic, and open space areas are located in close proximity to one another;
	3. A coordinated transportation system that includes an inter-connected hierarchy of appropriately designed improvements for motorized and non-motorized travel;
	4. Buildings and other improvements that by their arrangement, massing, design, character and site design elements establish a high-quality, livable environment;
	5. Sustainable development practices;
	6. Incorporation of open space amenities and natural resource features into the development design;
	7. Low-impact development (LID) and best management practices for managing stormwater; and
	8. Flexibility and creativity in responding to changing social, economic and market conditions.

	20.020-B Unified Control
	20.020-C Procedure
	20.020-D Developer’s Statement of Intent
	20.020-E Use Regulations and Lot and Building Standards
	20.020-F Other Development Standards


	Article 25 | Allowed Uses
	Section 25.010 Allowed Uses
	25.010-A Use Classification System
	25.010-B Permitted Uses
	25.010-C Special Uses
	25.010-D Prohibited Uses
	25.010-E Supplemental Regulations
	25.010-F Accessory Uses

	Section 25.020 Use Categories
	25.020-A General
	1. The System
	a. Residential. See §25.020-B.
	b. Public, Civic and Institutional. See §25.020-C.
	c. Commercial. See 25.020-D.
	d. Wholesale, Distribution and Storage. See §25.020-E.
	e. Industrial. See §25.020-F.
	f. Recycling and Waste-Related. See §25.020-G.
	g. Agriculture and Agriculture-Related (Non-exempt). See §25.020-H.
	h. Other. See §25.020-I.

	2. Use Subcategories
	3. Specific Use Types
	4. Determination of Use Categories and Subcategories
	a. The administrator is authorized to classify uses on the basis of the use category, subcategory and specific use type descriptions of this article.
	b. When a use cannot be reasonably classified into a use category, subcategory or specific use type, or appears to fit into multiple categories, subcategories or specific use types, the administrator is authorized to determine the most similar and thu...
	(1) The types of activities that will occur in conjunction with the use;
	(2) The types of equipment and processes to be used;
	(3) The existence, number and frequency of residents, customers or employees;
	(4) Parking demands associated with the use; and
	(5) Other factors deemed relevant to a use determination.

	c. If a use can reasonably be classified in multiple categories, subcategories or specific use types, the administrator must categorize the use in the category, subcategory or specific use type that provides the most exact, narrowest and appropriate “...
	d. If the administrator is unable to determine the appropriate use category for a proposed use, the administrator is authorized to deny permits and certificates for establishment of the proposed use. This decision may be appealed to the board of adjus...


	25.020-B Residential Use Category
	1. Household Living
	a. Detached House
	b. Townhouse
	c. Two-unit House
	d. Multi-unit Building
	e. Manufactured Housing Unit
	f. Manufactured Housing Unit, Class A
	(1) The unit has a length not exceeding 3 times its width;
	(2) The pitch of the unit’s roof has a minimum vertical rise of one foot for each five feet of horizontal run, and the roof is finished with a type of shingle that is commonly used in standard residential construction;
	(3) The exterior siding of the unit consists of wood, hardboard, or aluminum (vinyl covered or painted), comparable in composition, appearance, and durability to the exterior siding commonly used in standard (on-site, stick-built) residential construc...
	(4) The tongue, axles, transporting lights, and removable towing apparatus are removed after placement on the lot and before occupancy.

	g. Manufactured Housing Unit, Class B
	h. Manufactured Housing Unit, Class C
	i. Manufactured Housing Unit, Class D
	j. Manufactured Housing Park

	2. Group Living
	a. Continuing Care Facility
	b. Family Care Home
	c. Group Home
	d. Transitional Living Facility


	25.020-C Public, Civic and Institutional Use Category
	1. Aviation Facility
	a. Airport
	b. Airstrip

	2. Cemetery
	3. College or University
	a. Campus
	b. Satellite

	4. Detention or Correctional Facility
	5. Fraternal Organization
	6. Governmental Service
	7. Hospital
	8. Library or Cultural Exhibit
	9. Natural Resources Preservation
	10. Parks and Recreation
	a. Low-impact
	b. High-impact
	(1) more than 25 off-street parking spaces;
	(2) permanently mounted speakers for amplified sound;
	(3) concession stands;
	(4) outdoor lights mounted more than 20 feet in height above grade;
	(5) building coverage of more than 15% of the overall site area.


	11. Postal Service
	12. Religious Assembly
	13. Safety Service
	14. School
	15. Utility or Public Service Facility
	a. Minor
	b. Major


	25.020-D Commercial Use Category
	1. Adult Use
	a. Adult Motel or Hotel
	(1) offers accommodations to the public for any form of consideration and, as one of its principal business purposes, provides patrons with closed-circuit television transmissions, films, motion pictures, videocassettes, slides, or other photographic ...
	(2) offers a sleeping room for rent for a period of time that is less than 10 hours; or
	(3) allows a tenant or occupant of a sleeping room to sub-rent the room for a period of time that is less than 10 hours.
	(4) Adult Video Store
	(5) A commercial establishment that has as a substantial portion (over 25% of total retail space) of its-stock-in-trade and offers for sale or rent, for any form of consideration, any one or more of the following: photographs, films, motion pictures, ...


	2. Animal Service
	a. Boarding or Shelter
	b. Grooming
	c. Stable
	d. Supplies
	e. Veterinary

	3. Commercial Service
	a. Building and Maintenance Service
	b. Business Support Service
	c. Communication Service
	d. Consumer Maintenance and Repair Service
	e. Personal Improvement Service
	f. Research Service
	g. Studio, Instructional or Service

	4. Day Care Center
	5. Eating Establishment
	6. Entertainment and Spectator Sports
	a. Indoor, Minor
	b. Indoor, Major
	c. Outdoor, Minor
	(1) Have no more than 50 off-street parking spaces;
	(2) Do not have outdoor lights mounted more than 20 feet above grade; and
	(3) Do not have speakers for amplified sound.

	d. Outdoor, Major

	7. Financial Service
	a. Check Cashing
	(1) Is not a bank or financial institution subject to federal or state regulation;
	(2) Charges a fee to cash a check or have a check processed; and
	(3) Provides such services to the public.

	b. Pawnshop
	(1) The lending of money on the deposit or pledge of personal property, other than chosen in action, securities or written evidence of indebtedness;
	(2) The purchase of personal property either from an individual, another pawn business or any other business with an expressed or implied agreement or understanding to offer the property for sale to the public, and if that sale is unsuccessful, then t...
	(3) The purchase of precious metals with the intent to melt down, provided that such activity is not clearly incidental to the principal use of the establishment; or
	(4) The lending of money upon personal property, goods, wares, or merchandise pledge, stored or deposited as collateral security.

	c. Payday Lender
	d. Bail Bond

	8. Funeral and Mortuary Service
	9. Lodging
	a. Bed and Breakfast
	b. Hotel/Motel
	c. Campground
	(1) Campground, Developed
	(2) Campground, Fully Developed
	(3) Campground, Semi-Developed
	(4) Campground, Semi-Primitive
	(5) Campground, Primitive


	10. Office
	a. Business and Professional Office
	b. Medical, Dental and Health Practitioner

	11. Parking, Non-Accessory
	a. Surface Parking, Non-Accessory
	b. Structured Parking, Non-Accessory

	12. Retail Sales
	a. Sundry goods;
	b. Products for personal grooming and for the day-to-day maintenance of personal health;
	c. Food or beverages for off-premise consumption, including grocery stores and similar uses that provide incidental and accessory food and beverage service as part of their primary retail sales business;
	d. Wearing apparel, fashion accessories, furniture, household appliances and similar consumer goods, large and small, functional and decorative, for use, entertainment, comfort or aesthetics;
	e. Goods used to repair, maintain or visually enhance a structure or premises, such as hardware stores, home improvement stores, paint and wallpaper supply stores and garden supply stores.

	13. Self-service Storage Facility
	a. Type 1
	b. Type 2
	c. Type 3

	14. Sports and Recreation, Participant
	a. Indoor, Minor
	b. Indoor, Major
	c. Outdoor, Minor
	(1) Have no more than 50 off-street parking spaces;
	(2) Do not have outdoor lights mounted more than 20 feet above grade; and
	(3) Do not have speakers for amplified sound.

	d. Outdoor, Major
	e. Shooting Range, Outdoor

	15. Trade School
	16. Vehicle Sales and Service
	a. Commercial Vehicle Repair and Maintenance
	b. Commercial Vehicle Sales and Rentals
	c. Fueling Station
	d. Personal Vehicle Repair and Maintenance
	e. Personal Vehicle Sales and Rentals
	f. Vehicular Equipment and Supplies Sales and Rentals
	g. Vehicle Body and Paint Shop


	25.020-E Wholesale, Distribution & Storage Use Category
	1. Equipment and Materials Storage, Outdoor
	2. Trucking and Transportation Terminals
	3. Warehouse
	4. Wholesale Sales and Distribution

	25.020-F Industrial Use Category
	1. General Industrial
	2. Intensive Industrial
	3. Junk or Salvage Yard
	4. Mining/Extraction

	25.020-G Recycling and Waste-Related Use Category
	1. Construction and Demolition Debris Recycling
	2. Recyclable Material Processing Center
	3. Landfills
	a. Sanitary
	b. Construction and Demolition Debris
	c. Reclamation

	4. Solid Waste Convenience Center
	5. Solid Waste Transfer Station

	25.020-H Agriculture and Agriculture-related (non-exempt) Use Category
	1. Agribusiness
	2. Agriculture, Non-exempt
	3. Agritourism
	a. Agriculture Cultural Center
	b. Agritainment
	c. Corn Maze
	d. Eco-Tourism Enterprise
	e. Farm Markets
	f. Farmer's Market, Community-Scale
	g. Farmer's Market, Regional-Scale
	h. Restaurant, Farm-based
	i. Participatory Farms
	j. Rural Retreat
	k. Wine Tasting Room
	l. Winery


	25.020-I Other Use Category
	1. Drive-in or Drive-through Facility
	2. Wireless Telecommunications Facility
	a. Wireless Facility
	b. Wireless Support Structure




	Article 30 | Supplemental Use and Building Regulations
	Section 30.010 Adult Uses
	30.010-A Purpose
	30.010-B Regulations
	1. General
	2. Advertisements and Sound
	3. Over-concentration
	4. Proximity to Other Uses
	5. Other
	a. Except for an adult hotel/motel, no adult use/establishment, adult video store, or adult lingerie modeling studio may have sleeping quarters or private rooms.
	b. There may not be more than one adult use/establishment, adult hotel/motel, adult video store, or adult lingerie modeling studio on the same property or in the same building or structure.
	c. The maximum gross floor area of any allowed adult use/establishment, adult hotel/motel, adult video store, or adult lingerie modeling studio may not exceed 5,000 square feet.



	Section 30.020 Agribusinesses
	30.020-A The lot where the agribusiness use is located must have sufficient frontage along a boulevard or thoroughfare street so that the principal means of ingress and egress for the use comes along such street.
	30.020-B No building or structure that houses any part of the agribusiness use may be located within 500 feet of any existing dwelling unit (other than a residence owned by the applicant) that is occupied, held ready for occupancy, or under constructi...
	30.020-C An opaque screen must be installed on all sides of the property containing the agribusiness use (except a side that borders a public street) to provide visual screening for adjacent properties. The required screen must comply with §55.090-C.
	30.020-D Agribusiness uses may not have truck pick-up or delivery traffic before 7:00 a.m. or after 7:00 p.m.
	30.020-E In order to approve the special use permit, the board of adjustment must find that the proposed use will not substantially injure the value of abutting or neighboring properties. A petition signed by all owners of properties entitled to recei...

	Section 30.030 Campsites, Campgrounds and RV Parks
	30.030-A Required Reviews
	30.030-B Permanent Residency Prohibited
	1. No camping space or camping unit may be used as a permanent residence. Continuous occupancy extending beyond 3 months in any 12-month period will be presumed to constitute permanent residency.
	2. The wheels of a recreational vehicle may not be removed except for temporary purposes of repair.

	30.030-C Minimum Land Area
	1. Primitive campsites require a minimum land area of 2 acres.
	2. Modern campgrounds and RV parks require a minimum land area of 25 acres.
	3. Each camping site must have a minimum area of 2,500 square feet with a minimum width of 40 feet.
	4. Where cabins are to be used, a minimum of 20,000 square feet of area must be provided per cabin. Clustering is allowed provided the minimum site area is allotted.

	30.030-D Spacing of Camping Units
	30.030-E Water, Sewer and Sanitation
	1. Water supply, sewage disposal, sewage collection, other sanitary facilities and insect and rodent control plans and specifications must be approved by the authorized local and state agencies.
	2. Sanitary facilities such as a toilet, lavatory, and bathing facilities must be provided in the following minimum numbers:
	a. Every campground must have at least one toilet for each sex, except that in isolated campgrounds limited to infrequent or casual use and where access is by foot, horseback, or trail vehicles, one privy or toilet may be utilized by both sexes.
	b. A water supply must be provided by a hand pump or water spigot.
	c. Where a campground is designed and operated for exclusive use by independent or self-contained camping vehicles only, at least one toilet and one lavatory must be provided for each sex at the rate of one for every 100 camping unit sites or fraction...
	d. Where a campground accepts or accommodates dependent camping vehicles and camping equipment campers, at least one toilet and one lavatory must be provided for each sex at the rate of one each for every 15 camping unit sites or fraction thereof, and...

	3. One recreational vehicle disposal station must be provided for each 100 recreational vehicle sties, or fraction thereof, that are not equipped with individual sewer and water connections. Each station must be level, have convenient access from the ...
	4. Pads must be provided for all trash and recycling containers. Such container pads must be designed to prevent containers from being tipped, to minimize spillage and container deterioration, and to facilitate cleaning of surrounding areas. Dumpsters...

	30.030-F Accessory Uses
	30.030-G Common Open Area
	30.030-H Streets
	1. Streets and driveways may be private, but must be constructed with a stabilized travel way (marl, shell, paving or other county-approved material) and meet the following minimum stabilized travel way width requirements:
	2. Street name signs and traffic control signs must be placed throughout the campground, where appropriate.

	30.030-I Parking Spaces
	1. At 1.5 parking spaces must be provided in the campground per camping unit site. At least one parking space must be provided at each site. Additional off-street parking may be provided in common areas or on individual sites.
	2. Parking spaces must have a stabilized surface of shell, marl, paving, or other county-approved material.

	30.030-J Street Access; Ingress and Egress
	1. All campgrounds must be provided with safe and convenient vehicular access from an improved public street. The North Carolina Department of Transportation must approve all access and entrance locations and improvements before the issuance of a permit.
	2. Entrances and exits to campgrounds must be designed for safe and convenient movement of traffic into and out of the campground and to minimize conflicts with free movement of motorized and nonmotorized travel on adjacent streets and sidewalks. All ...

	30.030-K Buffers
	30.030-L Fire Safety

	Section 30.040 Cemeteries
	Section 30.050 Continuing Care Facilities
	30.050-A When used as a continuing care facility, the density and number of units permitted may be doubled in the RA-200, RA-40, R-40, RA-20, R-20, R-15, and R-10 zoning districts.
	30.050-B Whenever the gross floor area of a continuing care facility is more than 20,000 square feet or a lot is less than 20,000 square feet, the development must be served by central water and central sewer.

	Section 30.060 Dependent Care Residence (Temporary)
	30.060-A In order to approve a temporary dependent care residence, the board of adjustment must find that a personal hardship situation exists. The hardship must involve the need to care for elderly family members or other dependents of the family occ...
	30.060-B Special use permits authorizing temporary dependent care residences may be issued for a maximum of 6 months, but may be renewed for successive 6-month periods for so long as the hardship continues to exist. Application for renewal of the perm...
	30.060-C Temporary dependent care residences must be served by approved water and sewer systems and maintained so as not to create nuisance conditions or adversely affect the visual character of the surrounding residential area.
	30.060-D Authorized temporary dependent care residences are not counted in calculating density but are subject to applicable setback and building height regulations.

	Section 30.070 Driving Ranges and Par-3 Golf Courses
	30.070-A Lighting must be directed away from residential areas or otherwise shielded to prevent glare on neighboring properties.
	30.070-B An opaque (Type A) screen must be installed on all sides of the property that do not border public streets.
	30.070-C Vehicular access to lots in R zoning districts must be provided from a thoroughfare or higher street classification. Access from local streets is prohibited.
	30.070-D Snack bars, club houses, pro shops and similar accessory uses must be set back at least 300 feet from lots occupied by residential uses or platted for residential use. Parking must be set back at least 200 feet from lots occupied by residenti...
	30.070-E Netting must be installed to keep golf balls within the golf driving range area.
	30.070-F Putting greens must be set back at least 100 feet from lots occupied by residential uses or platted for residential use.
	30.070-G The depth of a golf driving range (along the driving axis) must be at least 350 yards, measured from the location of the tees. The width must be at least 200 yards, measured at a distance of 350 yards from the tees.
	30.070-H Driving ranges and par-3 golf courses require a minimum site area of 10 acres when located in R districts.

	Section 30.080 Entertainment and Spectator Sports
	30.080-A Minor Outdoor Entertainment and Spectator Sports
	30.080-B Major Outdoor Entertainment and Spectator Sports
	1. Proposed major outdoor entertainment and spectator sports uses proposed to be located in R districts must be separated by a distance of at least 500 feet from any other R-zoned lot.
	2. Major outdoor entertainment and spectator sports uses require special use approval in accordance with 80.100-A. The special use application must be accompanied by a development and operating plan that includes all of the following:
	a. A site plan drawn to scale depicting public assembly and activity areas, site improvements, road access, driveways, parking areas and sanitary facilities;
	b. A description of facilities for any animals involved in the planned activities;
	c. The methods proposed to control dust, erosion, odor, noise, glare, waste disposal (manure, trash, etc.) and traffic congestion;
	d. A transportation impact study and a traffic management plan;
	e. A lighting plan demonstrating compliance with the outdoor lighting regulations of Section 55.130.
	f. The hours of operation;
	g. The projected number of people on the property during activities;
	h. A description of all items for sale during event activities, such as food, beverages and souvenirs; and
	i. Additional information as may be required by the administrator to enable competent review of the required special use permit.



	Section 30.090 Landfills
	30.090-A Demolition and Reclamation Landfills
	1. Solvents, chemicals, liquid paint, asbestos, food or food by products or any infectious or hazardous substance are prohibited.
	2. Operators must maintain valid permits and comply with all applicable regulations of authorized local and state agencies.
	3. The landfills may be operated for a maximum period of 24 months, after which time it must be closed in an approved fashion. On-site demolition landfills located in an industrial zoning district are exempt from the 24-month closing requirement, prov...
	4. The location of any landfill site must be indicated on the final subdivision plat. If no subdivision plat is required, the landfill site must be identified by a legal description as part of the deed for the lot or tract and/or be recorded by a plat...

	30.090-B Other Landfills
	1. Setback Requirements
	2. Screening
	3. Hours or Operation
	4. Access
	5. Flood Area
	6. Closure
	7. Sedimentation/Erosion Control
	8. Health Permits
	9. Site Recordation


	Section 30.100 Livestock and Poultry
	Section 30.110 Manufactured Housing Units
	30.110-A All manufactured housing units, whether located inside or outside of manufactured housing parks, must have a continuous curtain wall, unpierced except for required ventilation and access, installed under the home after placement on the lot an...
	30.110-B All manufactured housing units located outside of manufactured housing parks must be sited on the lot so that the front door of the unit is parallel or substantially parallel to the road upon which the lot fronts.
	30.110-C Class A and class B manufactured housing units located outside of manufactured housing parks must have a permanent masonry curtain wall, but if stucco is used, it may be applied to a masonry foundation only. In all other circumstances, a curt...
	30.110-D If a special use permit is required, the board of adjustment may not approve the special use permit unless the board of adjustment makes an affirmative finding that the proposed use will not substantially injure the value of abutting or neigh...

	Section 30.120 Manufactured Housing Units, Temporary
	30.120-A Temporary residences used on construction sites of nonresidential premises must be removed immediately upon the completion of the project.
	30.120-B Permits for temporary residences to be occupied pending the construction, repair, or renovation of the permanent residential building on a site expire 9 months after the date of issuance, except that the administrator may renew such permit fo...
	30.120-C Temporary residences must be a Class A, B, or C manufactured housing unit; travel trailers or campers do not qualify. The applicant must obtain or have a valid residential dwelling building permit for the principal structure on the lot when a...

	Section 30.130 Manufactured Housing Parks
	30.130-A Required Reviews
	30.130-B Minimum Land Area
	30.130-C Building Additions
	30.130-D Offices
	30.130-E Setbacks
	30.130-F Accessory Structures
	30.130-G Circulation and Parking
	1. Streets must be paved and constructed in accordance with North Carolina Department of Transportation standards.
	2. Maintenance of street within the park must be provided by the owners of the park, unless dedication is made and accepted by the state for adding to the state road system.
	3. All manufactured home park sites must be serviced by interior streets. Park sites may not take direct driveway access to a state-maintained road.
	4. Street name signs and traffic control signs must be placed throughout the manufactured housing park, where appropriate.
	5. A minimum of 2 off-street vehicle parking spaces paved or surfaced with at least 4 inches of gravel, must be provided adjacent to each manufactured housing unit space. Required parking may not be located on streets or drives within the park.
	6. One driveway servicing not more than 2 sites may be created for every 25 sites that are serviced by interior streets.

	30.130-H Refuse and Recycling Area
	30.130-I Open Space and Recreational Areas
	1. Adequate and suitable open space and recreation areas to serve the anticipated population of the park must be provided and consist of at least 10,000 square feet of land area per 25 manufactured home sites or fraction thereof.
	2. Required recreational facilities and open space areas may not be placed in an area utilized for septic tank filter fields.


	Section 30.140 Mining/Extraction Uses
	30.140-A All mining and extraction uses require review and approval in accordance with the special use procedures of 80.100-A.
	30.140-B Before special use approval is granted to any property, the applicant must first obtain a mining permit from the appropriate state and federal agencies. A copy of the permit together with such documents as were required to obtain such permit,...
	30.140-C The following additional regulations apply to mining and extraction uses:
	1. The area covered by the state or federal mining permit must be greater than 10 acres;
	2. Mining must be on an industrial extraction basis only and is not permitted by hobbyists or others not engaged in the mineral extraction business; and
	3. The outer limits of any extraction area where mining is allowed must be at least 50 feet from all property lines and at least 150 feet from any R-zoned lot or any lot occupied by a residential use.


	Section 30.150 Radio or Television Broadcast Tower
	30.150-A All towers must be set back from all abutting R-zoned lots by a minimum distance of 200 feet or a distance the engineering-rated fall zone of the tower, whichever results in a greater setback.
	30.150-B A minimum 8-foot high security fence is required around the radio/television tower and guy wire anchor locations, and features must be installed on the fence or tower to prevent climbing by unauthorized persons. Permit-issuing authorities are...
	30.150-C Landscape screening that meets at least the minimum requirements for an S2 screen (see §55.090-C) must be provided along the outside area of the perimeter fenced to mitigate the visual impacts of the tower base, equipment buildings and guy wi...
	30.150-D Towers with a height of less than 200 feet may not contain lights or light fixtures at a height exceeding 15 feet, unless required by the Federal Aviation Administration. All allowed lighting must be directed toward the tower or accessory use...
	30.150-E All guy wire anchors are subject to the minimum building setback requirements of the subject zoning district.

	Section 30.160 Recyclable Material Processing Center
	30.160-A Recyclable material processing facilities may not accept or process construction or demolition debris.
	30.160-B All putrescible waste must be processed and stored within completely enclosed buildings.
	30.160-C The material recycling facility must be operated in a safe, sanitary, and litter-free manner that protects human health and the environment.
	30.160-D Dust, odors, noise, and other nuisances resulting from the operation of the material recycling facility must be minimized to the greatest extent practicable.
	30.160-E Unauthorized entry into recyclable material processing facilities must be prevented.
	1. Measures to prevent unauthorized entry include appropriate signs located at entrances and other locations in a sufficient number and size to be seen from any approach to the facility and may include fencing where appropriate.
	2. If recyclable commodities are accepted directly from the public:
	a. A designated and clearly identified public consumer recyclable commodities acceptance area that minimizes the potential for accidents and unauthorized entry into non-public areas of the recyclable material processing facility must be provided; and
	b. The types of consumer recyclable commodities accepted from the public and the containers in which they are accepted must be clearly identified.


	30.160-F If the material processing facility is located on a site where activities other than the recycling of consumer recyclable commodities occur, the recycling of consumer recyclable commodities must be kept separate from all other activities at t...
	30.160-G Outdoor storage must be screened from view with a solid fence or wall at least 6 feet and no more than 8 feet in height. Stored material may not exceed the height of the fence or wall.

	Section 30.170 Shooting Range
	30.170-A A site plan sealed by a North Carolina registered engineer must be submitted attesting that the proposed shooting range plan complies with all applicable safety and design standards for outdoor firing range provisions and live fire shoot hous...
	30.170-B The detailed site plan must show the boundary of the subject property in its entirety and depict all discernible, existing uses and structures within 300 feet of the subject property’s boundary.
	30.170-C Surface danger zones must be located entirely on the subject property and must be designed to contain all projectiles and debris caused by the type of ammunition, targets and activities to be used or to occur on the property. The layout of th...
	30.170-D A minimum 60-foot buffer, undisturbed except for fence installation and vegetative planting, must be provided around the entire perimeter of the subject property and be delineated on the site plan.
	30.170-E Shooting ranges must have direct access to a state-maintained road.
	30.170-F Unauthorized access to the shooting range facility must be controlled while firearms are being discharged.
	30.170-G The developer/operator of the shooting range facility must provide to the administrator at the time of application for permits or final inspection, a certification prepared by a North Carolina registered engineer that the shooting range facil...

	Section 30.180 Stables and Riding Academies
	30.180-A Stables and riding academies may not keep more than one horse per acre of land area on the subject lot. Colts or fillies less than 6 months of age are not counted for purpose of this animal density regulation. The number of horse stalls may n...
	30.180-B Barns and similar structures used to house horses must be set back in accordance with the following minimum requirements:
	1. 50 feet from lot lines; and
	2. 100 feet from lots occupied by residential uses.

	30.180-C Barns and similar structures used to house horses must be located in the rear yard when accessory to a residential structure and when located on lots of less than 4 acres in area.

	Section 30.190 Wireless Telecommunications Facilities
	30.190-A Purpose
	30.190-B State and Federal Law
	30.190-C Approvals Required
	a. Removal or replacement of transmission equipment on an existing wireless support structure that does not result in a substantial modification of the wireless facility.
	b. Ordinary maintenance of existing wireless facilities and wireless support structures;

	30.190-D General Standards and Design Requirements
	1. Design
	a. Wireless support structures must be engineered and constructed to accommodate a minimum number of collocations based on their overall height, as follows:
	(1) Support structures that are 60 to 100 feet in height must be engineered and constructed to accommodate at least 2 telecommunications providers;
	(2) Support structures that 101 to 150 feet in height must be engineered and constructed to accommodate at least 3 telecommunications providers; and
	(3) Support structures greater than 150 feet in height must be engineered and constructed to accommodate at least 4 telecommunications providers.

	b. The equipment compound area surrounding a wireless support structure must be of sufficient size to accommodate accessory equipment for the required or actual number of telecommunications providers, whichever is greater.
	c. Concealed wireless facilities must be designed to accommodate the collocation of other antennas whenever economically and technically feasible. Antennas must be enclosed, camouflaged, screened, obscured or otherwise not readily apparent to a casual...
	d. Requests for waivers of the requirement that new wireless support structures accommodate the collocation of other service providers must be heard by the board of adjustment in accordance with the special use procedures of 80.100-A. In order to appr...

	2. Setbacks
	3. Appearance
	a. Lighting and Marking
	b. Signs

	4. Accessory Equipment
	5. Fences

	30.190-E Removal of Abandoned Antenna and Towers
	30.190-F Existing Towers and Antennas
	30.190-G Definitions


	Article 35 | Accessory Uses and Structures
	Section 35.010 Authorization
	35.010-A Accessory uses and structures are permitted in connection with lawfully established principal uses.
	35.010-B Accessory uses and structures include those expressly regulated in this article as well as those that, in the determination of the administrator, satisfy all of the following criteria:
	1. Customarily found in conjunction with the subject principal use;
	2. Constitutes only an incidental or insubstantial part of the total activity that takes place on the subject lot; and
	3. Is integrally related to the principal use.

	35.010-C For purposes of interpreting §35.010-B:
	1. A use or structure may be regarded as incidental or insubstantial if it is incidental or insubstantial in and of itself or in relation to the principal use;
	2. To be "commonly associated" with a principal use, it is not necessary for an accessory use or structure to be connected with such principal use more times than not, but only that the association is such that there is common acceptance of their rela...
	3. The total square footage of all accessory use buildings on any single lot may not exceed the total square footage of the principal building on that same lot.

	35.010-D The following activities may not be regarded as accessory to a residential principal use and are prohibited in residential districts:
	1. Storage outside of a substantially enclosed structure of any motor vehicle that is neither licensed nor operational.


	Section 35.020 General Regulations
	35.020-A Time of Construction and Establishment
	1. Accessory uses may be established only after the principal use of the property is in place.
	2. Accessory buildings may be established in conjunction with or after the principal building. They may not be established before the principal building is in place.

	35.020-B Location
	35.020-C Lot and Building Regulations
	1. Unless otherwise expressly stated, accessory buildings are subject to the same lot and building regulations as apply to principal buildings, provided that accessory buildings in residential districts are subject to the regulations of §35.020-C2.
	2. Accessory buildings located in the rear yard (completely behind the rear building line) of an allowed residential use are subject to minimum rear and interior side setbacks of 5 feet, provided that if the high point of the roof or any appurtenance ...
	3. In residential zoning districts, the maximum lot coverage of all principal and accessory buildings on the lot may not exceed 40% of the lot.


	Section 35.030 Accessory Dwelling Units
	35.030-A Where Allowed
	35.030-B General Standards
	35.030-C Number
	35.030-D Methods of Creation
	1. Converting existing living area within a dwelling unit  (e.g., attic or basement);
	2. Adding floor area to an existing dwelling unit;
	3. Constructing a detached accessory dwelling unit on a lot with an existing dwelling unit;
	4. Converting space within detached accessory buildings; or
	5. Constructing a new dwelling unit with an internal or detached accessory dwelling unit.

	35.030-E Density (Minimum Lot Area per Unit)

	Section 35.040 Home Occupations
	35.040-A Description
	35.040-B Exemptions
	35.040-C Allowed Uses
	35.040-D Types of Home Occupations
	1. Two types of home occupations are regulated under this section: (i) suburban home occupations and (ii) rural home occupations.
	2. Suburban home occupations are those that comply with all regulations of §35.040-E; rural home occupations are those that cannot comply with all applicable suburban home occupation regulations but that do comply with all regulations of §35.040-F.
	3. The difference in regulations recognizes that work-at-home activities that are customary and compatible in large-lot rural settings are often very different from those that are customary and compatible in smaller lot suburban settings.

	35.040-E Suburban Home Occupations
	1. Suburban home occupations must be clearly incidental and subordinate to the subject property’s principal residential use.
	2. At least one individual engaged in a suburban home occupation must reside in the dwelling unit in which the suburban home occupation is located as their primary place of residence. A maximum of 2 nonresident employees are allowed with a suburban ho...
	3. Suburban home occupations may be conducted within the principal dwelling unit or within an accessory building, provided that the area occupied or used for the suburban home occupation may not exceed the lesser of 1,000 square feet or 25% of the gro...
	4. Only vehicles licensed as passenger vehicles may be used in connection with a suburban home occupation.
	5. Only one suburban home occupation is allowed per dwelling unit.
	6. No goods, stock in trade, or other commodities may be displayed outside a fully enclosed structure.
	7. No on-premises retail sales of goods not produced on-site may occur.
	8. Suburban home occupations must not change the character of the residential building they occupy or adversely affect the character of the surrounding neighborhood. Home occupations may not, for example, produce light, noise, vibration, odor, parking...
	9. Any tools or equipment used as part of a suburban home occupation must be operated in a manner or sound-proofed so as not to be audible beyond the lot lines of the subject property.
	10. External structural alterations or site improvements that change the residential character of the lot upon which a suburban home occupation is located are prohibited. Examples of such prohibited alterations include construction of parking lots, th...
	11. The use or storage of hazardous substances is prohibited, except at the “consumer commodity” level, as that term is defined in 49 C.F.R. Sec. 171.8.
	12. Only passenger automobiles, passenger vans and passenger trucks may be used in the conduct of a suburban home occupation. No other types of vehicles may be parked or stored on the premises. This provision is not intended to prohibit deliveries and...
	13. The following uses are expressly prohibited as suburban home occupations:
	a. Any type of assembly, cleaning, maintenance or repair of vehicles or equipment with internal combustion engines or of large appliances (such as washing machines, clothes dryers or refrigerators);
	b. Dispatch centers or other businesses where employees come to the site and are dispatched to other locations;
	c. Equipment or supply rental businesses;
	d. Taxi, limo, van or bus services;
	e. Tow truck services;
	f. Taxidermists;
	g. Restaurants;
	h. Funeral or interment services;
	i. Animal care, grooming or boarding businesses; and
	j. Any use involving the use or storage of vehicles, products, parts, machinery or similar materials or equipment outside of a completely enclosed building; and
	k. Any use that does not comply with the suburban home occupation regulations of this section.


	35.040-F Rural Home Occupations
	1. Rural home occupations must be clearly incidental and subordinate to the subject property’s principal residential or agricultural use.
	2. At least one individual engaged in a rural home occupation must reside in the principal dwelling unit on the subject property as their primary place of residence. A maximum of 3 nonresident employees are allowed with a rural home occupation.
	3. Rural home occupations may be conducted within the principal dwelling unit or within an accessory building, provided that the total accessory building floor area occupied by a rural home occupation may not exceed 3,000 square feet.
	4. Accessory buildings, material storage and outdoor work areas must be set back at least 300 feet from adjacent residences.
	5. Any storage or outdoor work areas must be screened in accordance with at least the S2 screen requirements of §55.090-C.
	6. The following uses are expressly prohibited as rural home occupations:
	a. Dispatch centers or other businesses where employees come to the site and are dispatched to other locations;
	b. Equipment or supply rental businesses;
	c. Taxi, limo, van or bus services;
	d. Tow truck services;
	e. Junk yards;
	f. Restaurants;
	g. Funeral or interment services; and
	h. Any use that does not comply with the rural home occupation regulations of this section.



	Section 35.050 Farm Stands
	Section 35.060 Keeping of Horses
	35.060-A No more than one horse over 6 months of age may be kept as an accessory use per one acre of land area;
	35.060-B Any barn, stable or other structure occupied by a horse must be set back at least:
	1. 50 feet from adjacent property lines;
	2. 100 feet from any adjacent residences; and
	3. 30 feet from the principal structure on the property.

	35.060-C In addition, any structure that houses a horse must be located in the rear yard when accessory to a residential structure on a lot of less than 4 acres in area.

	Section 35.070 Room Rental
	Section 35.080 Receive-Only Antennas
	35.080-A Antennas that require a permit must be in the rear yard unless unsatisfactory reception is incurred.
	35.080-B Ground-mounted antennas that require a permit must be screened in accordance with the S1 screen requirements of §55.090-B, except to the extent that such screening would interfere with satellite reception.
	35.080-C Roof-mounted antennas that require a permit must be screened in accordance with §55.080-C2, except to the extent that such screening would interfere with satellite reception.

	Section 35.090 Electric Vehicle Charging Stations
	35.090-A General
	1. Private (restricted-access) electric-vehicle (EV) charging stations are permitted as accessory uses in all zoning districts.
	2. Public EV charging stations are permitted as accessory uses to allowed nonresidential uses in all zoning districts.

	35.090-B Parking
	1. Electric vehicle charging stations may be counted toward satisfying minimum off-street parking space requirements.
	2. Public electric vehicle charging stations must be reserved for parking and charging electric vehicles. Electric vehicles may be parked in any space designated for public parking, subject to the restrictions that apply to any other vehicle.

	35.090-C Equipment

	Section 35.100 Geothermal Heat Exchange Systems
	35.100-A General
	35.100-B Location

	Section 35.110 Solar Energy Systems
	35.110-A General
	35.110-B Building-Mounted Solar Energy Systems
	1. Building-mounted solar energy systems may be mounted on principal and accessory structures.
	2. All applicable setback regulations apply to building-mounted solar energy systems. Systems mounted on principal structures may encroach into interior side and rear setbacks in accordance with §100.050-B.
	3. Only building-integrated and/or flush-mounted solar energy system may be installed on street-facing building elevations.
	4. Solar energy systems may not extend more than 3 feet above the applicable maximum building height limit for the subject building type or more than 5 feet above the highest point of the roof line, whichever is less.

	35.110-C Ground-Mounted Solar Energy Systems
	1. In residential zoning districts, ground-mounted solar energy systems may not be located in a required street setback or street yard area.
	2. Ground-mounted solar energy systems may be located within required interior side and rear setbacks.
	3. Ground-mounted solar energy systems are subject to applicable accessory structure height and lot coverage regulations.



	Article 40 | Temporary Uses and Special Events
	Section 40.010 Description and Purpose
	40.010-A A temporary use is the use of private property that does not require a building permit and that may or may not comply with the use and lot and building regulations of the zoning district in which the temporary use is located.
	40.010-B The temporary use regulations of this article are intended to permit such occasional, temporary uses and activities when consistent with the purposes and regulations of this ordinance.

	Section 40.020 Authority to Approve
	40.020-A Except as expressly stated in Section 40.050, all temporary uses require issuance of a permit by the administrator.
	40.020-B The administrator is authorized to approve temporary uses that comply with the provisions of this article and to impose reasonable conditions on the operation of temporary uses to help ensure that they do not create significant adverse impact...
	40.020-C Temporary uses that do not comply with all applicable regulations and all conditions of approval imposed by the administrator require review and approval in in accordance with the special use procedures of §80.100-A.
	40.020-D Temporary uses and special events on county-owned land require review and approval by the Board of Commissioners.

	Section 40.030 Authorized Uses
	40.030-A Christmas tree and similar holiday sales lots for a maximum of 90 days per lot per calendar year;
	40.030-B Outdoor carnivals, concerts, festivals, revivals and public gatherings for a maximum of 30 days per lot per calendar year and no more than 10 consecutive days per occurrence;
	40.030-C Construction staging areas, construction offices and storage of materials related to ongoing construction for the period in which construction is ongoing and all required permits remain valid;
	40.030-D Temporary sales and leasing offices and model homes, when located on the same lot or in the same subdivision as the units or floor space actively being offered for lease or sales; and
	40.030-E Temporary portable storage containers, subject to the following supplemental regulations:
	1. Portable storage containers in R-40, R-20, R-15, R-10, R-8, R-6, and R-4 zoning districts are subject to the following regulations:
	2. Temporary portable storage containers are permitted for a period not to exceed a total of 90 days within any calendar year unless a valid building or construction permit is in place for the subject property, in which case the portable storage conta...
	3. No more than one container may be located on any lot.
	4. Containers may not exceed 16 feet in length, 8 feet in width, and 8.5 feet in height.
	5. Containers must be setback at least 5 feet from all property lines.
	6. Containers must be placed on an all-weather surface. Containers are prohibited within landscape areas, open spaces, stormwater basins, or any other location that may cause hazardous conditions, constitute a threat to public safety, or create a cond...
	7. No materials may be stacked or stored on the exterior of the container and no running gear or transport trailer may be stored on site outside of a completely enclosed building.

	40.030-F Portable storage containers in RA zoning districts and all office, commercial and industrial zoning districts are subject to the following regulations:
	1. Temporary portable storage containers are permitted for a period not to exceed a total of 90 days within any calendar year unless a valid building or construction permit is in place for the subject property, in which case the portable storage conta...
	2. No more than 3 containers may be located on any lot.
	3. Containers may not exceed 20 feet in length, 8 feet in width, and 8.5 feet in height.
	4. Containers must comply with all setback requirements that apply to principal buildings.
	5. Containers may not be placed or located on a required parking space, circulation aisle/lane, or fire access lane.
	6. Vertical stacking of containers and stacking of any other materials or merchandise on top of any portable storage container is prohibited. No running gear or transport trailer may be left underneath any portable storage container.
	7. Containers are prohibited within landscape areas, required open spaces, stormwater basins, or any other location that may cause hazardous conditions, constitute a threat to public safety, or create a condition detrimental to surrounding land uses a...


	Section 40.040 Procedure
	40.040-A Requirements for vehicle access and parking;
	40.040-B Restrictions on overall duration of the use and hours of operation;
	40.040-C Limitations on signs and outdoor lighting;
	40.040-D Requirements for financial guarantees covering the costs of cleanup and/or removal of structures or equipment; and
	40.040-E Other conditions necessary to help carry out the stated purposes of this ordinance.

	Section 40.050 Exemptions
	40.050-A Yard sales or garage sales, so long as such sales are not conducted on the same lot for more than 3 days (whether consecutive or not) during any 90-day period.


	Article 45 | Parking
	Section 45.010 General
	45.010-A Purpose
	1. Promoting economically viable and beneficial use of land;
	2. Providing flexible methods of responding to the transportation and access demands of various land uses in different areas of the county; and
	3. Helping avoid the negative impacts that can result from requiring excessive supplies of off-street parking (e.g., impervious surfaces, stormwater runoff, visual environment).

	45.010-B Applicability
	1. General
	2. New Uses and Development
	3. Change of Use
	4. Enlargements and Expansions
	a. The regulations of this article apply whenever an existing building or use is enlarged or expanded to include additional dwelling units, floor area, seating capacity or other units of measurement used for establishing off-street parking requirements.
	b. In the case of enlargements or expansions that trigger requirements for additional parking, additional spaces are required only to serve the enlarged or expanded area, not the entire building or use. There is no requirement to address parking space...



	Section 45.020 Maximum Parking Ratios
	Section 45.030 Minimum Parking Ratios
	Section 45.040 Calculation of Required Parking
	45.040-A Multiple Uses
	45.040-B Fractions
	45.040-C Area Measurements
	45.040-D Occupancy- or Capacity-based Standards
	45.040-E Bench Seating
	45.040-F Unlisted Uses
	45.040-G Establishment of Other Parking Ratios

	Section 45.050 Exemptions, Reductions and Alternative Compliance
	45.050-A Restaurant Outdoor Seating Areas
	45.050-B Shared Parking
	1. General
	2. Special Use Approval
	3. Eligibility
	4. Methodology
	a. Multiply the minimum parking required for each individual use, as set forth in Section 45.030 by the percentage identified for each of the 6 designated time periods.
	b. Add the resulting sums for each of the 6 columns.
	c. The minimum shared parking requirement is the highest sum among the 6 columns resulting from the above calculations.
	d. Select the time period with the highest total parking requirement and use that total as the shared parking requirement.

	5. Other Uses
	6. Other Shared Parking Methodologies
	7. Location

	45.050-C Alternative Compliance Parking Ratios
	1. The applicant submits a parking study demonstrating that the motor vehicle parking ratios of Section 45.030 do not accurately reflect the actual day-to-day parking demand that can reasonably be anticipated for the proposed use based on a parking st...
	2. The permit-issuing authority determines that the proposed alternative parking ratios are supported by competent data and study findings and are not likely to cause adverse impacts on traffic circulation and safety or on the general welfare of prope...


	Section 45.060 Parking Studies
	Section 45.070 Use of Off-Street Parking Areas
	45.070-A Required off-street parking spaces are intended to serve residents, tenants, patrons, employees, or guests of the principal use. Required off-street parking areas may be used solely for the temporary parking of licensed motor vehicles in oper...
	45.070-B Required off-street parking spaces may not be used for the storage, display or sale of goods equipment or materials. No motor vehicle repair work of any kind is permitted in a required parking space except in a zoning district that permits mo...

	Section 45.080 Location of Off-Street Parking
	45.080-A General
	45.080-B Off-site Parking
	1. When Allowed
	2. Location
	3. Design
	4. Control of Off-Site Parking Area


	Section 45.090 Parking Area Design
	45.090-A General
	1. Parking and vehicular use areas must be designed so that sanitation, emergency, and other public service vehicles can serve the subject property without backing unreasonable distances or making dangerous or hazardous turning movements.
	2. Parking and vehicular use areas must be designed so that vehicles cannot extend beyond the perimeter of such area onto adjacent properties or public rights-of-way. Such areas must also be designed so that vehicles do not extend over sidewalks or da...
	3. Circulation areas shall be designed so that vehicles can proceed safely without posing a danger to pedestrians or other vehicles and without interfering with parking areas.

	45.090-B Ingress and Egress
	45.090-C Stall Size
	1. Required parking spaces must be at least 9.0 feet in width and 19 feet in length, exclusive of access drives and aisles.
	2. In parking areas containing 10 or more parking spaces, up to 20% of the parking spaces may be “compact” vehicle parking spaces with minimum dimensions of 7.5 feet in width and 15 feet in depth. All compact parking spaces must be conspicuously desig...
	3. In parking areas where permanent wheel stops have been installed, 2.5 feet of the parking space length (depth) beyond the wheel stop may be counted as part of the required stall length if that area is not part of another parking stall or drive aisl...

	45.090-D Parking Area Layout (Geometrics)
	45.090-E Striping
	45.090-F Tandem Parking
	45.090-G Surfacing
	1. All off-street parking and vehicular use areas containing 5 or more parking spaces must be surfaced with an all-weather material unless otherwise expressly stated.
	2. Permit-issuing authorities are authorized to waive the surfacing requirement of §45.090-G1 for uses in LI, HI and RA districts and for temporary uses in all districts and to allow, as an alternative, surfacing with size-13 crushed stone. The perime...
	3. Pervious pavement or pervious pavement systems, including pervious asphalt, pervious concrete, modular pavers designed to funnel water between blocks, lattice or honeycomb shaped concrete grids with turf grass or gravel filled voids to funnel water...
	a. All materials must be installed in accordance with industry standards. Appropriate soils and site conditions must exist for the pervious pavement or pervious pavement system to function. For parking lots of 10 spaces or more, documentation that ver...
	b. All materials must be maintained in accordance with industry and county standards. Damaged areas must be promptly repaired. Gravel that has migrated from a pervious pavement systems onto adjacent areas must be regularly swept and removed.
	c. Pervious asphalt or pervious concrete may be used for accessible parking spaces and accessible routes from the accessible space to the principal structure or use served, but no other pervious pavement system may be used for such areas.
	d. Pervious pavement or pervious pavement systems are prohibited in areas used for the dispensing of gasoline or other liquid engine fuels or where hazardous liquids could be absorbed into the soil through the pervious pavement or pervious pavement sy...
	e. Pervious asphalt, pervious concrete, or modular pavers may be used for drive aisles and driveways, but no other pervious pavement systems may be used in such areas.
	f. Pervious pavement or pervious pavement systems that utilize turf grass may not be used to meet minimum off-street parking requirements, but may be used for overflow parking spaces that are not used for required parking and that are not occupied on ...
	g. Pervious pavement or pervious pavement systems that utilize gravel with overlaid or embedded mesh or geocells are limited to LI, HI and RA zoning districts.


	45.090-H Landscaping and Screening
	45.090-I Lighting

	Section 45.100 Stacking Spaces for Drive-through Facilities
	45.100-A  Spaces Required
	45.100-B Dimensions
	45.100-C Location and Design
	45.100-D Pedestrian Access

	Section 45.110 Accessible Parking for People with Disabilities
	Section 45.120 Loading
	45.120-A Minimum Requirements
	1. Office, Lodging and Hospital Uses
	2. Industrial, Retail and Wholesale, Distribution and Storage Uses

	45.120-B Location and Setbacks
	1. Loading areas must be located and designed so that the vehicles intended to use them can:
	a. Maneuver safely and conveniently to and from a public right-of-way, and
	b. Complete the loading and unloading operations without obstructing or interfering with any public right-of-way or any parking space or drive aisle.

	2.  All required loading spaces must be located on the same lot as the use served.
	3. Unenclosed off-street loading areas may not be located within 50 feet of any abutting R-zoned properties unless the loading areas is screened on all sides abutting the R-zoned property in accordance with the S2 screening standards of §55.090-C.

	45.120-C Design
	1. Size
	2. Access
	3. Surfacing

	45.120-D Alternative Compliance Loading Ratios
	1. The applicant submits a loading study demonstrating that the loading ratios of this section do not accurately reflect the actual day-to-day loading demand that can reasonably be anticipated for the proposed use based on a study that complies with t...
	2. The permit-issuing authority determines that the proposed alternative loading ratios are supported by competent data and study findings and are not likely to cause adverse impacts on traffic circulation and safety or on the general welfare of prope...



	Article 50 | Signs
	Section 50.010 General
	50.010-A Purpose
	1. To support the desired character of Union County, as expressed in adopted plans, policies and regulations;
	2. To promote an attractive visual environment;
	3. To encourage the effective use of signs as a means of communication for businesses, organizations and individuals;
	4. To provide a means of way-finding, thus reducing traffic confusion and congestion;
	5. To provide for adequate business identification and communication;
	6. To prohibit signs of such excessive size and number that they obscure one another to the detriment of the economic and social well-being of county and its residents, property owners and visitors;
	7. To protect the safety and welfare of the public by minimizing the hazards to pedestrian and vehicular traffic;
	8. To differentiate among those signs that, because of their location, may distract drivers on public streets and those that may provide information to them while they remain in their cars but out of active traffic;
	9. To minimize the possible adverse effects of signs on nearby public and private property; and
	10. To provide broadly for the expression of individual opinions through the use of signs on private property.

	50.010-B Scope and Applicability
	50.010-C Content Neutrality

	Section 50.020 Prohibited Signs and Sign Characteristics
	50.020-A Signs that obstruct, impair, obscure, interfere with the view of, or that may be confused with, any authorized traffic control sign, signal, or device;
	50.020-B Signs that interfere with the view necessary for motorists to proceed safely through intersections or to enter onto or exit from public streets or private streets;
	50.020-C  Signs that revolve or are animated or that utilize movement or apparent movement to attract attention of the public, including banners, streamers, animated display boards, electronic message centers, digital display signs, video signs, penna...
	50.020-D Roof signs;
	50.020-E Signs that obstruct any fire escape, required exit, window or door opening used as a means of egress;
	50.020-F Signs that interfere with an opening required for ventilation;
	50.020-G Signs affixed directly to a tree, utility pole or traffic control device;
	50.020-H Signs attached to or painted on an inoperable or unlicensed vehicle (motorized or non-motorized) located in view of the right-of-way;
	50.020-I Signs attached to or painted on a licensed vehicle that is located in view of the right-of-way when the administrator determines that the vehicle is parked solely for the purpose of displaying the sign to passing motorists or pedestrians (thi...
	50.020-J Search lights, strobe lights, and rotating beams of light, including those that resemble emergency lights;
	50.020-K Signs that include flashing lights, projected or moving images, moving parts or that emit noise, unless otherwise expressly authorized by regulations of this section;
	50.020-L Illuminated tubing or strings of lights that outline property lines, sales areas, roof lines, doors, windows, or similar areas, except for temporary holiday displays; and
	50.020-M Signs located in or that extend into the public right-of-way or that project beyond property lines (this prohibition on signs in the right-of-way does not apply to signs established by, or by order of, any governmental agency).

	Section 50.030 Signs Allowed without Sign Permits
	50.030-A Signs not exceeding 4 square feet in area that are customarily associated with residential use and that contain no commercial message;
	50.030-B Signs erected by or on behalf of or pursuant to the authorization of a governmental body, including legal notices, identification and informational signs, and traffic, directional or regulatory signs;
	50.030-C Official signs erected by public utilities;
	50.030-D Flags, pennants, or insignia of any governmental or non-profit organization when not displayed in connection with a commercial promotion and when they contain no commercial message;
	50.030-E Integral decorative or architectural features of buildings or works of art, so long as such features or works do not contain a commercial message, moving parts, or lights;
	50.030-F Signs directing and guiding traffic on private property that do not exceed 4 square feet in area or more than 6 feet in height. Commercial messages may comprise no more than 50% of the area of a directional sign;
	50.030-G Signs attached to the interior of a building window or glass door, or visible through such window or door, provided that such signs, individually or collectively, do not cover more than 33% of the surface area of the window or glass door;
	50.030-H Displays of merchandise offered for sale or rent on the premises where displayed. Only merchandise of the type that is actually for sale or rent, and not pictorial or other representations of such merchandise, falls within this exemption;
	50.030-I Signs advertising the price of gasoline provided that such signs are attached to the pump island or a permitted freestanding sign;
	50.030-J A North Carolina vehicle inspections sign so long as such sign is not located in any right-of-way;
	50.030-K Temporary campaign or election signs, provided that:
	1. Individual signs may not exceed 32 square feet in area; and
	2. All signs must be removed within 15 days following the elected or conclusion of the vote;

	50.030-L One temporary “for sale,” “for rent” or similar temporary real estate sign is allowed per street frontage, provided that they are removed within 15 days after the sale, rental, or lease has been accomplished.
	1. Temporary real estate signs on lots containing a detached house, townhouse or two-unit house are limited to a maximum area of 9 square feet per sign.
	2. Temporary real estate signs on lots containing agricultural, multi-unit residential, public/quasi-public, office, commercial, or industrial use or that are zoned for such use may not exceed the greater of 32 square feet or 0.20 square feet of sign ...

	50.030-M One temporary construction sign is allowed per street frontage during the time that construction or development activity, pursuant to a valid permit, is occurring on the subject lot, as follows:
	1. Temporary construction signs on a lot containing a detached house, townhouse or two-unit house may not exceed 24 square feet in area.
	2. Temporary construction signs on a lot containing agricultural, multi-unit residential, public/quasi-public, office, commercial, or industrial use or a lot zoned for such uses may not exceed may not exceed the greater of 32 square feet or 0.20 squar...
	3. Temporary construction signs for new residential subdivisions consisting of fewer than 50 dwelling units may not exceed 100 square feet. For subdivisions of more than 50 dwelling units, up to 2 signs totaling no more than 200 square feet are permit...
	4. Temporary construction signs must be removed within 15 days after completion of the construction or development;

	50.030-N Temporary signs indicating that a temporary special event such as a fair, carnival, circus, festival or similar happening is to take place on the lot where the sign is located. Such signs may be erected not sooner than 30 days before the even...
	50.030-O Temporary signs advertising the existence of (i) a roadside stand selling fruits or vegetables grown on the lot where the stand is located or on other land owned by or leased to the person operating the stand, or (ii) a farm or tract upon whi...
	50.030-P Temporary signs not covered in §50.030-K, §50.030-L, §50.030-M, §50.030-N, or §50.030-O, so long as such temporary signs comply with the following restrictions:
	1. Not more than one such sign may be located on any lot.
	2. No such sign may exceed 4 square feet in surface area.
	3. Such sign may not be displayed for longer than 10 consecutive days or more than 20 days in any calendar year.


	Section 50.040 Signs in R Zoning Districts and Signs Accessory to Residential Uses
	50.040-A Applicability
	50.040-B Multi-unit Living, Neighborhood and Subdivision Identification Signs
	1. Multi-unit (residential) buildings are allowed a maximum of one freestanding sign per street frontage and a maximum of one wall sign per building wall. Wall signs may not exceed 16 square feet in area.
	2. Residential subdivisions, including manufactured housing parks, are allowed a single freestanding sign at each street entrance to the subdivision.
	3. Freestanding multi-unit building and subdivision identification signs must be monument signs. They may not exceed 32 square feet in area or 0.20 square feet of sign area per linear foot of street frontage, whichever is greater, but in no case may t...

	50.040-C Nonresidential Uses
	1. Wall Signs
	2. Freestanding Signs


	Section 50.050 Signs in Office, Commercial and Industrial Zoning Districts
	50.050-A Applicability
	50.050-B Wall Signs
	1. Maximum Number
	2. Maximum Area
	a. Except as expressly stated in §50.050-B2.b, the cumulative maximum area of all allowed wall signs may not exceed one square foot per each foot of building frontage.
	b. Regardless of the maximum wall sign area calculated pursuant to §50.050-B2.a, the maximum area of any single wall sign may not exceed 250 square feet.

	3. Location
	a. A wall sign may not cover more than 30% of the wall area to which it is attached.
	b. Wall signs may not extend above any parapet or be placed on any roof surface, except that for purposes of this provision, roof surfaces constructed at an angle of 75 degrees or more from horizontal are regarded as wall area.


	50.050-C Projecting Signs
	1. When Allowed
	2. Maximum Projection
	3. Vertical Clearance

	50.050-D Awning and Canopy Signs
	1. Non-illuminated awnings with no more than 6 square feet of sign (copy) area on the border of the awning may be used in addition to wall signs.
	2. Other awning signs or canopy signs may be substituted for allowed wall signs, provided that the total number and area of all wall signs, awning signs and canopy signs combined may not exceed the limits established for wall signs in §50.050-B1 and §...

	50.050-E Freestanding Signs
	1. Maximum Number
	2. Maximum Area
	3. Maximum Height
	4. Location
	a. Freestanding signs must be set back at least 12.5 feet from all public rights-of-way and from the back of curb or outer edge of all driveways.
	b. Freestanding signs must be set back at least 50 feet from all residential zoning districts.

	5. Design
	a. Freestanding signs in all office, commercial and industrial zoning districts must be monument signs, provided that this provision does not apply to lots with frontage on Highway 74
	b. The ground area surrounding the base of all freestanding signs must be landscaped. The landscape area must be at least as large as the sign area. The landscape area must include shrubs, perennial and/or annual flowers, ornamental grasses, and/or ot...


	50.050-F Multi-tenant Developments
	1. Directory Signs
	2. Freestanding Signs on Outlots and Outparcels
	a. Maximum Area
	b. Maximum Height
	c. Location and Design

	3. Master Sign Plans
	a. Applicability
	b. Contents


	50.050-G Menu Board Signs
	1. Number and Dimensions
	2. Residential Separation


	Section 50.060 Off-Premise Signs
	50.060-A Where Allowed
	1. Comply with all applicable requirements of this ordinance;
	2. Are located on lots with frontage on Highway 74;
	3. Are located within a 1,000 foot radius of a principal building used for nonresidential purposes; and
	4. Are not located within a 500-foot radius of an existing dwelling unit that is not owned by the owner of the land where the sign is to be located. A dwelling unit is deemed existing for purposes of this subsection if, at the time an application is f...

	50.060-B Spacing from Other Off-Premise Signs

	Section 50.070 Illumination
	50.070-A Except as otherwise expressly prohibited by this ordinance, signs may be illuminated if such illumination complies with the regulations of this section.
	50.070-B Light trespass from any illuminated sign may not cause the light level along the right-of-way line or any property line of a lot occupied by a residential dwelling unit to exceed 0.5 foot-candles above ambient light levels. Maximum illuminati...
	50.070-C Lighting directed toward a sign shall be shielded so that it illuminates only the face of the sign and does not shine directly into a public right-of-way or onto abutting property.

	Section 50.080  Nonconforming Signs
	50.080-A A nonconforming sign is a sign that was lawfully established in accordance with all regulations in effect at the time of its establishment but that is no longer allowed by the sign regulations currently in effect.
	50.080-B Subject to the remaining restrictions of this section, nonconforming signs may be continued.
	50.080-C No person may engage in any activity that causes an increase in the extent of nonconformity of a nonconforming sign. Without limiting the generality of the foregoing, no nonconforming sign may be enlarged or altered in such a manner as to agg...
	50.080-D A nonconforming sign may not be moved or replaced except to bring the sign into complete conformity with this ordinance.
	50.080-E If a nonconforming sign is destroyed, it may not thereafter be repaired, reconstructed, or replaced except in conformity with all the provisions of this ordinance, and the remnants of the former sign structure must be cleared from the land. F...
	50.080-F The message of a nonconforming sign may be changed so long as this does not create any new nonconformities (for example, by creating an off-premises sign under circumstances where such a sign would not be allowed).
	50.080-G Subject to the other provisions of this section, nonconforming signs may be repaired and renovated so long as the cost of such work does not exceed within any 12-month period 50% of the value listed for tax purposes of the subject sign.
	50.080-H If a nonconforming sign other than an off-premise sign advertises a business, service, commodity, accommodation, attraction or other enterprise or activity that is no longer operating or being offered or conducted, that sign is considered aba...
	50.080-I If a nonconforming off-premise sign remains blank for a continuous period of 12 months, that off-premise sign is deemed abandoned and must, within 30 days after such abandonment, be altered to comply with this article or be removed by the sig...
	1. It advertises a business, service, commodity, accommodation, attraction, or other enterprise or activity that is no longer operating or being offered or conducted; or
	2. The advertising message it displays becomes illegible in whole or substantial part; or
	3. The advertising copy paid for by a party other than the sign owner or promoting an interest other than the rental of the sign has been removed.


	Section 50.090 Administration
	50.090-A Except for signs expressly exempt from permit requirements no sign may be constructed, erected, moved, enlarged, illuminated, or substantially altered except in accordance with a sign permit.
	50.090-B Any person proposing to erect any sign requiring a sign permit must submit a sign permit application to the administrator. Application for such permit must be accompanied by detailed plans, including scaled drawings of the proposed sign, a de...
	50.090-C Sign permit fees must be paid prior to the issuance of a sign permit.
	50.090-D If the work associated with a sign permit has not been completed within one year of the date of the issuance of the permit, such permit will lapse and become null and void.

	Section 50.100 Maintenance
	50.100-A All signs and all sign components, including supports, braces, and anchors, must be kept in a state of good repair.
	50.100-B If the message portion of a sign is removed, leaving only the supporting "shell" of a sign or the supporting braces, anchors, or similar components, the owner of the sign or the owner of the property where the sign is located or other person ...
	50.100-C No person may, for the purpose of increasing or enhancing the visibility of any sign, damage, trim, destroy, or remove any trees, shrubs, or other vegetation located:
	1. Within the right-of-way of any public street, unless the work is done pursuant to the express written authorization of the North Carolina Department of Transportation;
	2. On property that is not under the ownership or control of the person doing or responsible for such work, unless the work is done pursuant to the express authorization of the person owning the property where such trees or shrubs are located;
	3. In any area where such trees are required to remain under a permit issued under this ordinance.


	Section 50.110 Rules of Measurement
	50.110-A Sign Area
	1. Signs Enclosed in Frames or Cabinets
	2. Channel (individual) Letter Signs
	a. The area of a sign comprised of individual letters or elements attached to a building wall is determined by calculating the area of the smallest geometric figure (e.g., square, rectangle, circle, polygon, etc.) that can be drawn around the letters ...
	b.  Signs consisting of individual letters and/or elements are measured as one sign when the distance between the letters and/or elements is less than the largest dimension of the largest sign letter (see Figure 50-3).

	3. Multi-Sided Signs

	50.110-B Sign Height
	50.110-C Setback, Spacing and Separation Distances
	50.110-D Illumination
	50.110-E Building Frontage
	1. For buildings occupied by a single tenant or multiple tenants that access the building via a common entrance, building frontage is the exterior building wall (or walls) that: (1) is adjacent to a street or a parking area or other vehicle circulatio...
	2. On buildings housing more than one tenant where each tenant has their own outside entrance, a tenant’s building frontage is the exterior building wall (or walls) that directly abut the tenant’s interior floor space and that: (1) abuts, parallels, o...
	3. Regardless of the height, number of stories, or number of tenants in a building, building frontage will be determined by one measurement of the horizontal length of the wall at finished grade. Buildings walls must be measured along a flat, unbroken...
	4. As an alternative to the allocation of permitted sign area on the basis of individual building frontages, a differing allotment of sign area may be assigned to the various tenants upon receipt and approval by the administrator of written authorizat...
	5. In no instance may the total combined sign area for all signs exceed the maximum allowed sign area for the individual building frontages.

	50.110-F Wall Area
	50.110-G Window Area


	Article 55 | Landscaping, Screening and Lighting
	Section 55.010 Purposes
	55.010-A Landscaping and Screening
	1. Enhance quality of life for county residents and visitors;
	2. Protect property values;
	3. Enhance the quality and appearance of new development and redevelopment projects;
	4. Mitigate possible adverse impacts of higher intensity land uses abutting lower intensity land uses;
	5. Promote the preservation, expansion, protection and proper maintenance of existing trees and landscaping
	6. Help ensure wise use of water resources;
	7. Improve air quality;
	8. Protect water quality and reduce the negative impacts of stormwater runoff by reducing impervious surface area and providing vegetated areas that filter and retain greater amounts of stormwater on site;
	9. Moderate heat by providing shade; and
	10. Reduce the impacts of noise and glare.

	55.010-B Lighting

	Section 55.020 Applicability
	55.020-A Landscaping and Screening
	55.020-B Lighting

	Section 55.030 Tree Removal and Replacement
	55.030-A Applicability
	1. Required zoning district setbacks;
	2. Existing and proposed street rights-of-way and easements;
	3. Utility easements.

	55.030-B Inventory
	55.030-C Requirements
	1. The removal of trees with a DBH of 12 inches or greater must be mitigated by providing one or more replacement trees with a total combined DBH equal to at least 125% of the total DBH of trees that are removed. The permit-issuing authority is author...
	2. Property owners are responsible for ensuring that all existing trees shown on approved plans as being retained to meet the requirements of this article are protected during the construction process from removal, destruction, or injury. Before any e...


	Section 55.040 Street Frontage Landscaping
	55.040-A Applicability
	1. When new development occurs; or
	2. When the gross floor area, number dwelling units or area of impervious surface on an existing development site is expanded by more than 15%.

	55.040-B Requirements
	55.040-C Materials, Design and Maintenance

	Section 55.050 Perimeter Parking Lot Landscaping
	55.050-A Applicability
	1. When any new parking lot is constructed that contains 10 or more parking spaces or more than 3,500 square feet of paved area; and
	2. When any existing parking lot is expanded to create 10 or more new parking spaces or more than 3,500 square feet of additional paved area.

	55.050-B Requirements
	55.050-C Materials, Design and Maintenance

	Section 55.060 Interior Parking lot Landscaping
	55.060-A Applicability
	1. When any new parking lot is constructed that contains 10 or more parking spaces or more than 3,500 square feet of paved area; and
	2. When any existing parking lot is expanded to create 10 or more new parking spaces or more than 3,500 square feet of additional paved area, in which case the interior parking lot landscaping requirements of this section apply only to the expanded area.

	55.060-B Requirements
	1. Interior parking lot landscaping must be provided in the form of at least one shade tree and 4 shrubs per 10 parking spaces.
	2. Required interior parking lot landscaping must be provided in landscape islands.
	3. Landscape islands must have an area of at least 150 square feet and be at least 8 feet in width. Combining landscape islands to form larger interior landscape areas is allowed.
	4. Trees and landscape material located outside the perimeter of the parking lot may not be counted toward satisfying interior parking lot landscaping requirements. Trees and landscape material within the corners of the parking lot may be counted.
	5. Landscape islands must be dispersed so that the distance between islands is no greater than 1o parking spaces, but if landscape islands are combined to form depressed bioretention areas used for landscaping and stormwater management, the maximum al...

	55.060-C Materials, Design and Maintenance

	Section 55.070 Land Use Buffers
	55.070-A Purpose
	1. Screen lower density and intensity uses from higher density or intensity uses and reduce adverse visual effects and the impacts of noise, dust and odor; and
	2. Tailor land use buffer requirements to suit the varying intensities of use.

	55.070-B Applicability
	1. When new development occurs; and
	2. When an existing development is expanded by more than 15% in terms of gross floor area, number of dwelling units or paved area.

	55.070-C Location of Land Use Buffers
	1. Along the perimeter of the developing lot that abuts the protected zoning district; or
	2. In instances where the area represented by a site plan is significantly less than the total area of the lot, the permit-issuing authority is authorized to permit the screening required between the proposed use and protected district to be located i...

	55.070-D Land Use Buffer Table

	Section 55.080 Equipment Screening
	55.080-A Purpose
	55.080-B Dumpsters
	55.080-C Mechanical Equipment
	1. Ground-mounted Equipment
	2. Roof-mounted Equipment
	a. A parapet along facades facing the R district that is as least as tall as the tallest part of the equipment;
	b. A screening structure around the equipment that is as least as tall as the tallest part of the equipment; or
	c. The equipment must be set back from roof edges facing the R district 3 feet for each one foot of equipment height.



	Section 55.090 Types of Screening
	55.090-A Preservation of Existing Trees
	55.090-B S1, Low-profile Screen
	1. Purpose
	2. Design

	55.090-C S2, High-profile Screen
	1. Purpose
	2. Design

	55.090-D F1, Screening Fence or Wall
	1. Purpose
	2. Design


	Section 55.100 Materials, Maintenance and Design
	55.100-A Existing Trees and Vegetation
	55.100-B Plant Selection and Installation
	1. Trees and plants selected for required landscape areas must be well-suited to the climate and on-site soil conditions. Tree and plant species used to satisfy the minimum requirements of this article must be rated for survival in USDA Plant Hardines...
	2. Trees and plant material must comply with the specifications found in American Standards for Nursery Stock (ANSI Z60.1).
	3. All required landscaping must be installed in conformance with the practices and procedures established by the most recent edition of the American Standard for Nursery Stock (ANSI Z60.1) as published by the American Association of Nurserymen.
	4. Required landscaping must be installed in accordance with the landscape plan approved pursuant to Section 55.110.
	5. All landscaped areas adjacent to parking, driveways are adjacent to pavement shall be protected with curbs or equivalent barriers.
	6. Trees and landscaping must be located and maintained so as not to interfere with utilities, street lighting and traffic control devices.

	55.100-C Maintenance and Protection
	1. The property owner is responsible for the maintenance and protection of all required landscaping and screening, in accordance with American Standard for Nursery Stock (ANSI Z60.1) as published by the American Association of Nurserymen
	2. Failure to maintain landscaping is a violation of this ordinance.

	55.100-D Tree and Plant Species
	55.100-E Trees
	1. Ornamental and understory tree species planted to satisfy the tree planting requirements of this article must have a2-inch minimum caliper size and a minimum height of 6 feet at the time of planting.
	2. Conifers or evergreen tree species planted to satisfy the tree planting requirements of this article must have a minimum height of 6 feet at the time of planting.
	3. Canopy tree species planted to satisfy the tree planting requirements of this article must have a2.5-inch minimum caliper size and a minimum height of 8 feet at the time of planting.

	55.100-F Shrubs, Ornamental Grasses and Perennials
	55.100-G Ground Cover
	55.100-H Artificial Plants

	Section 55.110 Landscape Plans
	Section 55.120 Alternative Compliance Landscape and Screening Plans
	55.120-A The site has space limitations or an unusual shape that makes strict compliance impossible or impractical;
	55.120-B Conditions on or adjacent to the site such as topography, soils, vegetation or existing structures or utilities are such that strict compliance is impossible, impractical or of no value in terms of advancing the general purposes of this chapter;
	55.120-C Safety considerations such as intersection visibility, utility locations, etc., make alternative compliance necessary; or
	55.120-D Creative, alternative landscape plans will provide an equal or better means of meeting the intent of the landscaping and screening regulations of this article.

	Section 55.130 Outdoor Lighting
	55.130-A Applicability and Exemptions
	1. Outdoor lighting on lots occupied by residential buildings containing fewer than 4 dwelling units;
	2. Street lights on public or private streets;
	3. Airport runway and aviation safety lights required by the FAA (e.g., warning lights on radio, communication and navigation towers);
	4. Lighting of official government flags;
	5. Outdoor lighting used for emergency equipment and work conducted in the interest of law enforcement or for public health, safety or welfare;
	6. Pedestrian-oriented lighting mounted no more than 5 feet above grade;
	7. Outdoor lighting used for a temporary event lasting no more than 10 days; and
	8. Temporary holiday light displays.

	55.130-B General Standards
	1. Safety
	2. Canopy-Mounted Lights
	3. Shielding
	4. Spillover Light

	55.130-C Lighting Plans
	1. General
	a. Submit a lighting plan that complies with the fixture height lighting plan requirements of §55.130-C2; or
	b. Submit a photometric plan demonstrating that compliance will be achieved using taller fixture heights, in accordance with §55.130-C3.

	2. Option 1: Fixture Height Standard Lighting Plan
	a. Information Required
	(1) A scale drawing of the site with all outdoor lighting locations shown;
	(2) Fixture specifications, including catalog cut-sheets or generic standards;
	(3) Pole type and height of fixture;
	(4) Lamp type and size;
	(5) Fixture mounting and orientation; and
	(6) A statement signed by the property owner indicating that the proposed lighting complies with the provisions of this ordinance, including the provisions of §55.130-B. The statement must include the owner’s acknowledgement that outdoor lighting foun...

	b. Maximum Fixture Heights
	(1) Maximum allowed light fixture heights are based on the (ground-level) horizontal distance between the light pole and any residential zoning district or public right-of-way, as established in Table 55-2:
	(2) Allowable heights of light fixtures must be measured from the light-emitting surface to finished grade at the base of the pole.

	c. Shielding and Orientation

	3. Option 2: Photometric Study
	a. A scale drawing of the site with all outdoor lighting locations shown;
	b. Fixture specifications, including catalog cut-sheets or generic standards;
	c. Lamp type and size;
	d. Fixture mounting heights, mounting orientation, and tilt angles if applicable; and
	e. A representative point-by-point illumination array for the site showing property lines and all off-site lighting impacts.


	55.130-D Measurement of Illumination


	Article 60 | Development Standards
	Section 60.010 Purpose and Intent
	60.010-A Protect the public health, safety and welfare;
	60.010-B Promote the orderly growth and development of the county; and
	60.010-C Ensure the timely and coordinated provision of required transportation improvements, utilities and other public facilities and services to new subdivisions and developments.

	Section 60.020 Infrastructure and Improvements Required
	60.020-A Developers are responsible for the construction and installation of the following infrastructure and improvements, in accordance with the standards of this UDO.
	1. Survey monuments;
	2. Streets within the development and improvements to existing streets that border the development;
	3. Sidewalks;
	4. Water supply and wastewater systems;
	5. Grading, surface drainage and erosion control measures;
	6. Stormwater management improvements;
	7. Utilities; and
	8. Any other on- or off-site infrastructure or improvements required by this ordinance or required at the time of plan or plat approval.

	60.020-B If a developer files a final plat for only a portion of the subdivision for which a preliminary plan was approved, the improvements required to be constructed, installed, and maintained in accordance with that final plat are those improvement...
	60.020-C All improvements must be designed and installed so as to provide for a logical inter-connected system of infrastructure and to create continuity of improvements for the development of adjacent properties.
	60.020-D Upon installation and construction of all required infrastructure and improvements, the developer may seek acceptance of improvements to be dedicated to the public by submitting the required number of as-built (record) plans. In addition, the...
	60.020-E The developer is responsible for maintenance of all required infrastructure and improvements, including rights-of-way, to the standards of this ordinance until such time as a unit of government, public or private utility, property owners asso...

	Section 60.030 Performance Guarantees and Security
	60.030-A Purpose
	60.030-B Term
	60.030-C Form and Amount of Security
	1. Security must be in the form of an irrevocable letter of credit, cash or other instrument readily convertible to cash. The performance guarantee and security must be conditioned upon the performance of all work necessary to complete the required in...
	2. The amount of the performance guarantee must equal at least 125% of the estimated total cost of the required infrastructure and improvements.
	3. The estimated total cost of required infrastructure and improvements must be itemized by improvement type and certified by the developer’s registered professional engineer. In the case of minor subdivisions, the applicant’s registered professional ...

	60.030-D Draws Against Security
	60.030-E Release of Performance Guarantee
	1. Once the conditions of the performance guarantee have been completed to the satisfaction of the appropriate agencies and any required maintenance guarantee has been provided in accordance with Section 60.040, the security must be released.
	2. No financial guarantee may be released until all required certifications of completion have been provided.
	3. Once all required infrastructure and improvements within the development or an approved phase of the development have been certified to be at least 50% complete, the security may be reduced by the ratio that the completed improvements bear to the t...


	Section 60.040 Maintenance Guarantees and Security
	60.040-A Purpose
	60.040-B Timing
	60.040-C Agreement
	60.040-D Form and Amount of Security
	60.040-E Term

	Section 60.050 Property Owners Associations
	60.050-A Establishment
	60.050-B Documentation
	1. Documents providing for the establishment of a property owners association must be submitted to the administrator before approval and recordation of the final plat.
	2. The county’s review is limited to ensuring that the property owners association has clear legal authority to maintain and exercise control over the common areas and facilities, including the power to compel contributions from residents and property...


	Section 60.060 Survey Monuments and Markers
	Section 60.070 Lots and Access
	60.070-A Lots
	1. The size, shape and orientation of lots must comply with applicable zoning district standards and be appropriate for the location, topography and physical features present and for the type of development and use contemplated.
	2. Minimum lot dimensions, building setback lines and lot areas must conform to applicable zoning district requirements.

	60.070-B Access to Lots
	60.070-C Access to Major Streets or Highways
	1. When a tract of land to be subdivided or developed abuts a freeway, expressway or boulevard street, the county or NCDOT may require that the developer take one or more of the following actions:
	a. Provide a frontage road parallel to the major street or highway;
	b. Utilize reverse frontage and take access to an interior street for the lots abutting the major street or highway;
	c. Limit the number of driveways accessing the major street or highway; and
	d. Establish deed restrictions or other legally enforceable means of preventing private driveway access to the major street or highway.

	2. Whenever a tract proposed for subdivision borders on or contains an existing or proposed boulevard, then all lots created out of such tract must have sufficient frontage on another (non-boulevard) street (either pre-existing or created as part of t...
	3. Traffic service and land access are necessary but conflicting functions of a highway system. Although boulevard streets provide both traffic service and limited access, access is a secondary function that must be controlled to avoid jeopardizing th...
	a. The term "access control," as used in this subsection, refers to all techniques intended to minimize the traffic interference associated with driveway access.
	b. To separate basic conflict areas and gain some semblance of access control, techniques that will allow the reduction of driveway numbers or directly increase the spacing between driveways or between driveways and intersections will be required to t...
	c. Where highway speed is 55 mph, driveway spacing must be at 300-foot intervals or greater. Where highway speed is 45 mph, spacing must be at 230-foot intervals or greater.
	d. Adjacent or adjoining lots with small highway frontages may be required to share access along one driveway.
	e. Whenever separate or single parcels are assembled under one purpose, plan, entity, or usage, consolidation of existing direct access is required to the extent feasible. Approval depends on the developers' plans to use existing driveways, close othe...
	f. Decision-making bodies are authorized to approve deviations from the access control standards of this subsection when the technical feasibility (the geometric design and operational requirements for implementation) does not compromise the "access c...


	60.070-D Flag Lots
	1. The creation of flag lots is prohibited, except that flag lots may be approved when the authorized decision-making authority determines that a flag lot is necessary to address one or more of the following circumstances:
	a. To avoid direct access onto boulevard or thoroughfare streets;
	b. When a property owner demonstrates that, because of the irregular shape of a tract or its difficult topography or for some other substantial reason, the creation of a flag lot is reasonably necessary to avoid extreme hardship to the property owner ...
	c. When a flag lot would provide greater protection of natural resources areas (e.g., streams); or
	d. To help hide or conceal utility buildings/substations, or radio, television or telecommunication towers.

	2. Under no circumstances may a flag lot be created if the effect is to increase the number of access points onto a boulevard or thoroughfare street.
	3. A flag lot may be used only for a detached house (including any uninhabited accessory structures); a utility; or a radio, television, or telecommunication tower (when permitted by zoning).
	4. The flagpole section of the flag lot may not exceed 200 feet in length.
	5. The flagpole section of the lot must have a minimum width of at least 20 feet for its entire length.
	6. Use of a single driveway to serve abutting flag lots or to serve a flag lot and an abutting conventional lot is permitted and encouraged. In the latter case, the preferred location for the driveway is on the flagpole portion of the flag lot, with t...


	Section 60.080 Driveways and Entrances
	60.080-A All driveway entrances and other openings onto streets must be constructed so that:
	1. Vehicles can enter and exit from the lot in question without posing any substantial danger to motorized or non-motorized traffic; and
	2. Interference with the free and convenient flow of traffic on abutting or surrounding streets is minimized.

	60.080-B Driveway entrances and other openings onto streets that are constructed in accordance with NCDOT’s Policy on Street and Driveway Access to North Carolina Highways are deemed to be prima facie evidence of compliance with the standard set forth...
	60.080-C For purposes of this section, the term "prima facie evidence" means that the permit-issuing authority may (but is not required to) conclude from the specific evidence alone that the proposed development complies with §60.080-A.
	60.080-D As provided in Section 60.160, developers may be required to submit a traffic impact analysis.

	Section 60.090 Blocks
	60.090-A The length, width and shape of blocks must be suited for the planned use of the land, and need for convenient access, control and safety of street traffic and the limitations and opportunities relating to the terrain and natural environment.
	60.090-B Blocks may not exceed 660 feet in length in residential subdivisions with a gross density of 4 or more dwelling units per acre. In nonresidential subdivisions and lower density residential subdivisions blocks may not exceed 1,320 feet in leng...
	60.090-C Blocks must have a width that accommodates 2 rows of lots, except when reverse frontage along major streets is provided or where prevented by topographic conditions or size of the property or location next to a boulevard.

	Section 60.100 Private Drives
	60.100-A When Allowed
	60.100-B Standards
	1. All private drives created after the effective date specified in §65.010-C must be provided within a perpetual access easement that must be officially recorded with the register of deeds.
	2. Access easements for private drives must be at least 20 feet in width and be the subject of a binding maintenance agreement among all current and future owners of lots that take access to the private drive. The maintenance agreement must be approve...


	Section 60.110 Public and Private Streets and Sidewalks
	60.110-A General; Applicability
	60.110-B Design
	1. Create an integrated system of lots, streets, and infrastructure that provides for efficient movement motor vehicles and non-motorized modes of transportation, both within the development and to and from adjacent developments;
	2. Provide for the efficient movement of through traffic by providing an interconnected network of streets in order to avoid isolation of development areas and over-reliance on major roads; and
	3. Be uncomplicated, so that emergency services, public services, and visitors can find their way to their intended destinations.

	60.110-C Street Rights-of-Way
	1. Streets must have a right-of-way width that complies with the transportation plan and that will safely accommodate motorized and non-motorized transportation improvements, street cross-sections and roadway drainage facilities.
	2. When a proposed development has frontage on an existing public street, right-of-way must be dedicated and improved to meet the requirements of this ordinance. For existing streets on which a proposed development has frontage, the applicant must:
	a. Dedicate at least 50% of the required right-of-way width; and
	b. Install any required sidewalks.

	3. Right-of-way dedication and sidewalk installation must extend for the full length of street frontage of the property under development and must conform to the standards of this ordinance.
	4. Utilities installed in public rights-of-way or along private streets must comply with the requirements of Section 60.190 and Union County public works requirements.
	5. Half streets (i.e., streets of less than the full required right-of-way and pavement width) are prohibited except when such streets, when combined with a similar street (developed previously or simultaneously) on property adjacent to the subdivisio...

	60.110-D Street Standards
	1. Unless otherwise expressly stated in this ordinance, all public and private streets must be constructed in accordance with standards established by the North Carolina Department of Transportation (NCDOT) Division of Highways, including all standard...
	2. All new streets must have 10 inches of ABC or 5 inches of B25.0C (Asphalt Concrete Base Course) and 2 lifts of S9.5B (Asphalt Concrete Surface Course) with a minimum depth of 1.5 inches for each lift. The first 1.5-inch lift of S9.5B must be placed...
	3. When private streets are proposed, the developer will be solely responsible for payment of all engineering, construction and other costs related to installation of the private streets. The county will coordinate street plan review and construction ...

	60.110-E Coordination with Surrounding Streets
	1. The street connection and coordination standards of this section apply to all residential subdivisions containing more than 50 lots.
	2. A coordinated, interconnected street network is important to:
	a. Provide safe, convenient, and efficient means of access to lots;
	b. Promote orderly development patterns;
	c. Facilitate the effective and efficient provision of emergency and public services; and
	d. Avoid degradation of the traffic carrying capacity on the major street network.

	3. The street system within a development must be coordinated with existing, proposed and anticipated streets outside the development or outside the portion of a single tract that is being divided into lot.
	4. Boulevard and thoroughfare streets must intersect with surrounding boulevard and thoroughfare streets at safe and convenient locations.
	5. Public streets in new developments must connect with public streets in adjacent developments and provide for future extension of streets into adjacent areas that are likely to be developed in the future. Public street connection requirement waivers...
	6. Whenever connections to anticipated or proposed surrounding streets are required by this section, the street right-of-way must be extended and the street developed to the property line of the property being developed (or to the edge of the remainin...
	7. Temporary turnarounds must comply with NCDOT standards.
	8. The developer must post a sign at the terminus of all temporary stub streets indicating that the stub street will be opened to through traffic when the adjacent property is developed. The sign must state “FUTURE THROUGH STREET. TO BE CONNECTED WHEN...

	60.110-F Cul-de-Sacs
	1. Cul-de-sacs streets may not exceed 1,320 feet in length or provide sole access to more than 20 dwelling units. The length of a cul-de-sac street is measured from the center point of its turnaround, along the centerline of its right-of-way to the ne...
	2. Turnarounds at the end of cul-de-sac streets must be constructed in accordance with NCDOT standards.
	3. If a cul-de-sac is longer than 800 feet, the county is authorized to require the provision of a pedestrian access easement to provide safe and convenient pedestrian access between the terminus of the cul-de-sac and any adjacent areas. Such pedestri...

	60.110-G Sidewalk, Curb and Gutter Requirements
	1. Street rights-of-way are designed and developed to serve several functions: (i) to carry motor vehicle traffic, and in some cases, allow on-street parking; (ii) to provide a safe and convenient passageway for pedestrian traffic; and (iii) to serve ...
	2. Local streets must be constructed with curb and gutter in all zoning districts, unless (i) the local street is located within a residential district and (ii) all lots in the residential subdivision within which the local street is located have a lo...
	3. Thoroughfare streets must be constructed with curb and gutter in all zoning districts, unless (i) the thoroughfare street is located within a residential district and (ii) all lots in the residential subdivision within which the thoroughfare street...
	4. The maximum grade at any point on a street constructed without curb and gutter is 8%.
	5. Boulevard and thoroughfare streets must be consistent with the transportation plan and be constructed in accordance with the standards established by NCDOT.
	6. The sidewalks required by this section must be at least 5 feet in width and constructed in accordance with NCDOT standards, except that the permit-issuing authority is authorized to allow the installation of walkways constructed with other suitable...
	a. Such walkways would serve the residents of the development as adequately as concrete sidewalks; and
	b. Such walkways would be more environmentally desirable or more in keeping with the overall design of the development.

	7. Whenever the permit-issuing authority finds that a means of pedestrian access is necessary from a subdivided development to schools, parks, playgrounds, or other streets or facilities and that such access is not conveniently provided by sidewalks a...
	8. As provided in NCGS 136-ff.14, whenever curb and gutter construction is used on streets, wheelchair ramps must be provided at intersections and other major points of pedestrian flow. Wheelchair ramps and similar accessibility features must be const...

	60.110-H Street Intersections
	1. Streets must intersect as nearly as possible at right angles, and no 2 streets may intersect at less than 60 degrees. No more than 2 streets may intersect at any one point, unless the N. C. Division of Highways certifies to the permit-issuing autho...
	2. Whenever possible, proposed intersections along one side of a street must coincide with existing or proposed intersections on the opposite side of such street. In any event, when a centerline offset (jog) occurs at an intersection, the distance bet...
	3. Except when no other alternative is practicable or legally possible, no 2 streets may intersect with any boulevard street on the same side at a distance of less than 1,000 feet measured from centerline to centerline of the intersecting streets. Alo...


	Section 60.120 Disclosures for Private Drives and Private Streets
	60.120-A No final plat that shows lots served by private streets or private drives may be recorded unless the final plat contains the following notation: “Further subdivision of any lot shown on this plat as served by a private street or private drive...
	60.120-B The recorded plat of any subdivision that includes a private street or private drive must clearly state that such drive or street is privately owned and maintained. Further, the initial purchaser of a newly created lot served by a private dri...

	Section 60.130 Street and Sidewalk Requirements in Unsubdivided Developments
	60.130-A Within un-subdivided developments, all private streets and access ways must be designed and constructed to facilitate the safe and convenient movement of motorized and non-motorized travel.
	60.130-B Whenever a private street in an un-subdivided development connects 2 or more boulevard or thoroughfare streets in such a manner that any substantial volume of through traffic is likely to make use of the private street, the private street be ...
	60.130-C In all un-subdivided residential developments, sidewalks must be provided linking dwelling units with other dwelling units, the public street, and on-site activity centers such as parking areas, laundry facilities, and recreational areas and ...
	60.130-D Whenever the permit-issuing authority finds that a means of pedestrian access is necessary from an un-subdivided development to schools, parks, playgrounds, or other streets or facilities and that such access is not conveniently provided by s...
	60.130-E The sidewalks required by this section must be at least 5 feet in width and constructed in accordance with NCDOT standards and the North Carolina State Building Code, except that the permit-issuing authority may permit the installation of wal...
	1. Such walkways would serve the residents of the development as adequately as concrete sidewalks; and
	2. Such walkways could be more environmentally desirable or more in keeping with the overall design of the development.


	Section 60.140 Street Names and Street Name Signs
	60.140-A Street names may not duplicate or be phonetically similar to existing street names within the county regardless of the use of different suffixes. Proposed streets that are a continuation of an existing street must be given the same name as th...
	60.140-B Appropriate street name signs that meet county specifications must be placed at all intersections by and at the expense of the developer.

	Section 60.150 Vehicular Bridges
	Section 60.160 Traffic Impact Analyses (TIA)
	60.160-A Purpose
	60.160-B Applicability
	1. A TIA is required for any proposed development that meets any of the following thresholds:
	a. Residential developments proposing 100 or more lots/units;
	b. New residential or nonresidential developments or expansions of existing developments that would result in average daily traffic counts of 1,000 or more vehicles per day (ADT) or 100 plus trips during peak traffic hour (PHT). This traffic count mus...
	c. New schools with an enrollment of more than 150 students.

	2. A TIA is not required if the property to be developed has been the subject of a TIA within the previous 3 years and the projected trip generation of the newly proposed development is equal to or less than the previous TIA performed and the trip dis...
	3. For sites of special traffic concern (such as those found along blind curves, streets that exceed their design capacity, when driveways will be in close proximity to an existing traffic signal, etc.), the administrator or NCDOT may require a techni...

	60.160-C Preparation
	60.160-D Timing of TIA Submittal
	1. When required, a TIA must be submitted before issuance of any development permits and before preliminary subdivision plat approval.
	2. Before preparing the TIA, the developer must hold a scoping meeting with the administrator and NCDOT to identify the area and needs that must be addressed in the analysis.

	60.160-E TIA Considerations
	1. The TIA must consider the future impact of other proposed land uses in the study area not yet developed, but which may have a statutory or common law vested right as defined in NCGS 153A-344.1.
	2. The TIA must consider the future impact of nearby proposed/planned NCDOT roadway improvement projects.
	3. The TIA must consider the future impact of any officially-adopted transportation plans in the study area.

	60.160-F TIA Improvement Requirements
	1. The TIA must provide the following information in an effort to identify the improvements necessary to maintain LOS-D (at build-out) for streets and intersections as defined in the Highway Capacity Manual:
	a. Capacity analysis,
	b. Detailed description of the proposed development,
	c. Number of access points proposed,
	d. Future Level of Service (LOS) for studied intersections and street segments including the LOS at the time of build-out,
	e. Proposed AM and PM Peak Hour Trips, based on the latest edition of the ITE Trip Generation Manual,
	f. Average Daily Trips created by the development at build-out , based on the latest edition of the ITE Trip Generation Manual, and
	g. Any recommended transportation-related improvements

	2. Required improvements may include the following:
	a. Left Turn Lane, Right Turn Lane, and/or Right Turn Taper
	b. Additional Right-of-Way
	c. Off-site Improvements
	(1) If a street segment or intersection is currently performing at LOS D or better and is projected to perform at LOS E or F at the time of build-out, the TIA must demonstrate how LOS D could be maintained and also specify what improvements would be r...
	(2) If a street segment or intersection is currently performing at LOS E or F and is projected to continue to perform at LOS E or F at the time of build-out, the TIA must demonstrate how LOS D could be achieved and also specify the types and costs of ...
	(3) Identified deficiencies in existing or projected levels of service do not automatically preclude approval of the proposed development. The county may, however, require that the developer participate in providing off-site improvements that will pre...

	d. Safety Improvements

	3. A TIA may not be used as a basis for the county to require property owners or developers to make transportation improvements not affected by the property for which the TIA is submitted.

	60.160-G Installation of Improvements

	Section 60.170 Drainage and Stormwater Management
	60.170-A Natural Drainage Systems
	1. All development must conform to the natural contours of the land and natural and pre-existing human-made drainage ways must remain undisturbed, except as otherwise expressly approved by the county.
	2. Lot boundaries must be made to coincide with natural and pre-existing human-made drainage ways to avoid the creation of lots that can be built upon only by altering such drainage ways, except as otherwise expressly approved by the county.

	60.170-B General Drainage Standards
	1. All developments must be provided with a drainage system that is adequate to prevent the undue retention of surface water on the development site. Surface water will not be regarded as unduly retained if:
	a. The retention results from a technique, practice or device deliberately installed as part of an approved sedimentation or stormwater management plan; or
	b. The retention is not substantially different in location or volume than that experienced by the development site in its pre-development stage, unless such retention presents a danger to health or safety.

	2. No surface water may be channeled or directed into a sanitary sewer.
	3. Whenever practicable, the drainage system of a development must coordinate with and connect to the drainage systems or drainage ways on surrounding properties or street.
	4. Use of drainage swales rather than curb and gutter and storm sewers in subdivisions is provided for in§60.110-G. Private streets and access-ways within un-subdivided developments must utilize curb and gutter and storm drains to provide adequate dra...
	5. Drainage swales, curbs and gutters, and storm drains must be designed and constructed in accordance with NCDOT standards.
	6. No fences or structures may be constructed across an open drainageway that will reduce or restrict the flow of water.
	7. The administrator is authorized to require that any water course or stormwater management facility be located within a dedicated drainage easement that provides sufficient width for maintenance and that is officially recorded with the register of d...

	60.170-C Stormwater Management
	1. No development may be constructed or maintained so that such development impedes the natural flow of water from higher adjacent properties.
	2. No development may be constructed or maintained so that the natural flow of surface waters from such development are discharged in another location or  increased in volume over predevelopment conditions.
	3. Post-development stormwater discharge rates at the property boundary of an approved cluster development may not exceed the pre-development rate for the 2- and 25-year storm events. This regulations does not apply if discharging directly into a FEMA...

	60.170-D Site Grading
	1. Positive Drainage Required
	2. Drainage Plans to Account for all Development
	3. Protection from Sedimentation
	4. Increased Runoff Prohibited
	5. Landscaping


	Section 60.180 Sedimentation and Erosion Control
	60.180-A No development may be approved that would cause land-disturbing activity requiring prior submission of an erosion and sedimentation control plan to the North Carolina Department of Environment and Natural Resources (NCDENR) unless NCDENR cert...
	1. An erosion control plan has been submitted to and approved by NCDENR; or that
	2. NCDENR has examined the preliminary plans for the development and it reasonably appears that an erosion control plan can be approved upon submission by the developer of more detailed construction or design drawings. However, in this case, construct...

	60.180-B For purposes of administering and interpreting the sedimentation and erosion control provisions of t this section, "land-disturbing activity" means any use of the land by any person in residential, industrial, educational, institutional or co...

	Section 60.190 Utilities
	60.190-A Utility Ownership and Easement Rights
	60.190-B Connection to Public Water and Public Sewer
	1. Whenever it is legally possible and practicable in terms of topography and service capacity to connect a lot with a public water or public sewer line by running a connecting line not more than the distance set forth in Table 60-1 from the lot to su...
	2. If the subject tract is proposed to be developed with the number of dwelling units indicated in the left hand column or with a nonresidential use that places a equivalent demand on the water or sewer system, then the distance within which the tract...
	3. In determining the number of dwelling units proposed for a tract, the relevant inquiry relates to the number proposed for the entire tract rather than a single phase of the proposed project.
	4. Connection to a public water or public sewer line is not legally possible if, in order to make connection with such line by a connecting line that does not exceed the distance set forth in Table 60-1, it is necessary to run the connecting line over...
	5. For purposes of this article, a lot is "served" by a public water or public sewer line if connection is required by this section.

	60.190-C Sewage Disposal Facilities Required
	1. Every principal use and every lot within a subdivision must be served by a sewage disposal facilities that are adequate to accommodate the reasonable needs of such use or subdivision lot and that the facilities comply with all applicable public hea...
	2. The governmental agency with jurisdiction over the proposed sewage disposal facilities is authorized to determine whether a proposed development will comply with the standard of §60.190-C1, and the developer must comply with the detailed standards ...

	60.190-D Water Supply System Required
	1. Every principal use and every lot within a subdivision must be served by a water supply system that is adequate to accommodate the reasonable needs of such use or subdivision lot and that the system complies with all applicable health regulations.
	2. The governmental agency with jurisdiction over the proposed water supply system has the authority to determine whether a proposed development will comply with the standard of §60.190-D1, and the developer must comply with the detailed standards and...

	60.190-E Underground Utilities
	60.190-F Utilities to be Consistent with Internal and External Development
	1. Whenever it can reasonably be anticipated that utility facilities constructed in one development will be extended to serve other adjacent or nearby developments, such utility facilities (e.g., water or sewer lines) must be located and constructed s...
	2. All utility facilities must be constructed in such a manner as to minimize interference with motorized and non-motorized traffic and to facilitate maintenance without undue damage to improvements or facilities located within the development.

	60.190-G As-Built Drawings Required
	60.190-H Fire Hydrants
	1. Every development that is served by a public water system must include a system of fire hydrants sufficient to provide adequate fire protection for the buildings located or intended to be located within such development.
	2. The presumption established by this ordinance is that to satisfy the standard set forth in §60.190-H1, fire hydrants must be located so that all parts of every building within the development may be served by a hydrant by laying not more than 500 f...



	Article 65 | Flood Damage Prevention
	Section 65.010 General
	65.010-A Statutory Authorization
	65.010-B Findings of Fact
	1. The flood prone areas within the jurisdiction of Union County are subject to periodic inundation which results in loss of life, property, health and safety hazards, disruption of commerce and governmental services, extraordinary public expenditures...
	2. These flood losses are caused by the cumulative effect of obstructions in floodplains causing increases in flood heights and velocities and by the occupancy in flood prone areas of uses vulnerable to floods or other hazards.

	65.010-C Effective Date
	65.010-D Purpose
	1. Restrict or prohibit uses that are dangerous to health, safety, and property due to water or erosion hazards or that result in damaging increases in erosion, flood heights or velocities;
	2. Require that uses vulnerable to floods, including facilities that serve such uses, be protected against flood damage at the time of initial construction;
	3. Control the alteration of natural floodplains, stream channels, and natural protective barriers, which are involved in the accommodation of floodwaters;
	4. Control filling, grading, dredging, and all other development that may increase erosion or flood damage; and
	5. Prevent or regulate the construction of flood barriers that will unnaturally divert flood waters or which may increase flood hazards to other lands.

	65.010-E Objectives
	1. Protect human life, safety, and health;
	2. Minimize expenditure of public money for costly flood control projects;
	3. Minimize the need for rescue and relief efforts associated with flooding and generally undertaken at the expense of the general public;
	4. Minimize prolonged business losses and interruptions;
	5. Minimize damage to public facilities and utilities (i.e. water and gas mains, electric, telephone, cable and sewer lines, streets, and bridges) that are located in flood prone areas;
	6. Help maintain a stable tax base by providing for the sound use and development of flood prone areas; and
	7. Ensure that potential buyers are aware that property is in a special flood hazard area.

	65.010-F Definitions
	65.010-G Applicability
	65.010-H Identification of Special Flood Hazard Areas
	1. Special flood hazard areas are those identified under the Cooperating Technical State (CTS) agreement between the State of North Carolina and FEMA in its Flood Insurance Study (FIS) and its accompanying Flood Insurance Rate Maps (FIRM), for Union C...
	2. The initial Flood Insurance Rate Maps are as follows for the jurisdictional areas at the initial date: Union County Unincorporated Area, dated July 18 1983, Town of Fairview, dated October 16, 2008, Town of Hemby Bridge, dated October 16, 2008, Tow...

	65.010-I Disclaimer

	Section 65.020 Flood Hazard Reduction Requirements
	65.020-A General Standards
	1. All new construction and substantial improvements must be designed (or modified) and adequately anchored to prevent flotation, collapse, and lateral movement of the structure.
	2. All new construction and substantial improvements must be constructed with materials and utility equipment resistant to flood damage.
	3. All new construction and substantial improvements must be constructed by methods and practices that minimize flood damages.
	4. Electrical, heating, ventilation, plumbing, air conditioning equipment, and other service facilities must be designed and/or located so as to prevent water from entering or accumulating within the components during conditions of flooding to the Reg...
	5. All new and replacement water supply systems must be designed to minimize or eliminate infiltration of floodwaters into the system.
	6. New and replacement sanitary sewage systems must be designed to minimize or eliminate infiltration of floodwaters into the systems and discharges from the systems into floodwaters.
	7. On-site waste disposal systems must be located and constructed to avoid impairment to them or contamination from them during flooding.
	8. Any alteration, repair, reconstruction, or improvements to a structure, which is in compliance with the provisions of this article, must meet the requirements for new construction, as set forth in this article.
	9. The flood damage protection regulations of this article are not intended to prevent the repair, reconstruction, or replacement of a building or structure existing on the effective date specified in §65.010-C and located totally or partially within ...
	10. New solid waste disposal facilities and sites, hazardous waste management facilities, salvage yards, and chemical storage facilities are not permitted, except by variance as specified in §65.060-H6. A structure or tank for chemical or fuel storage...
	11. All subdivision proposals and other development proposals must be consistent with the need to minimize flood damage.
	12. All subdivision proposals and other development proposals must have public utilities and facilities such as sewer, gas, electrical, and water systems located and constructed to minimize flood damage.
	13. All subdivision proposals and other development proposals must have adequate drainage provided to reduce exposure to flood hazards.
	14. All subdivision proposals and other development proposals must have received all necessary permits from those governmental agencies for which approval is required by federal or state law, including Section 404 of the Federal Water Pollution Contro...
	15. When a structure is partially located in a special flood hazard area, the entire structure must meet the requirements for new construction and substantial improvements.
	16. When a structure is located in multiple flood hazard zones or in a flood hazard risk zone with multiple base flood elevations (BFEs), the provisions for the more restrictive flood hazard risk zone and the highest BFE governs.

	65.020-B Specific Standards
	1. Residential Construction
	2. Nonresidential Construction
	3. Manufactured Homes
	a. New and replacement manufactured homes must be elevated so that the reference level of the manufactured home is no lower than the regulatory flood protection elevation.
	b. Manufactured homes must be securely anchored to an adequately anchored foundation to resist flotation, collapse, and lateral movement, either by certified engineered foundation system, or in accordance with the most current edition of the State of ...
	c. All enclosures or skirting below the lowest floor must meet the requirements of §65.020-B4.
	d. An evacuation plan must be developed for evacuation of all residents of all new, substantially improved or substantially damaged manufactured home parks or subdivisions located within flood prone areas. This plan must be filed with and approved by ...

	4. Elevated Buildings
	a. May not be designed or used for human habitation, but may only be used for parking of vehicles, building access, or limited storage of maintenance equipment used in connection with the premises. Access to the enclosed area must be the minimum neces...
	b. Must be constructed entirely of flood resistant materials at least to the regulatory flood protection elevation; and
	c. Must include, in Zones A, AE, and A1-30, flood openings to automatically equalize hydrostatic flood forces on walls by allowing for the entry and exit of floodwaters. To meet this requirement, the openings must either be certified by a registered p...
	(1) A minimum of two flood openings on different sides of each enclosed area subject to flooding;
	(2) The total net area of all flood openings must be at least one square inch for each square foot of enclosed area subject to flooding;
	(3) If a building has more than one enclosed area, each enclosed area must have flood openings to allow floodwaters to automatically enter and exit;
	(4) The bottom of all required flood openings may not be higher than one foot above the adjacent grade;
	(5) Flood openings may be equipped with screens, louvers, or other coverings or devices, provided they permit the automatic flow of floodwaters in both directions; and
	(6) Enclosures made of flexible skirting are not considered enclosures for regulatory purposes, and, therefore, do not require flood openings. Masonry or wood underpinning, regardless of structural status, is considered an enclosure and requires flood...


	5. Additions/Improvements
	a. Additions and/or improvements to pre-FIRM structures when the addition and/or improvements in combination with any interior modifications to the existing structure are:
	(1) Not a substantial improvement, the addition and/or improvements must be designed to minimize flood damages and must not be any more non-conforming than the existing structure.
	(2) A substantial improvement, both the existing structure and the addition and/or improvements must comply with the standards for new construction.

	b. Additions to post-FIRM structures with no modifications to the existing structure other than a standard door in the common wall require only the addition comply with the standards for new construction.
	c. Additions and/or improvements to post-FIRM structures when the addition and/or improvements in combination with any interior modifications to the existing structure are:
	(1) Not a substantial improvement, the addition and/or improvements only must comply with the standards for new construction.
	(2) A substantial improvement, both the existing structure and the addition and/or improvements must comply with the standards for new construction.

	d. Any combination of repair, reconstruction, rehabilitation, addition or improvement of a building or structure taking place during a 5-year period, the cumulative cost of which equals or exceeds 50% of the market value of the structure before the im...
	(1) Any project for improvement of a building required to correct existing health, sanitary or safety code violations identified by the building official and that are the minimum necessary to assume safe living conditions; or
	(2) Any alteration of a historic structure provided that the alteration will not preclude the structure’s continued designation as a historic structure.


	6. Recreational Vehicles
	a. Be on site for fewer than 180 consecutive days and be fully licensed and ready for highway use (a recreational vehicle is ready for highway use if it is on its wheels or jacking system, is attached to the site only by quick disconnect type utilitie...
	b. Meet all the requirements for new construction.

	7. Temporary Nonresidential Structures
	a. A specified time period for which the temporary use will be permitted. Time specified may not exceed 3 months, renewable up to one year;
	b. The name, address, and phone number of the individual responsible for the removal of the temporary structure;
	c. The time frame prior to the event at which a structure will be removed (i.e., minimum of 72 hours before landfall of a hurricane or immediately upon flood warning notification);
	d. A copy of the contract or other suitable instrument with the entity responsible for physical removal of the structure; and
	e. Designation, accompanied by documentation, of a location outside the special flood hazard area, to which the temporary structure will be moved.

	8. Accessory Structures
	a. Accessory structures may not be used for human habitation (including working, sleeping, living, cooking or restroom areas);
	b. Accessory structures may not be temperature-controlled;
	c. Accessory structures must be designed to have low flood damage potential;
	d. Accessory structures must be constructed and placed on the building site so as to offer the minimum resistance to the flow of floodwaters;
	e. Accessory structures must be firmly anchored in accordance with the provisions of §65.020-A1;
	f. All service facilities such as electrical must be installed in accordance with the provisions of §65.020-A4; and
	g. Flood openings to facilitate automatic equalization of hydrostatic flood forces must be provided below regulatory flood protection elevation in conformance with the provisions of §65.020-B4.c.
	h. An accessory structure with a footprint less than 150 square feet that satisfies the criteria outlined above does not require an elevation or floodproofing certificate. Elevation or floodproofing certifications are required for all other accessory ...

	9. Gas and Liquid Storage Tanks
	a. Underground tanks in flood hazard areas must be anchored to prevent flotation, collapse or lateral movement resulting from hydrodynamic and hydrostatic loads during conditions of the design flood, including the effects of buoyancy assuming the tank...
	b. Above-ground tanks in flood hazard areas must be attached to and elevated to a level at or above the design flood elevation on a supporting structure that is designed to prevent flotation, collapse or lateral movement during conditions of the desig...
	c. Above-ground tanks that do not meet the elevation requirements of §65.020-B9.b are permitted in flood hazard areas provided the tanks are anchored or otherwise designed and constructed to prevent flotation, collapse or lateral movement resulting fr...
	d. Tank inlets, fill openings, outlets and vents must be elevated to a level at or above the design flood elevation or fitted with covers designed to prevent the inflow of floodwater or outflow of the contents of the tanks during conditions of the des...

	10. Other Development
	a. Fences in regulated floodways and non-encroachment areas that have the potential to block the passage of floodwaters, such as stockade fences and wire mesh fences, must comply with §65.040-B.
	b. Retaining walls, sidewalks and driveways in regulated floodways and non-encroachment areas that involve the placement of fill must comply with §65.040-B.
	c. Roads and watercourse crossings in regulated floodways and non-encroachment areas, including roads, bridges, culverts, low-water crossings and similar means for vehicles or pedestrians to travel from one side of a watercourse to the other side, tha...



	Section 65.030 Floodplains without Established Base Flood Elevations
	65.030-A No encroachments, including fill, new construction, substantial improvements and  other developments are permitted unless:
	1. With respect to development used for farm purposes within a bona fide farm, it is demonstrated that the proposed encroachment would not result in any increase in the flood levels during the occurrence of the base flood, based on hydrologic and hydr...
	2. With respect to development other than that described in §65.030-A1 or §65.030-A3, the development is one of the following uses: agricultural activities, lawns, gardens, parks, trails, golf courses or open space and the development does not require...
	3. For essential services, a Conditional Letter of Map Revision (CLOMR) has been approved by FEMA. A Letter of Map Revision (LOMR) must also be obtained upon completion of the proposed encroachment. Development in floodplains, with or without adopted ...

	65.030-B If §Error! Reference source not found. is satisfied, all development must comply with all applicable flood hazard reduction provisions of this article.
	65.030-C The BFE used in determining the regulatory flood protection elevation must be determined based on the following criteria:
	1. When base flood elevation (BFE) data are available from other sources, all new construction and substantial improvements within such areas must also comply with all applicable provisions of this article and must be elevated or floodproofed in accor...
	2. When floodway or non-encroachment data are available from a federal, state, or other source, all new construction and substantial improvements within floodway and non-encroachment areas must also comply with the requirements of §65.020-B and 65.040-B.
	3. All subdivision, manufactured home park and other development proposals must provide base flood elevation (BFE) data if the development is greater than 5 acres or has more than 50 lots/manufactured home sites. Such BFE data must be adopted by refer...
	4. When base flood elevation (BFE) data are not available from a federal, state, or other source as outlined above, the reference level must be elevated or floodproofed (nonresidential) to or above the regulatory flood protection elevation. All other ...


	Section 65.040 Riverine Floodplains with Base Flood Elevations
	65.040-A Floodplains without Established Floodways or Non-Encroachment Areas
	1. The general and specific flood hazard reduction requirements of §65.020-A and §65.020-B; and
	2. No encroachments, including fill, new construction, substantial improvements and other developments are permitted unless:
	a. With respect to development used for farm purposes within a bona fide farm, it is demonstrated that the proposed encroachment would not result in any increase in the flood levels during the occurrence of the base flood, based on hydrologic and hydr...
	b. With respect to development other than that described in §65.040-A2.a or §65.040-A2.c, the development is one of the following uses: agricultural activities, lawns, gardens, parks, trails, golf courses or open space and the development does not req...
	c. For essential services, a Conditional Letter of Map Revision (CLOMR) has been approved by FEMA. A Letter of Map Revision (LOMR) must also be obtained upon completion of the proposed encroachment. Development in floodplains, with or without adopted ...

	3. If §65.040-A2 is satisfied, all development must comply with all applicable flood hazard reduction provisions of this article. [§65.040-A3 amended 11.03.2014]

	65.040-B Floodplains with Floodways or Non-Encroachment Areas
	1. No encroachments, including fill, new construction, substantial improvements and other developments are permitted unless:
	a. With respect to development used for farm purposes within a bona fide farm, it is demonstrated that the proposed encroachment would not result in any increase in the flood levels during the occurrence of the base flood, based on hydrologic and hydr...
	b. With respect to development other than that described in §65.040-B1.a or §65.040-B1.c, the development is one of the following uses:  agricultural activities, lawns, gardens, parks, trails, golf courses or open space and the development does not re...
	c. For essential services a Conditional Letter of Map Revision (CLOMR) has been approved by FEMA. A Letter of Map Revision (LOMR) must also be obtained upon completion of the proposed encroachment. Development in floodplains, with or without adopted r...

	2. If §65.040-B1 is satisfied, all development must comply with all applicable flood hazard reduction provisions of this article.
	3. No manufactured homes are permitted, except replacement manufactured homes in an existing manufactured home park or subdivision, provided the following provisions are met:
	a. The anchoring and the elevation standards of §65.020-B3; and
	b. The no-encroachment standard of 65.040-B1.



	Section 65.050 Administration and Enforcement
	65.050-A Floodplain Administrator
	1. Appointment
	2. Duties and Responsibilities
	a. Review all floodplain development applications and issue permits for all proposed development within special flood hazard areas to assure that the flood damage prevention regulations of this ordinance have been satisfied.
	b. Review all proposed development within special flood hazard areas to assure that all necessary local, state and federal permits have been received.
	c. Notify adjacent communities and the North Carolina Department of Crime Control and Public Safety, Division of Emergency Management, State Coordinator for the National Flood Insurance Program prior to any alteration or relocation of a watercourse, a...
	d. Assure that maintenance is provided within the altered or relocated portion of said watercourse so that the flood-carrying capacity is maintained.
	e. Prevent encroachments into floodways and non-encroachment areas unless the certification and flood hazard reduction provisions of are met.
	f. Obtain actual elevation (in relation to mean sea level) of the reference level (including basement) and all attendant utilities of all new and substantially improved structures, in accordance with the provisions of §65.070-D.
	g. Obtain actual elevation (in relation to mean sea level) to which all new and substantially improved structures and utilities have been floodproofed, in accordance with the provisions of §65.070-D.
	h. Obtain actual elevation (in relation to mean sea level) of all public utilities in accordance with the provisions of §65.070-D.
	i. When floodproofing is utilized for a particular structure, obtain certifications from a registered professional engineer or architect in accordance with the provisions of §65.070-D and §65.020-B2.
	j. Where interpretation is needed as to the exact location of boundaries of the special flood hazard areas, floodways, or non-encroachment areas (for example, where there appears to be a conflict between a mapped boundary and actual field conditions),...
	k. When base flood elevation (BFE) data have not been provided in accordance with the provisions of 65.010-H, obtain, review, and reasonably utilize any BFE data, along with floodway data or non-encroachment area data available from a federal, state, ...
	l. When base flood elevation (BFE) data are provided but no floodway or non-encroachment area data have been provided in accordance with the provisions of 65.010-H, obtain, review, and reasonably utilize any floodway data or non-encroachment area data...
	m. When the lowest floor and the lowest adjacent grade of a structure or the lowest ground elevation of a lot in a special flood hazard area are above the base flood elevation (BFE), advise the property owner of the option to apply for a Letter of Map...
	n. Permanently maintain all records that pertain to the administration of the flood damage prevention regulations of this ordinance and make these records available for public inspection, recognizing that such information may be subject to the Privacy...
	o. Make on-site inspections of work in progress. As the work pursuant to a floodplain development permit progresses, the floodplain administrator must make as many inspections of the work as may be necessary to ensure that the work is being done accor...
	p. Issue stop-work orders as required. Whenever a building or part thereof is being constructed, reconstructed, altered, or repaired in violation of this article, the floodplain administrator may order the work to be immediately stopped. The stop-work...
	q. Revoke floodplain development permits as required. The floodplain administrator may revoke and require the return of the floodplain development permit by notifying the permit holder in writing stating the reasons for the revocation. Permits may be ...
	r. Make periodic inspections throughout the special flood hazard areas within the jurisdiction of the community. The floodplain administrator and other assigned staff have the right, upon presentation of proper credentials, to enter on any premises wi...
	s. Follow through with corrective procedures of 65.050-B.
	t. Review, provide input, and make recommendations for variance requests.
	u. Maintain a current map repository to include, but not limited to, the FIS Report, FIRM and other official flood maps and studies adopted in accordance with the provisions of this ordinance, including any revisions thereto including Letters of Map C...
	v. Notify the state and FEMA of mapping needs.
	w. Coordinate revisions to FIS reports and FIRMs, including Letters of Map Revision Based on Fill (LOMR-Fs) and Letters of Map Revision (LOMRs).


	65.050-B Corrective Procedures
	1. Violations to be Corrected
	2. Actions in Event of Failure to Take Corrective Action
	a. That the building or property is in violation of the floodplain management regulations;
	b. That a hearing will be held before the floodplain administrator at a designated place and time, not later than 10 days after the date of the notice, at which time the owner is entitled to be heard in person or by counsel and to present arguments an...
	c. That following the hearing, the floodplain administrator may issue an order to alter, vacate, or demolish the building; or to remove fill as applicable.

	3. Order to Take Corrective Action
	4. Appeal
	5. Failure to Comply with Order

	65.050-C Penalties for Violation

	Section 65.060 Variances
	65.060-A The board of adjustment is authorized to hear and decide requests for variances from the requirements of this article.
	65.060-B Variances may be issued for:
	1. The repair or rehabilitation of historic structures upon the determination that the proposed repair or rehabilitation will not preclude the structure's continued designation as a historic structure and that the variance is the minimum necessary to ...
	2. Functionally dependent facilities, provided provisions of §65.060-H2, §65.060-H3 and §65.060-H5 have been satisfied, and such facilities are protected by methods that minimize flood damages during the base flood and create no additional threats to ...
	3. Any other type of development, provided it meets the requirements of this Section.

	65.060-C In passing upon variances, the board of adjustment must consider all technical evaluations, all relevant factors, all standards specified in other sections of this ordinance, and:
	1. The danger that materials may be swept onto other lands to the injury of others;
	2. The danger to life and property due to flooding or erosion damage;
	3. The susceptibility of the proposed facility and its contents to flood damage and the effect of such damage on the individual owner;
	4. The importance of the services provided by the proposed facility to the community;
	5. The necessity to the facility of a waterfront location as a functionally dependent facility, where applicable;
	6. The availability of alternative locations, not subject to flooding or erosion damage, for the proposed use;
	7. The compatibility of the proposed use with existing and anticipated development;
	8. The relationship of the proposed use to the comprehensive plan and floodplain management program for that area;
	9. The safety of access to the property in times of flood for ordinary and emergency vehicles;
	10. The expected heights, velocity, duration, rate of rise, and sediment transport of the floodwaters and the effects of wave action, if applicable, expected at the site; and
	11. The costs of providing governmental services during and after flood conditions including maintenance and repair of public utilities and facilities such as sewer, gas, electrical and water systems, and streets and bridges.

	65.060-D A written report addressing each of the above factors must be submitted with the application for a variance.
	65.060-E Upon consideration of the factors listed above and the purposes of this article, the board of adjustment may attach such conditions to the granting of variances as it deems necessary to further the purposes and objectives of these flood damag...
	65.060-F Any applicant to whom a variance is granted must be given written notice specifying the difference between the base flood elevation (BFE) and the elevation to which the structure is to be built and that such construction below the BFE increas...
	65.060-G The floodplain administrator must maintain the records of all appeal actions and report any variances to the Federal Emergency Management Agency and the State of North Carolina upon request.
	65.060-H Conditions for Variances:
	1. Variances may not be issued when the variance will make the structure in violation of other federal, state, or local laws, regulations, or ordinances.
	2. Variances may not be issued within any designated floodway or non-encroachment area if the variance would result in any increase in flood levels during the base flood discharge.
	3. Variances may only be issued upon a determination that the variance is the minimum necessary, considering the flood hazard, to afford relief.
	4. Variances may only be issued prior to development permit approval.
	5. Variances may only be issued upon:
	a. A showing of good and sufficient cause;
	b. A determination that failure to grant the variance would result in exceptional hardship; and
	c. A determination that the granting of a variance will not result in increased flood heights, additional threats to public safety, or extraordinary public expense, create nuisance, cause fraud on or victimization of the public, or conflict with exist...

	6. A variance may be issued for solid waste disposal facilities or sites, hazardous waste management facilities, salvage yards, and chemical storage facilities that are located in special flood hazard areas provided that all of the following condition...
	a. The use serves a critical need in the community.
	b. No feasible location exists for the use outside the special flood hazard area.
	c. The reference level of any structure is elevated or floodproofed to at least the regulatory flood protection elevation.
	d. The use complies with all other applicable federal, state and local laws.
	e. Union County has notified the Secretary of the North Carolina Department of Crime Control and Public Safety of its intention to grant a variance at least 30 calendar days prior to granting the variance.


	65.060-I Any person aggrieved by the decision of the board of adjustment may appeal such decision to the court, as provided in NCGS Chapter 7A.

	Section 65.070 Floodplain Development Application, Permit and Certification Requirements
	65.070-A Establishment of Floodplain Development Permit
	65.070-B Application Requirements
	1. A plot plan drawn to scale which must include at least the following specific details of the proposed floodplain development:
	a. The nature, location, dimensions, and elevations of the area of development/disturbance; existing and proposed structures, utility systems, grading/pavement areas, fill materials, storage areas, drainage facilities, and other development;
	b. The boundary of the special flood hazard area as delineated on the FIRM or other flood map as determined in 65.010-H, or a statement that the entire lot is within the special flood hazard area;
	c. Flood zone designation of the proposed development area as determined on the FIRM or other flood map as determined in 65.010-H;
	d. The boundary of the floodway or non-encroachment area, as determined in 65.010-H;
	e. The base flood elevation (BFE) where provided as set forth in 65.010-H; §65.050-A2; or Section 65.030;
	f. The old and new location of any watercourse that will be altered or relocated as a result of proposed development; and
	g. The certification of the plot plan by a NC registered land surveyor or registered professional engineer.

	2. Proposed elevation, and method thereof, of all development within a special flood hazard area including but not limited to:
	a. Elevation in relation to mean sea level of the proposed reference level (including basement) of all structures;
	b. Elevation in relation to mean sea level to which any nonresidential structure in Zone AE or A will be floodproofed; and
	c. Elevation in relation to mean sea level to which any proposed utility systems will be elevated or floodproofed.

	3. If floodproofing, a Floodproofing Certificate (FEMA Form 81-65) with supporting data, an operational plan, and an inspection and maintenance plan that include, but are not limited to, installation, exercise, and maintenance of floodproofing measures.
	4. A Foundation Plan, drawn to scale, which must include details of the proposed foundation system to ensure all provisions of this article are met. These details include but are not limited to:
	a. The proposed method of elevation, if applicable (i.e., fill, solid foundation perimeter wall, solid backfilled foundation, open foundation on columns/posts/piers/piles/shear walls); and
	b. Openings to facilitate automatic equalization of hydrostatic flood forces on walls in accordance with §65.020-B4.c when solid foundation perimeter walls are used in Zones A, AE, and A1-30.

	5. Usage details of any enclosed areas below the lowest floor.
	6. Plans and/or details for the protection of public utilities and facilities such as sewer, gas, electrical, and water systems to be located and constructed to minimize flood damage.
	7. Certification that all other local, state and federal permits required prior to floodplain development permit issuance have been received.
	8. Documentation for placement of Recreational Vehicles and/or Temporary Structures, when applicable, to ensure that the provisions of §65.020-B6 and §65.020-B7 are met.
	9. A description of proposed watercourse alteration or relocation, when applicable, including an engineering report on the effects of the proposed project on the flood-carrying capacity of the watercourse and the effects to properties located both ups...

	65.070-C Permit Requirements
	1. The Floodplain Development Permit must include at least:
	a. A description of the development to be permitted under the floodplain development permit.
	b. The special flood hazard area determination for the proposed development in accordance with available data specified in §65.010-H.
	c. The regulatory flood protection elevation required for the reference level and all attendant utilities.
	d. The regulatory flood protection elevation required for the protection of all public utilities.
	e. All certification submittal requirements with timelines.
	f. A statement that no fill material or other development is allowed to encroach into the floodway or non-encroachment area of any watercourse, as applicable.
	g. The flood openings requirements, if in Zone A, AE or A1-30.


	65.070-D Certification Requirements
	1. Elevation Certificates
	a. An Elevation Certificate (FEMA Form 81-31) is required prior to the actual start of any new construction. It is the duty of the permit holder to submit to the floodplain administrator a certification of the elevation of the reference level, in rela...
	b. An Elevation Certificate (FEMA Form 81-31) is required after the reference level is established. Within 7 calendar days of establishment of the reference level elevation, it is the duty of the permit holder to submit to the floodplain administrator...
	c. A final as-built Elevation Certificate (FEMA Form 81-31) is required after construction is completed and prior to Certificate of Compliance/Occupancy issuance. It is the duty of the permit holder to submit to the floodplain administrator a certific...

	2. Floodproofing Certificate
	3. If a manufactured home is placed within Zone A, AE, or A1-30 and the elevation of the chassis is more than 36 inches in height above grade, an engineered foundation certification is required in accordance with the provisions of §65.020-B3.b.
	4. If a watercourse is to be altered or relocated, a description of the extent of watercourse alteration or relocation; a registered professional engineer’s certified report on the effects of the proposed project on the flood-carrying capacity of the ...
	5. The following structures, if located within Zone A, AE or A1-30, are exempt from the elevation/floodproofing certification requirements specified §65.070-D1 and §65.070-D2:
	a. Recreational Vehicles meeting requirements of §65.020-B6.a;
	b. Temporary Structures meeting requirements of §65.020-B7; and
	c. Accessory Structures less than 150 square feet meeting requirements of §65.020-B8.




	Article 70 | Riparian Buffers
	Section 70.010 Purpose
	70.010-A Protect water quality by filtering pollutants;
	70.010-B Provide storage for floodwaters;
	70.010-C Allow channels to meander naturally; and
	70.010-D Provide suitable habitats for wildlife.

	Section 70.020 Applicability
	70.020-A Stormwater improvement projects that have a positive water quality benefit;
	70.020-B Bona fide farms that qualify for the bona fide farm zoning exemption of Section 1.050;
	70.020-C Redevelopment activities that do not increase the subject site’s impervious area or reduce the subject site’s stormwater controls ;
	70.020-D Buildings and developments that were issued a certificate of building code compliance on or before the effective date specified in Section 1.030;
	70.020-E Structures for which a building permit was issued on or before the effective date specified in Section 1.030, provided that if the building permit lapses or otherwise becomes invalid, the exemption lapses and any future construction is subjec...
	70.020-F Lots included on a final subdivision plat that was approved on or before the effective date specified in Section 1.030;
	70.020-G Lots included on a preliminary subdivision plan approved on or before the effective date specified in Section 1.030, provided that if the preliminary subdivision plan lapses or otherwise becomes invalid, the exemption lapses and future subdiv...
	70.020-H Properties that have secured a vested property right under North Carolina law on or before the effective date specified in Section 1.030.

	Section 70.030 Buffer Standards
	70.030-A Buffer Widths
	1. Required riparian buffer widths vary based on the type of stream, primary (perennial) or secondary (intermittent). In general, primary streams are those defined as solid blue lines on the USGS topographic quadrangle map. Secondary streams are those...
	2. The minimum buffer widths required by this article are as follows:
	a. Primary (perennial) stream buffer width – 100 feet on each side of the stream.
	b. Secondary (intermittent) stream buffer width – 50 feet on each side of the stream.

	3. Required buffer width is measured horizontally on a line perpendicular to the stream, landward from the top of the bank on each side of the stream. Buffer widths include only area that flows directly to the stream and surface water feature and do n...
	4.  A site-specific stream jurisdictional determination may be performed that meets the standards (jurisdictional determination and professional training and certification requirements) of the United States Army Corp of Engineers and the North Carolin...
	5. Stream locations (and associated riparian buffer widths) must be based on a field survey.

	70.030-B Buffer Zones
	1. General
	a. The streamside zone;
	b. The managed use zone; and
	c. The upland zone.

	2. Streamside Zone
	3. Managed Use Zone
	4. Upland Zone

	70.030-C Buffer Vegetation and Use
	1. Stream Side Zone
	a. Function
	b. Vegetative Targets
	c. Allowable Uses
	(1) Perpendicular crossings (between 75 degrees and 105 degrees, as measured from the stream centerline) for driveways, streets, roads, sidewalks, railroad crossings and associated bridge components;
	(2) Perpendicular overhead and underground utility crossings (between 75 degrees and 105 degrees, as measured from the stream centerline);
	(3) New parallel sanitary sewer lines as long as no “practicable alternative” exists and mitigation is performed for the riparian buffer impacts;
	(4) Perpendicular (between 75 degrees and 105 degrees, as measured from the stream centerline)  greenways/hiking trails; on-grade greenways/hiking trails less than 4 feet in width that do not impact diffuse flow conditions;
	(5) Elevated greenways/hiking trails;
	(6) Fences provided installation does not result in the removal of trees with a 6-inch diameter at breast height or larger;
	(7) Vegetation management;
	(8) Dam maintenance;
	(9) Wetland/stream/buffer restoration; and
	(10) Mitigation approved by state or federal agencies pursuant to Section 401 or 404 of the Clean Water Act.


	2. Managed Use Zone
	a. Function
	b. Vegetative Targets
	c. Allowable Uses
	(1) All uses allowed in the stream side zone;
	(2) Overhead and underground utilities;
	(3) Greenways/hiking trails less than 10 feet in width that do not impact diffuse flow conditions;
	(4) Playground equipment; and
	(5) Stormwater best management practices.


	3. Upland Zone
	a. Function
	b. Vegetative targets
	c. Allowable Uses
	(1) All uses allowed in the stream side and managed use zones;
	(2) Lawns and gardens;
	(3) Septic systems;
	(4) Unoccupied storage buildings and/or roofed without permanent foundations that are less than 144 square feet in area; and
	(5) Uncovered slatted decks. [§70.030-C3.c amended 11.03.2014]



	70.030-D Buffer Revegetation
	70.030-E Fill and Occupied Building Limitations
	70.030-F Minimal Disturbance
	70.030-G Erosion and Sediment Control Devices
	70.030-H Diffuse Flow Requirements
	1. Diffuse flow of runoff must be maintained in the buffer by dispersing concentrated flow and reestablishing vegetation. Technical design standards, details, and construction specifications for providing diffuse flow are provided in the Water and Lan...
	2. Converting large concentrated flow to diffuse flow is not possible. Therefore, discharge from a storm pipe system larger than 24 inches in diameter or channel larger than 4 square feet of flow area is not allowed through the riparian buffer.
	3. Periodic corrective action to restore diffuse flow must be taken by the property owner as necessary to prevent the formation of erosion gullies.

	70.030-I Existing Lakes, Ponds and Wetlands
	70.030-J Buffer Delineation
	1. Streams and riparian buffer boundaries including all buffer zones must be clearly delineated on all construction plans, including grading and clearing plans, erosion, drainage and sediment control plans and site plans.
	2. The riparian buffer boundaries closest to the land development activities must be clearly marked on-site by safety fence prior to any land disturbing activities. The safety fence must remain in place during all land development and construction act...
	a. The fence must be at least 4 feet in height and be supported with 72-inch poles spaced no more than 12 feet apart.
	b. Fence material color must be orange or a similar high-visibility color relative to adjacent natural vegetation.

	3. Streams and riparian buffer boundaries, including the delineation of each riparian buffer zone, must be specified with a metes and bounds description on all surveys and record plats.
	4. Property owners must submit a letter to the administrator stating that the riparian buffer has not been impacted in order to receive certificate of occupancy.
	5. Riparian buffer requirements must be documented in homeowner’s association documents.

	70.030-K Buffer Easements/Ownership
	1. Riparian buffers for minor subdivisions are the responsibility of the property owner. A metes and bound easement of all riparian buffer zones must be included with the plat. The metes and bounds easement must authorize and grant permission for the ...
	2. Riparian buffers for major subdivisions must be the responsibility of the homeowner’s association. A separate lot owned by the homeowner association must be created. The metes and bounds easement must authorize and grant permission for the administ...


	Section 70.040 Incentives
	70.040-A Relaxed Lot Setback Requirements
	1. Front setbacks may be reduced to a minimum of 15 feet for all lots, except front loaded garages must maintain a minimum setback of 20 feet.
	2. Rear setbacks may be 100% within a riparian buffer. Rear setbacks may be reduced to 30 feet on all internal lots.
	3. Side setbacks may be reduced to a minimum of 5 feet, provided all fire code requirements are satisfied.

	70.040-B Open Space

	Section 70.050 Mitigation
	70.050-A General
	1. Mitigation is the method by which unavoidable or approved buffer impacts within any of the buffer zones is offset. Mitigation allows the property owner or other entity the opportunity to disturb a buffer, provided that steps are taken to offset the...
	2. Impacts to stream buffers not specified in the buffers standards of Section 70.030 and proposed to allow development or other land use in a buffer are required to mitigate or offset the proposed impact in accordance with this article.

	70.050-B Pre-approved Mitigation Techniques
	1. Installation of Structural BMPs
	2. Stream Restoration
	3. Stream Preservation
	4. Wetlands Restoration
	5. Riparian Hardwood Preservation
	6. Open Space Development

	70.050-C Alternative Mitigation Techniques
	70.050-D Use of Mitigation Credit
	1. For mitigation credits associated with the installation and/or construction of stream restoration and/or BMPs, the mitigation credit may be used to offset riparian buffer impacts after the stream restoration and/or BMP construction is complete and ...
	2. All required easements and/or property ownership rights must be demonstrated. For mitigation credits associated with the conservation and/or preservation of existing natural sources such as stream preservation or riparian buffer preservation, all r...

	70.050-E Financial Security for Structural BMPs

	Section 70.060 Maintenance and Inspections
	70.060-A Maintenance Responsibilities
	70.060-B Site Inspections
	1. Agents, officials, or other qualified persons authorized by Union County may periodically inspect riparian buffers and approved mitigation sites to ensure compliance with this article. Notice of the right to inspect must be included in the letter o...
	2. The riparian buffer and all techniques used for mitigation must be self-inspected annually by the owner. The inspections must be documented using the forms provided in the Water and Land Resources Implementation Guidelines. The inspection documenta...



	Article 75 | Sunflower Protection
	Section 75.010 Purpose
	Section 75.020 Applicability
	Section 75.030 Survey and Protection Plan Requirements
	75.030-A Submittal Requirements
	1. All applicable developments must submit, as part of the subdivision approval process and prior to any land disturbance activities, a sunflower identification and protection plan to the administrator. The sunflower identification and protection plan...
	2. Sunflower identification surveys must be performed in accordance to industry standard methods, as required by the North Carolina Department of Environment and Natural Resources, North Carolina Department of Agriculture and Consumer Services, Plant ...
	3. Sunflower surveys must be based on an actual on-the-ground survey and assessment of all Schweinitz’s sunflower habitat areas within the proposed development site. The administrator must be invited to attend the identification survey.

	75.030-B Protection Plan Requirements
	75.030-C Sunflower Protection Area Delineations and Easements
	1. Sunflower protection is the responsibility of the property owner and any homeowner’s association.
	2. Boundaries that are 5 feet beyond field-identified sunflower locations are required to be set, field marked by safety fence, and contained within a recorded easement. The safety fence must comply with the following standards:
	a. The fence must be at least 4 feet in height and be supported with 72-inch poles spaced no more than 12 feet apart.
	b. Fence material color must be orange or a similar high-visibility color relative to adjacent natural vegetation.

	3. Sunflower protection area boundaries must be clearly delineated on all construction plans, including grading and clearing, drainage, erosion and sediment control, and site plans.
	4. Sunflower protection area boundaries must be clearly marked by safety fence prior to any land disturbing activities. The sunflower protection area safety fence must remain in place during all land development and homebuilding activities.
	5. Sunflower protection area boundary delineations must be specified with a metes and bounds description on all surveys and record plats.
	6. Property owners must provide a third-party certification from a vegetation identification professional that the Schweinitz’s sunflowers within those boundaries have not been impacted prior to subdivision plat approval and certificate of occupancy.
	7. A recorded easement described by a metes and bounds boundary must grant the administrator the right to enter the property to inspect the Schweinitz’s sunflower.


	Section 75.040 Relocation
	75.040-A General
	75.040-B Sunflower Survival Requirements
	75.040-C Alternative Relocation Approaches

	Section 75.050 Inspection and Financial Guarantees
	75.050-A Performance Surety
	75.050-B Site Inspections


	Article 80 | Review and Approval Procedures
	Section 80.010 Common Provisions
	80.010-A Applicability
	80.010-B Review and Decision-making Authority (Summary Table)
	80.010-C North Carolina General Statutes
	80.010-D Applications and Fees
	1. Property Owner-initiated Applications
	2. Preapplication Meetings
	a. Purpose
	b. Applicability
	c. Scheduling
	d. Guidelines

	3. Form of Applications
	a. All applications required under this ordinance must be submitted in a form and in such numbers as required by the official responsible for accepting the application. Applications must include materials and information to allow for a determination t...
	(1) A list of the names and addresses of all owners of record of the property that is the subject of the application; and
	(2) Maps, plats, surveys, engineering documents, environmental reports, traffic studies, and other materials and information as required by this ordinance or applications checklists established by the administrator or other official responsible for ac...

	b. The administrator and other officials responsible for accepting applications must maintain required forms and checklists of materials and information required to be submitted with each application. This information must be available to the public i...

	4. Application Filing Fees and Notification Costs
	5. Application Completeness, Accuracy and Sufficiency
	a. An application will be considered complete and ready for processing only if it is submitted in the required number and form, includes all required information and is accompanied by the required application filing and notification fees.
	b. The official responsible for accepting the application must make a determination of application completeness within 10 business days of application filing.
	c. If an application is determined to be incomplete, the official responsible for accepting the application must notify the applicant of the determination and describe the application’s deficiencies.
	d. No further processing of incomplete applications will occur and incomplete applications will be pulled from the processing cycle, unless the applicant, after being notified of that the application is incomplete and not adequate for review, files a ...
	e. Applications deemed complete will be considered to be in the current processing cycle and will be reviewed by staff and other review and decision-making bodies in accordance with applicable review and approval procedures of this ordinance.
	f. The official responsible for accepting the application may require that applications or plans be revised before being placed on an agenda for possible action if the administrator determines that:
	(1) The application or plan contains one or more significant inaccuracies or omissions that hinder timely or competent evaluation of the plan’s/application’s compliance with ordinance requirements or other regulations;
	(2) The application contains multiple minor inaccuracies or omissions that hinder timely or competent evaluation of the plan’s/application’s compliance with ordinance requirements or other regulations; or
	(3) The decision-making body does not have legal authority to approve the application.



	80.010-E Application Processing Cycles
	80.010-F Public Hearing Notices
	1. Newspaper Notice
	a. Indicate the date, time and place of the public hearing or date of action that is the subject of the notice;
	b. Describe any property involved in the application by map, street address or by legal description;
	c. Describe the nature, scope and purpose of the application or proposal in sufficient detail to allow citizens to determine what is being proposed and whether they would be affected;
	d. Identify who will conduct meetings or hearings or, if no meeting or hearing is required, who will take action on the application; and
	e. Indicate where additional information on the matter can be obtained.

	2. Mailed Notice
	a. Whenever the procedures of this article require that notice of a public hearing before the Board of Commissioners be mailed, such notice must be sent by United States Postal Service certified mail. All other mailed notices required under this artic...
	b. Addresses must be based on the latest property ownership information available from county tax records. When required notices have been properly addressed and deposited in the U.S. mail, alleged failure of a party to receive the mailed notice does ...
	c. Mailed notices must include at least the information required for newspaper notices pursuant to §80.010-F1.

	3. Posted Notice
	4. Constructive Notice
	a. Minor defects in required notices will not be deemed to impair the notice or invalidate proceedings pursuant to the notice if a bona fide attempt was made to comply with applicable notice requirements. Minor defects in notice are limited to errors ...
	b. When the records of the county document the publication, mailing, and posting of notices as required by this article, required notice of the public hearing will be presumed to have been given.


	80.010-G Public Hearings Generally
	1. At required public hearings, interested persons must be permitted to submit information and comments, verbally or in writing. The hearing body is authorized to establish reasonable rules and regulations governing the conduct of hearings and the pre...
	2. Once commenced, a public hearing may be continued by the hearing body. No re-notification is required if the continuance is set for specified date and time and that date and time is announced at the time of the continuance.
	3. If a public hearing is continued or postponed for an indefinite period of time from the date of the originally scheduled public hearing, new public hearing notice must be given before the rescheduled public hearing. If the applicant requests and is...
	4. See also Section 85.030 for provisions governing the board of adjustment’s quasi-judicial (evidentiary) hearings and proceedings.

	80.010-H Action by Review Bodies and Decision-Making Bodies
	1. Review and decision-making bodies may take any action that is consistent with:
	a. The regulations of this ordinance;
	b. Any rules or by-laws that apply to the review or decision-making body; and
	c. The notice that was given.

	2. Review and decision-making bodies are authorized to continue a public hearing or defer action in order to receive additional information or further deliberate.

	80.010-I Conditions of Approval
	80.010-J Decision-Making Criteria; Burden of Proof or Persuasion
	80.010-K Time-frames for Review and Action
	1. Recognizing that inordinate delays in acting upon applications may impose unnecessary costs on applicant, the all reviews and decision-making bodies must make every reasonable effort to process applications and conduct required reviews as expeditio...
	2. Any specific time limit imposed by this ordinance for the timing of a decision or action on behalf of a review or decision-making body may be extended if the applicant agrees to an extension. If a review or decision-making body does not render a de...


	Section 80.020 Vested Rights
	80.020-A Purpose
	80.020-B Procedure
	1. At the time that a property owner submits an application for a conditional zoning district map amendment, special use or subdivision plat that qualifies as a site-specific development plan under NCGS 153A-344.1(b)(5), property owners may elect to d...
	2. If a vested right is sought for a subdivision plat, the subdivision plat must be processed in accordance with the conditional zoning district map amendment procedures of Section 80.050, including the requirements for public hearing and notices.
	3. For proposed developments that do not require conditional zoning district map amendment, special use or subdivision plat approval, property owners may seek to establish a vested right by submitting a plan that qualifies as a site-specific developme...

	80.020-C Establishment
	1. Rights
	2. Transferability

	80.020-D Vested Term
	80.020-E Effect of Establishment; Termination
	1. With written consent of the affected property owner;
	2. Upon finding that natural or man-made hazards on or in the immediate vicinity of the property, if uncorrected, would pose a threat to the public health, safety, and welfare if the project were to proceed in accordance with the site-specific develop...
	3. To the extent that the subject property owner receives compensation for all costs and losses;
	4. Upon finding that the property owner or the property owner’s authorized agent representative, intentionally supplied inaccurate information or made material misrepresentations that made a difference in the plan approval by the county;
	5. Upon the enactment of a state or federal law or regulation that precludes development as contemplated in the site-specific development plan; or,
	6. At the end of the applicable vesting period with respect to buildings and uses for which no valid building permit applications have been filed.


	Section 80.030 Ordinance Text Amendments
	80.030-A Authority to Initiate
	80.030-B Administrator Review
	80.030-C Planning Board Review
	80.030-D Notice of Public Hearing
	80.030-E Board of Commissioners Public Hearing and Final Action
	80.030-F Review and Approval Criteria
	80.030-G Required Statement

	Section 80.040 Zoning Map Amendments (Rezonings)
	80.040-A Authority to File
	80.040-B Preapplication Meeting
	80.040-C Application Filing
	80.040-D Administrator Review
	80.040-E Planning Board Review
	80.040-F Notice of Public Hearing
	1. Newspaper Notice
	2. Mailed Notice
	a. At least 10 days before and no more than 25 days before the date of the public hearing, notice must be mailed to the subject property owner and all owners of property that abut the subject property or are located on the opposite side of the street ...
	b. If the proposed zoning map amendment would reclassify more than 50 properties, owned by a total of at least 50 different property owners, the county may elect to provide mailed notice to individual property owners as stated in §80.040-F2.a or provi...

	3. Posted Notice

	80.040-G Board of Commissioners Public Hearing and Final Action
	80.040-H Review and Approval Criteria
	80.040-I Required Statement
	80.040-J Successive Applications
	1. Unless the Board of Commissioners finds that there have been substantial changes in conditions or circumstances bearing on the application, the administrator may not accept a zoning map amendment application for the same property within 12 months o...
	a. Has been denied by the Board of Commissioners;
	b. Has been withdrawn by the applicant after planning board consideration; or
	c. A zoning map amendment for a more restrictive classification than requested by an applicant has been approved by the Board of Commissioners.

	2. The time limitation imposed by this subsection (§80.040-J) does not apply to the filing a conditional zoning map amendment application on the same property for which a zoning map amendment was denied before the effective date specified in Section 1...

	80.040-K Vested Rights

	Section 80.050 Conditional Zoning District Map Amendments (Conditional District Rezonings)
	80.050-A Applicability
	1. Reduce or narrow the range of uses or building types allowed in the subject zoning district;
	2. Commit to strict compliance with a site-specific development plan that imposes:
	a. Lot and building regulations that are more restrictive than otherwise required in the subject zoning district; or
	b. Other development-related standards or conditions that are more restrictive than those that would otherwise apply to the subject property under this ordinance.


	80.050-B  Authority to File
	80.050-C Preapplication Meeting
	80.050-D Review and Approval Procedure
	80.050-E Required Community Meeting
	1. Before a public hearing may be held on an application for conditional zoning district map amendment, the applicant must provide the administrator with a written report of at least one community meeting held by the applicant.
	2. Reasonable notice of the required community meeting must be given to nearby property owners and to affected and interested parties in accordance with county public notice policies.
	3. The report must include at least a listing of those persons and organizations contacted about the meeting and the manner and date of contact, time, date, and location of the meeting, a roster of the persons in attendance at the meeting, a summary o...
	4. If the applicant has not held at least one community meeting pursuant to this subsection, the applicant must file a report documenting efforts that were made to arrange such a meeting and stating the reasons that a meeting was not held.
	5. The adequacy of the meeting and the meeting report must be considered by the Board of Commissioners, but is not subject to judicial review.

	80.050-F Submittal Requirements
	80.050-G Scope and Effect of Approval
	1. Transferability
	2. Special Uses
	3. Recording
	4. Violations

	80.050-H Amendments and Modifications
	1. Minor Amendments
	a. The administrator is authorized to approve the following minor amendments to approved conditional zoning district map amendments:
	(1) Any amendments expressly authorized as minor amendments at the time of approval of the conditional zoning district map amendment; and
	(2) Changes to the development site or to structures necessitated by engineering, architectural or physical limitations of the site that could not have been foreseen at the time the conditional zoning district map amendment was approved and that are n...

	b. Applications for minor amendments to approved conditional zoning district map amendments must be filed in a form established by the administrator. If no action is taken on the minor amendment application within 30 days of filing of a complete appli...

	2. Major Amendments
	a. All of the following constitute major amendments to approved conditional zoning district map amendments:
	(1) An increase in overall building coverage by more than 1%;
	(2) An increase in building height by more than 1% or 1 foot, whichever is less;
	(3) An increase in residential density or the number of residential units allowed;
	(4) An overall reduction in the amount of common open space or landscaping;
	(5) A reduction in off-street parking by more than 10% or one space, whichever results in a greater reduction;
	(6) A change in the vehicle circulation pattern that would increase points of access, change access to another street or increase projected traffic volumes;
	(7) Any combination of 2 or more minor amendments that were not expressly authorized by the approved conditional zoning district map amendment; and
	(8) Any modification of a condition of approval imposed at the time of approval of the conditional zoning district map amendment.

	b. Major amendments to an approved conditional zoning district map amendment must be processed as a new conditional zoning district map amendment application, including all requirements for fees, notices and public hearings.


	80.050-I Vested Rights

	Section 80.060 Exempt Subdivisions
	80.060-A Purpose
	80.060-B Applicability
	1. The combination or recombination of portions of previously subdivided and recorded lots if:
	a. The total number of lots is not increased; and
	b. The resulting lots comply with all applicable zoning district requirements and subdivision design and improvements standards.

	2. The division of land resulting in the creation of lots that are each more than 10 acres in area, provided that no right-of-way dedication is involved.
	3. The public acquisition of land for the establishment (or widening) of roads, rail corridors, parks, open space, trails, greenway corridors, conservation areas, or public water reservoir projects;
	4. The division of a tract of land in single ownership into no more than 3 lots if:
	a. The tract to be divided is no greater than 2 acres in area;
	b. No right-of-way dedication is involved; and
	c. The resulting lots meet or exceed the minimum lot size regulations of this ordinance.

	5. The division of land into cemetery plots;
	6. The division of land solely for the purpose of creating lots to be occupied by electrical substations, water towers, community water and wastewater systems, cell towers and similar structures used for public or quasi-public utility purposes, provid...
	7. The division of a tract of land resulting solely from public acquisition of land to be used for public street right-of-way.

	80.060-C Application Submittal
	80.060-D Planning Division Director Review and Action
	1. Following receipt of a request for a determination of exempt subdivision status, the planning division director must make a determination of the land division’s exempt or nonexempt status.
	2. If the planning division director determines that the proposed land division does not constitute a subdivision, the planning division director must certify the proposed land division as exempt and include the following statement on the plat:
	3. If the planning division director determines that the proposed land division constitutes a subdivision, the applicant must be informed of that determin
	4. ation in writing.


	Section 80.070 Minor Subdivisions
	80.070-A Applicability
	80.070-B Preapplication Meeting
	80.070-C General Process

	Section 80.080 Major Subdivisions
	80.080-A Applicability
	80.080-B General Process
	1. The major subdivision process is a multi-step process requiring:
	a. Preapplication meeting;
	b. Sketch plan;
	c. Preliminary plan;
	d. Final plat:

	2. Infrastructure and public improvements may be installed only after approval of a preliminary plan, and sale of lots is permitted only after a final plat has been approved and recorded with the register of deeds.

	80.080-C Preapplication Meeting
	80.080-D Sketch Plan
	1. Before submitting an application for preliminary subdivision plan approval, the subject property owner or the property owner’s authorized agent must submit to the planning division director a sketch plan of the proposed subdivision.
	2. Following a review of the sketch plan and other materials by the planning staff and technical review committee, the planning division director must advise the applicant of the results of the sketch plan review. A preliminary plan application may no...

	80.080-E Preliminary Plan
	1. Authority to File
	2. Application Filing
	3. Planning Division Director Review and Action
	a. Upon receipt of a complete application for preliminary plan approval, the planning division director must refer the application to the technical review committee and other affected agencies for review and comment.
	b. After completing review of the preliminary plan application and allowing reasonable time for receipt of comments from the technical review committee and other review agencies, the planning division director must act to approve the preliminary plan,...

	4. Effect of Approval
	a. Upon approval of the preliminary plan, the applicant may proceed with installation of or arrangement for required infrastructure and improvements in accordance with the approved preliminary plan and the requirements of this ordinance, including the...
	b. No building permits may be issued to develop any lot or tract shown on the approved preliminary plan until a final plat showing such lot or tract is approved and recorded in compliance with §80.080-F.

	5. Lapse of Approval
	a. An approved preliminary plan remains valid and effective for a period of 2 years from the date of approval. If final plat approval and recording of the approved final plat has not occurred within this 2-year period, the preliminary plan approval la...
	(1) The subdivision is to be built in sections or phases, and a phasing plan was approved as part of the preliminary plan;
	(2) The period between the approval date of the preliminary plan and the approval date of the final plat for the first phase does not exceed one year; and
	(3) The period between the approval date of the final plat for the first phase and the approval dates of the final plats of any subsequent phases do not exceed the time limits specified in the phasing plan for the approved preliminary plan.

	b. If a phasing plan for construction of the subdivision is approved, the expiration date of the preliminary plan will be governed by the time periods approved as part of the phasing plan.


	80.080-F Final Plat
	1. Authority to File
	2. Application Filing
	a. Final plats must be filed with the planning division director.
	b. The application for final plat approval must be accompanied by the property owner’s written acknowledgment that all infrastructure and public improvements shown on the preliminary plan must either be installed or covered by an approved performance ...

	3. Planning Division Director Review and Action
	a. Upon receipt of a complete final plat, the planning division director must refer the final plat to affected agencies for review and comment.
	b. After completing review of the final plat and allowing reasonable time for receipt of comments from review agencies, the planning division director must act to approve the final plat, approve the final plat with conditions or deny approval the fina...

	4. Amendments and Modifications
	a. Any substantive change in a condition of approval;
	b. An increase in the number of building lots proposed;
	c. Any substantial change in the location of or any decrease in the amount of open space, buffers, or area reserved for recreation use;
	d. Any substantial change in pedestrian and/or vehicular access or circulation including street classification;
	e. Any change in the provision of services such as water supply and wastewater disposal; or
	f. Any substantial change in the location of utilities or other easements.

	5. Approval Certification
	6. Acceptance of Dedications
	a. Approval of a final plat does not constitute acceptance by the county or any other public agency of an offer of dedication of any streets, sidewalks, parks or other public facilities shown on a plat. However, the county or other public agency may, ...
	b. All facilities and improvements proposed to be dedicated to the public must be maintained by the property owner until the offer of dedication has been officially accepted by the respective public authority. In order to ensure proper maintenance of ...
	c. If the approved final plat includes offers of dedication and the dedication offers have been officially accepted, the planning division director must enter the following certification on the approved record plat:
	d. Recordation of an approved plat with the above signed certification constitutes public acceptance of the dedication, authorizing the use of the dedicated right-of-way, easement, open space, or recreation area for public street access and associated...

	7. Required Certificates and Endorsements
	a. Certificate of Ownership and Dedication
	b. Certificate of Subdivision Type and Survey Accuracy
	c. Street Construction Standards Certificate
	d. Watershed Status Certificates

	8. Plat Recording
	9. Sale of Lots


	Section 80.090 Subdivision Plat Vacations
	80.090-A Authority to File
	1. The owner of a subdivision may vacate a recorded plat at any time before any lot in the subdivision is sold. The plat is vacated when a signed, acknowledged instrument declaring the plat vacated is approved by the planning division director and rec...
	2. If any lots in the subdivision covered by the recorded plat have been sold or built upon, the recorded plat, or any part of the plat, may be vacated upon application of all the owners of lots in the plat.

	80.090-B Recording

	Section 80.100 Master Planned Developments
	80.100-A Overview
	1. A property owner request for rezoning to the MPD zoning district requires review and approval of a conditional zoning map amendment (Section 80.050), which is processed concurrently with an MPD development plan (see §80.100-B).
	2. After approval of the conditional zoning map amendment and MPD development plan, MPD site plan review and approval is required in accordance with the procedures of §80.100-C.
	3. No building permit may be issued and no building or development may occur in a MPD zoning district until a subdivision plat incorporating the provisions of the approved site plan has been approved and filed of record in the office of the register o...

	80.100-B MPD Development Plans
	1. Applicability
	2. Application Filing
	3. Administrator Review
	4. Planning Board Review
	5. Notice of Public Hearing
	6. Board of Commissioners Public Hearing and Final Action
	7. Supplemental Review and Approval Criteria
	a. Whether the proposed master planned development is consistent with the comprehensive plan and any other adopted plans for the subject area;
	b. Whether the MPD development plan complies with the MPD district provisions of Section 20.020;
	c. Whether the development will result in public benefits that equal to or greater than those that would have resulted from development under conventional zoning (non-MPD) regulations; and
	d. Whether appropriate terms and conditions have been imposed on the approval to protect the interests of surrounding property owners and residents, existing and future residents of the MPD and the general public.

	8. Requirement for Filing of Site Plan
	a. An extension of time for filing a site plan
	b. An amendment to the approved MPD development plan; or
	c. Rezoning to another zoning district.

	9. Amendments to Approved MPD Development Plans
	a. Minor Amendments
	(1) The planning board is authorized to approve the following as minor amendments to approved development plans if the planning board determine that substantial compliance is maintained with the approved MPD development plan.
	(a) Any deviation expressly authorized as at the time of MPD development plan approval;
	(b) The addition of customary accessory uses and structures;
	(c) Adjustment of internal development area boundaries, provided the allocation of land to particular uses and the relationship of uses within the project are not substantially altered;
	(d) Limitation or elimination of previously approved uses, provided the character of the development is not substantially altered;
	(e) Modification of the internal circulation system that would not increase points of access from adjacent streets, change access to another street or increase projected traffic volumes;
	(f) Lot splits that modify a recorded plat and that have been reviewed and approved, as required by the subdivision regulations;
	(g) Modifications to approved signage, provided the size, location, number and type of signs is not substantially altered;
	(h) Modification to approved screening and landscaping plans, provided the modification is not a substantial deviation from the original approved plan;
	(i) Changes reducing the number of permitted dwelling units, the amount of nonresidential floor area or the area covered by buildings or paved areas; and
	(j) Reductions in off-street parking or loading by more than 10% or one space, whichever results in a greater reduction.

	(2) Any amendment to a condition of approval imposed by the Board of Commissioners must be reviewed and approved by the Board of Commissioners following the same procedure as required for minor amendments to be considered by the planning board.
	(3) Notice of the planning board’s public meeting on a development plan minor amendment request must be provided by posting notice signs prominently on the subject property at least 10 days before and no more than 25 days before the public meeting.
	(4) If the planning board determines that the proposed MPD development plan amendment, if approved, will result in a significant departure from the approved development plan or otherwise significantly change the character of the subject area or that t...
	(5) An appeal from any MPD development plan minor amendment decision by the planning board may be taken by any person aggrieved. Appeals are made to the Board of Commissioners by filing notice of appeal with the administrator within 10 days of the dat...

	b. Major Amendments


	80.100-C MPD Site Plans
	1. Applicability
	2. Application Filing
	3. Review and Action by Land Use Administrator; Appeals
	a. Unless otherwise required by the Board of Commissioners as a condition of approval of a MPD development plan, the administrator is authorized to review and take action on MPD site plans. The administrator must approve the MPD site plan if it compli...
	b. If the administrator does not approve the site plan, the landowner may either: (1) resubmit the site plan to correct the plan’s inconsistencies and deficiencies, or (2) within 60 days of the date of notice of disapproval, appeal the decision of the...

	4. Effect of Approval

	80.100-D Subdivision Plats
	80.100-E Issuance of Building Permits
	80.100-F Vested Rights

	Section 80.110 Special Uses
	80.110-A Applicability
	1. The table of allowed uses (Table 25-1) identifies certain “special uses” that are allowed only if reviewed and approved in accordance with the special use procedures of this section. Special uses are generally those that have widely varying operati...
	2. The procedures of this section require that the board of adjustment hear factual evidence presented to it at an evidentiary hearing, and then makes findings of fact supported by competent, substantial, and material evidence. Based on those findings...

	80.110-B Authority to File
	80.110-C Preapplication Meeting
	80.110-D Application Filing
	80.110-E Administrator Review
	1. Following receipt of a complete special use application, the administrator must cause a review and analysis of the application to be conducted by qualified representatives and other agencies or officials, as appropriate in light of the proposal and...
	2. The board of adjustment must enter the review and analysis required by this subsection into evidence during the board of adjustment’s public hearing. The analysis must be made available for examination by all interested parties, and the administrat...

	80.110-F Notice of Public Hearing
	a. At least 10 days before and no more than 25 days before the date of the public hearing, notice must be mailed to the applicant, the subject property owner, all owners of property that abut the subject property or are located on the opposite side of...
	b. In addition to mailed notice, notice (signs) must be posted prominently at least 10 days before and no more than 25 days before the required public hearing.

	80.110-G Board of Adjustment Hearing and Final Action
	1. The board of adjustment must review and application for special use approval in a public hearing.
	2. The public hearing must be conducted in accordance with the procedures of this section and provisions of Section 85.030.
	3. After completion of the public hearing, the board of adjustment must take action to approve, approve with conditions or deny the special use application.
	4. The applicant bears the burden of presenting sufficient evidence in support of the application to allow the board of adjustment, after weighing such evidence against that presented in opposition to the application, to make findings of fact that rea...
	5. A motion to approve the application must state the required conclusions and include findings of fact on which the conclusions are based, plus any proposed conditions of approval. A simple majority vote of the board of adjustment is required to pass...
	6. A motion to deny the application must state which of the required conclusions cannot be reached and include findings of fact on which the inability to reach the conclusions is based. An affirmative vote of a simple majority of board of adjustment m...

	80.110-H Findings and Conclusions Required for Approval
	1. The proposed use and development comply with all regulations and standards generally applicable within the zoning district and specifically applicable to the particular type of special use.
	2. The proposed development will not materially endanger the public health or safety. Considerations:
	a. Traffic conditions in the vicinity, including the effect of additional traffic on streets and street intersections, sight lines at street intersections and curb cuts;
	b. Provision of services and utilities, including sewer, water, electrical, garbage collections and fire protection;
	c. Soil erosion and sedimentation; and
	d. Protection of public, community, or private water supplies, including possible adverse effects on surface waters or groundwater.

	3. The proposed development will not substantially injure the value of abutting property, or is a public necessity. Considerations:
	a. The relationship of the proposed use and the character of development to surrounding uses and development, including possible conflicts between them and how these conflicts will be resolved; and
	b. Whether the proposed development is so necessary to the public health, safety, and general welfare of the county as a whole as to justify it regardless of its impact on the value of abutting property.

	4. The proposed development will be in harmony with the area in which it is located. Considerations:
	a. The relationship of the proposed use and the character of development to surrounding uses and development, including possible conflicts between them and how these conflicts will be resolved or mitigated.

	5. The proposed development will be in general conformity with the comprehensive plan.

	80.110-I Notice of Decision
	1. The board’s decision must be signed by the chair or other authorized board member. The decision becomes effective on the date it is filed with the clerk of the board of adjustment.
	2. The clerk of the board of adjustment must send the notice of decision to the applicant, the property owner and all individuals who have filed a written request with the clerk of the board of adjustment before the effective date of the decision. If ...

	80.110-J Scope and Effect of Approval
	1. Transferability
	2. Recording
	3. Violations
	4. Appeals

	80.110-K Amendments and Modifications
	1. Minor Amendments
	a. The administrator is authorized to approve the following minor amendments to approved special uses:
	(1) Any amendments expressly authorized as minor amendments at the time of special use approval; and
	(2) changes to the development site or to structures necessitated by engineering, architectural or physical limitations of the site that could not have been foreseen at the time the special use permit was approved and that are not otherwise classified...

	b. Applications for minor amendments to approved special uses must be filed in a form established by the administrator. If no action is taken on the minor amendment application within 20 days of filing of a complete application, the minor amendment is...

	2. Major Amendments
	a. All of the following constitute major amendments to approved special uses:
	(1) An increase in overall building coverage by more than 1%;
	(2) An increase in building height by more than 1% or 1 foot, whichever is less;
	(3) An increase in residential density or the number of residential units allowed;
	(4) An overall reduction in the amount of common open space or landscaping;
	(5) A reduction in off-street parking by more than 10% or one space, whichever results in a greater reduction;
	(6) A change in the vehicle circulation pattern that would increase points of access, change access to another street or increase projected traffic volumes;
	(7) Any combination of 2 or more minor amendments that were not expressly authorized by the approved conditional zoning district map amendment; and
	(8) Any modification of a condition of approval imposed at the time of approval of the special use application.

	b. Major amendments to an approved special use must be processed as a new special use application, including all requirements for fees, notices and public hearings.


	80.110-L Successive Applications
	1. If the board of adjustment denies a special use permit application or the applicant withdraws the application after the public hearing notice required in §80.110-E2, the administrator may not accept another application for the same or similar use f...
	2. An application for rehearing within the 12-month period following denial of an application, must be accompanied by an affidavit setting forth evidence that significant physical, economic or land use changes have taken place on the subject tract or ...

	80.110-M Lapse of Approval
	1. An approved special use lapses and becomes null and void 12 months after it is granted by the board of adjustment, unless a building permit for the work or improvements authorized has been issued and the project is diligently pursued to completion....
	2. The board of adjustment may extend the expiration period by up to 6 months, at the time of approval of the special use or any time before expiration of the approved special use. Requests for extensions after the special use is approved must be proc...
	3. An approved special use also lapses and becomes null and void upon revocation of a building permit for violations of conditions of approval or upon expiration of the building permit.

	80.110-N Vested Rights

	Section 80.120 Variances
	80.120-A Applicability
	80.120-B Authorized Variances
	1. Allow a use in a zoning district that is not otherwise allowed in that zoning district (i.e., “use variances” are prohibited);
	2. Waive, vary or modify applicable minimum lot-area-per-unit (density) requirements, provided that this provision is not intended to prohibit variances to minimum lot area or width requirements for lots occupied by a single dwelling unit;
	3. Waive, modify or amend any sign regulation of Article 50;
	4. Waive, modify or amend any definition or use category;
	5. Waive, modify or otherwise vary any of the review and approval procedures of this article; or
	6. Waive, vary, modify or otherwise override a condition of approval or requirement imposed by an authorized decision-making body or the state or federal government.

	80.120-C Authority to File
	80.120-D Preapplication Meeting
	80.120-E Application Filing
	80.120-F Notice of Hearing
	1. At least 10 days before and no more than 25 days before the date of the public hearing, notice must be mailed to the applicant, the subject property owner, all owners of property that abut the subject property or are located on the opposite side of...
	2. In addition to mailed notice, notice (signs) must be posted prominently at least 10 days before and no more than 25 days before the required public hearing.

	80.120-G Board of Adjustment Hearing and Final Decision
	1. The board of adjustment must review the variance application in a public hearing.
	2. The public hearing must be conducted in accordance with the procedures of this section and provisions of Section 85.030.
	3. After completion of the public hearing, the board of adjustment must take action to approve, approve with conditions or deny the variance.
	4. The applicant bears the burden of presenting sufficient evidence in support of the application to allow the board of adjustment, after weighing such evidence against that presented in opposition to the application, to make findings of fact that rea...
	5. A motion to approve the application must state the required conclusions and include findings of fact on which the conclusions are based, plus any proposed conditions of approval. A four-fifths majority vote is required to pass such a motion. If mot...

	80.120-H Findings and Conclusions Required for Approval
	1. Strict application of the ordinance will result in an unnecessary hardship, but it is not necessary to conclude that strict application will prevent any reasonable use of the property;
	2.  The hardship of is unique to the subject property, rather than common to neighboring properties or to the general public;
	3. The hardship relates to conditions peculiar to the subject property (e.g., location, size, shape, topography), rather than personal circumstances of the applicant or owner of the subject property;
	4. The hardship is not the result of actions taken by the applicant or subject property owner, although the act of purchasing property knowing that a variance may be needed or required does not constitute a self-created hardship; and
	5. By granting the variance, the spirit of this ordinance will be observed, public safety and welfare will be secured, and substantial justice will be done

	80.120-I Notice of Decision
	1. The board’s decision must signed by the chair or other authorized board member. The decision becomes effective on the date it is filed with the county clerk.
	2. The county clerk must send the notice of decision to the applicant, the property owner and all individuals who have filed a written request with the county clerk before the effective date of the decision. If the application is denied, the notice mu...

	80.120-J Scope and Effect of Approval
	1. Transferability
	2. Recording
	3. Violations

	80.120-K Appeals
	80.120-L Deviations, Modifications and Amendments
	1. The administrator is authorized to approve building permits and other permits and approvals that include insignificant deviations from an approved variance. A deviation is insignificant if the administrator determines that it has no discernible imp...
	2. The administrator is authorized to approve building permits and other permits and approvals that include minor design modifications from an approved variance. Minor design modifications are those that the administrator determines will have no subst...
	3. All requests for changes in approved variance plans that do not constitute insignificant deviations or minor design modifications, as determined by the administrator, must be processed as new applications for a variance.

	80.120-M Successive Applications
	1. If the board of adjustment denies a special use permit application or the applicant withdraws the application after the public hearing notice required in §80.110-E2, the administrator may not accept another application for the same or similar use f...
	2. An application for rehearing within the 12-month period following denial of an application, must be accompanied by an affidavit setting forth evidence that significant physical, economic or land use changes have taken place on the subject tract or ...

	80.120-N Lapse of Approval
	1. An approved variance lapses and becomes null and void 12 months after it is granted by the board of adjustment, unless a building permit for the work or improvements authorized has been issued and the project is diligently pursued to completion. If...
	2. The board of adjustment may extend the expiration period by up to 6 months, at the time of approval of the variance or any time before expiration of the approved variance. Requests for extensions after the variance is approved must be processed in ...
	3. An approved variance also lapses and becomes null and void upon revocation of a building permit for violations of conditions of approval or upon expiration of the building permit.

	80.120-O Vested Rights

	Section 80.130 Appeals of Administrative Decisions
	80.130-A Applicability
	80.130-B Right to Appeal
	80.130-C Filing of Appeal
	1. Complete applications for appeals of administrative decisions must be filed with the county clerk and state the grounds for the appeal.
	2. Appeals must be filed within 30 days of the date that a final, binding administrative decision is delivered in writing by personal delivery, electronic mail, or first-class mail to the person requesting it. When first-class mail is used, 3 days mus...
	3. Any other person with standing to appeal must file an appeal within 30 days of receipt of actual or constructive notice of the decision. It will be conclusively presumed constructive notice of the decision is given when a sign containing the words...

	80.130-D Effect of Filing
	1. The filing of an appeal by a person with standing to appeal stays enforcement of the action appealed from unless the official who made the decision certifies to the board of adjustment, after notice of appeal has been filed, that because of the fac...
	2. If enforcement proceedings are not stayed, the appellant may file with the official a request for an expedited hearing of the appeal, and the board of adjustment must meet to hear the appeal within 15 days after such a request is filed. Notwithstan...
	3. An appeal does not stop action lawfully approved (including construction activities authorized by a building permit); only actions presumed in violation of this ordinance are stayed.

	80.130-E Action by Administrative Official
	80.130-F Notice of Hearing
	1. At least 10 days before and no more than 25 days before the date of the public hearing, notice must be mailed to the appellant, the subject property owner, all owners of property that abut the subject property or are located on the opposite side of...
	2. In addition to mailed notice, notice (signs) must be posted prominently at least 10 days before and no more than 25 days before the required public hearing.

	80.130-G Board of Adjustment Hearing and Final Decision
	1. The board of adjustment must hold a public hearing on the appeal.
	2. The public hearing must be conducted in accordance with the procedures of this section and provisions of Section 85.030.
	3. The board of adjustment may reverse or affirm, wholly or partly, and may modify the decision appealed from and make any order, requirement, decision, or determination that ought to be made. In acting on an appeal, the board of adjustment has all th...
	4. The board of adjustment must determine contested facts and make its decision within a reasonable time. Every decision must be based upon competent, material, and substantial evidence in the record. Each decision must be made writing and reflect the...
	5. A motion to reverse, affirm or modify the order, requirement, decision, or determination appealed from must include, insofar as practicable, a statement of the specific reasons or findings of fact that support the motion.
	6. If a motion to reverse or modify is not made, or fails to receive approval by a simple majority vote of the members, then the appeal must be denied. For the purposes of this subsection, vacant positions on the board of adjustment and members who ar...

	80.130-H Notice of Decision
	1. The board of adjustment’s decision must signed by the chair or other authorized board member. The decision becomes effective on the date it is filed with the county clerk.
	2. The county clerk must send the notice of decision to the appellant, the property owner and all individuals who have filed a written request with the county clerk before the effective date of the decision. This required notice may delivered by perso...

	80.130-I Appeals


	Article 85 | Administration
	Section 85.010 Board of Commissioners
	85.010-A Powers and Duties
	1. Making appointments to the planning board and board of adjustment;
	2. Assigning tasks to the administrator or the planning department staff;
	3. Creating planning and land-use related study committees and appointing persons to such committees; and
	4. Referring matters to the planning board and planning department for study.


	Section 85.020 Planning Board
	85.020-A Appointments and Terms
	1. The Board of Commissioners has created a planning board pursuant to NCGS 153A-321.
	2. The planning board must consist of 7 regular members and 2 alternates, all appointed at large by the Board of Commissioners. All regular and alternate members must reside in Union County, and no more than 2 members may reside in the same municipality.
	3. All regular and alternate members must be appointed for 3-year terms, which must be staggered so that all terms will not expire simultaneously. A member may be appointed for a second successive term, but after 2 consecutive terms a member is inelig...
	4. In cases where an individual is appointed to serve the unexpired portion of a board member’s term, the appointment must be limited to the remainder of the unexpired term. That period does not count as a regular term for that member.
	5. Regular planning board members may be removed by simple majority vote of the planning board at any time for failure to attend 3 consecutive meetings or for failure to attend 30% or more of the meetings within any 12-month period or for any other go...
	6. If a regular or alternate planning board member moves outside the county, that member will be deemed to have resigned from the planning board.
	7. Alternates may sit in lieu of any regular member and, when so seated, have the same powers and duties as any regular planning board member. Alternate members are authorized to vote only in the absence of a regular member.

	85.020-B Meetings
	1. The planning board must establish a regular meeting schedule to ensure expeditious review of matters within its jurisdiction.
	2. The planning board must conduct its meetings so as to obtain necessary information and promote the full and free exchange of ideas.
	3. Minutes must be kept of all planning board proceedings.
	4. All planning board meetings must be open to the public, and whenever feasible the agenda for each meeting must be made available to the public before the meeting.

	85.020-C Quorum and Voting
	1. A quorum of the planning board is necessary for the planning board to take official action.
	2. A quorum of the planning board consists of 4 members (which may include alternate members sitting in lieu of regular members).
	3. A member who has withdrawn from the meeting without being excused in accordance with §85.020-C5 or §85.020-C6 must be counted as present for purposes of determining whether a quorum is present.
	4. Once a planning board member is physically present at a planning board meeting, any subsequent failure to vote will be recorded as an affirmative vote unless the planning board member has been excused from voting in accordance with §85.020-C5 or ha...
	5. A planning board member may be excused from voting on a particular issue by simple majority vote of the remaining members present under the following circumstances:
	a. If the outcome of the matter being considered is reasonably likely to have a direct, substantial, and readily identifiable financial impact on the subject board member;
	b. If the matter at issue involves the planning board member’s own official conduct; or
	c. If a planning board member has such close personal ties to the applicant that the member cannot reasonably be expected to exercise sound judgment in the public interest.

	6. A planning board member may be allowed to withdraw from the remainder of a meeting by simple majority vote of the remaining members present for any good and sufficient reason other than the planning board member’s desire to avoid voting on matters ...
	7. A motion to allow a member to be excused from voting on a matter or to withdraw from the remainder of a meeting is in order only if made by or at the initiative of the subject board member.
	8. A roll call vote must be taken upon the request of any planning board member.

	85.020-D Officers
	1. Each year during the first meeting at which newly appointed members are seated, the planning board must elect a regular member to serve as the chair to preside over planning board meetings and another regular member to serve as vice-chair. The indi...
	2. Vacancies in either the chair or vice chair positions must be filled for the remainder of the unexpired term. If an officer voluntarily resigns before or during a planning board meeting, a new officer election must be held during the next regularly...
	3. All regular and alternate members of the planning board may nominate and vote for officer candidates, but only regular board members may be nominated and elected.
	4. The planning board chair and vice chair may take part in all deliberations and vote on all issues.

	85.020-E Powers and Duties
	1. Make studies and recommend to the Board of Commissioners plans, goals and objectives relating to the growth, development and redevelopment of the county;
	2. Develop and recommend to the Board of Commissioners policies, ordinances, administrative procedures and other means for carrying out plans in a coordinated and efficient manner; and
	3. Adopt rules and regulations governing its procedures and operations not inconsistent with the provisions of this ordinance.

	85.020-F Advisory Committees
	1. The Board of Commissioners is authorized to appoint one or more individuals to assist the planning board in carrying out its responsibilities with respect to a particular subject area. By way of illustration, without limitation, the Board of Commis...
	2. Members of advisory committees may sit as nonvoting members of the planning board when such issues are being considered and lend their talents, energies, and expertise to the planning board. However, formal recommendations to the Board of Commissio...
	3. The planning board may appoint standing or ad hoc subcommittees of its own members to consider particular issues or types of issues and may also appoint ad hoc advisory committees consisting of non-planning board members to assist it in its work.


	Section 85.030 Board of Adjustment
	85.030-A Appointments and Terms
	1. The Board of Commissioners has created a board of adjustment pursuant to NCGS 153A-345.
	2. The board of adjustment must consist of 5 regular members and 2 alternates, all appointed at large by the Board of Commissioners. All regular and alternate members must reside in Union County, and no more than 2 members may reside in the same munic...
	3. All regular and alternate members must be appointed for 3-year terms, which must be staggered so that all terms will not expire simultaneously. A member may be appointed for a second successive term, but after 2 consecutive terms a member is inelig...
	4. In cases where an individual is appointed to serve the unexpired portion of a board member’s term, the appointment must be limited to the remainder of the unexpired term. That period does not count as a regular term for that member.
	5. Regular board of adjustment members may be removed by simple majority vote of the Board of Commissioners at any time for failure to attend 3 consecutive meetings or for failure to attend 30% or more of the meetings within any 12-month period or for...
	6. If a regular or alternate board of adjustment member moves outside the county, that member will be deemed to have resigned from the planning board.
	7. Alternates may sit in lieu of any regular member and, when so seated, have the same powers and duties as any regular board of adjustment member. Alternate members are authorized to vote only in the absence of a regular member.
	8. Within one year of appointment, each new regular and alternate member of the board of adjustment must undergo training pursuant to a course of study approved by the planning division director. Failure to attend such training constitutes grounds for...

	85.030-B Meetings
	1. The board of adjustment must establish a regular meeting schedule to ensure expeditious consideration of matters within its jurisdiction.
	2. The board of adjustment must conduct its hearings in accordance with the quasi-judicial procedures of §85.030-F.
	3. All board of adjustment meetings must be open to the public, and whenever feasible the agenda for each meeting must be made available to the public before the meeting.

	85.030-C Quorum and Voting
	1. A quorum of the board of adjustment is necessary for the board of adjustment to take official action.
	2. A quorum of the board of adjustment consists of 3 members (which may include alternate members sitting in lieu of regular members).
	3. Unless otherwise expressly stated in this ordinance, once a member is physically present at a meeting, they must be considered present for purposes of determining whether a quorum exists unless the member is unable to vote for the reasons stated in...
	4. Once a member is physically present at a board meeting, any subsequent failure to vote must be recorded as an affirmative vote unless the member is unable to vote for the reasons stated in §85.030-C5 or they have been allowed to withdraw from the m...
	5. Members must recuse themselves and not participate in or vote on any quasi-judicial matter in a manner that would violate affected persons’ constitutional rights to an impartial decision-maker. Impermissible conflicts include, but are not limited t...
	6. A board of adjustment member may be allowed to withdraw from the remainder of a meeting by simple majority vote of the remaining members present for any good and sufficient reason other than the board of adjustment member’s desire to avoid voting o...
	7. A roll call vote must be taken upon the request of any board of adjustment member.

	85.030-D Officers
	1. Each year during the first meeting at which newly appointed members are seated, the board of adjustment must elect a regular member to serve as the chair to preside over planning board meetings and another regular member to serve as vice-chair. The...
	2. Vacancies in either the chair or vice chair positions must be filled for the remainder of the unexpired term. If an officer voluntarily resigns before or during a board of adjustment meeting, a new officer election must be held during the next regu...
	3. All regular and alternate members of the board of adjustment may nominate and vote for officer candidates, but only regular board members may be nominated and elected.
	4. The board of adjustment chair and vice chair may take part in all deliberations and vote on all issues.

	85.030-E Powers and Duties
	85.030-F Quasi-Judicial Role
	1. The board of adjustment acts in a quasi-judicial capacity. However, it is not intended that its proceedings be conducted as formally as those before the courts.
	2. The chair of the board of adjustment, any member temporarily acting as chair or the clerk of the board of adjustment must administer oaths to all witnesses and make rulings necessary to preserve fairness, order, or proper decorum in any matter befo...
	3. Any member of the board of adjustment or any interested party may object to, and the chair may exclude, any evidence, testimony, or statement that is deemed incompetent, irrelevant, immaterial, or unduly repetitious and therefore fails to reasonabl...
	4. All interested parties have a right to know all the evidence being considered as part of the board of adjustment’s decision. Hence, the board of adjustment may consider only evidence presented at the evidentiary hearing on the application, and it i...
	5. Decisions of the board of adjustment must be based solely on evidence that is properly in the hearing record, and written findings of fact must be prepared and supported by competent, substantial and material evidence.
	6. Written decisions of the board of adjustment must be signed by the chair or other duly authorized member. The decision must be delivered to the applicant, the property owner, and any other person who before the effective date of the decision submit...
	7. Board of adjustment decisions become effective on the date the decision is filed with the administrator.

	85.030-G Evidence and Testimony
	1. Interested Parties
	a. Any interested party may present evidence or testimony, cross-examine witnesses, inspect documents, and offer evidence or testimony in explanation or rebuttal.
	b. Any member of the board of adjustment may question any interested party.
	c. Persons other than interested parties may make competent, relevant, and material comments.

	2. Subpoenas
	a. The board of adjustment may subpoena witnesses and compel the production of evidence. Persons with standing under NCGS 160A-939 (d), may request a subpoena by making a written request to the chair explaining why it is necessary for certain witnesse...
	b. The chair is authorized to rule on any motion to quash or modify a subpoena. Decisions regarding subpoenas made by the chair may be appealed to the full board of adjustment.
	c. If a person fails or refuses to obey a subpoena issued pursuant to this subsection, the board of adjustment or other party requesting the subpoena may apply to the general court of justice for an order requiring that its order be obeyed, and the co...
	d. No testimony of any witness before the board of adjustment, pursuant to a subpoena issued in exercise of the power conferred by this subsection, may be used against the witness in any civil or criminal action, other than a prosecution for false tes...
	e. Anyone who, while under oath during a proceeding before the board of adjustment, willfully offers false testimony, is guilty of a class 1 misdemeanor.



	Section 85.040 Executive Director, Planning Division Director and Administrator
	85.040-A Executive Director
	85.040-B Planning Division Director
	85.040-C Administrator

	Section 85.050 Technical Review Committee
	85.050-A Establishment
	85.050-B Composition
	85.050-C Powers and Duties


	Article 90 | Nonconformities
	Section 90.010 General
	90.010-A Scope
	90.010-B Intent
	1. Occasionally, lots, uses, and structures that were lawfully established (i.e., in compliance with all regulations in effect at the time of their establishment) have been made nonconforming because of changes in the regulations that apply to the sub...
	a. Recognize the interests of landowners in continuing to use their property for uses and activities that were lawfully established;
	b. Promote maintenance, reuse and rehabilitation of existing buildings; and
	c. Place reasonable limits on nonconformities that have the potential to adversely affect surrounding properties.

	2. The regulations recognize that buildings and structures have a long useful life and allowing their continued occupancy and modernization can be more desirable than requiring them to remain vacant if they cannot be converted to conforming uses.

	90.010-C Authority to Continue
	90.010-D Determination of Nonconformity Status
	1. The burden of proving that a nonconformity exists (as opposed to a violation of this ordinance) rests entirely with the subject owner.
	2. The administrator is authorized to determine whether adequate proof of nonconforming status has been provided by the subject owner.
	3. Building permits, lawfully recorded plats, aerial photography owned by the county and other official government records that indicate lawful establishment of the use, lot or structure constitute conclusive evidence of nonconforming status. If such ...
	a. Professional registrations or licenses;
	b. Utility billing records;
	c. Leasing records;
	d. Advertisements in dated publications;
	e. Listings in telephone or business directories; and
	f. Notarized affidavits affirming the date of lawful establishment of the use, lot or structure.

	4. The administrator’s determination of nonconforming status may be appealed in accordance with Section 80.130.

	90.010-E Repairs and Maintenance
	1. Nonconformities must be maintained to be safe and in good repair.
	2. Repairs and normal maintenance necessary to keep a nonconformity in sound condition are encouraged and permitted unless the work increases the extent of the nonconformity or is otherwise expressly prohibited by this ordinance.
	3. Nothing in this article is intended to prevent nonconformities from being structurally strengthened or restored to a safe condition in accordance with an order from a duly authorized order of a public official.

	90.010-F Change of Tenancy or Ownership

	Section 90.020 Nonconforming Lots
	90.020-A Description
	90.020-B Use of Nonconforming Lots
	1. R Districts
	2. All Other Districts

	90.020-C Lot and Building Regulations
	1. Development on all nonconforming lots must comply with applicable lot and building regulations of the subject zoning district except as expressly stated in §90.020-B.
	2. Nonconforming lots may not be adjusted in size or shape to increase the extent of nonconformity for lot area, lot frontage, setbacks or other applicable lot and building regulations. Lot area or shape adjustments that decrease the extent of nonconf...

	90.020-D Effect of Public Acquisition

	Section 90.030 Nonconforming Structures
	90.030-A Description
	90.030-B General
	90.030-C Alterations and Expansions
	90.030-D Use
	90.030-E Moving
	90.030-F Loss of Nonconforming Status
	1. When a nonconforming structure is destroyed or damaged by acts of God or accidental fire, the structure may be restored or repaired, provided that no new nonconformities are created and that the existing extent of nonconformity is not increased. A ...
	2. When a nonconforming structure is demolished, damaged or destroyed by causes within the control of the owner and the cost of renovation, repair or replacement (based on the fair market value of all materials and services) is more than 50% of the ap...


	Section 90.040 Nonconforming Uses
	90.040-A Description
	90.040-B Change of Use
	90.040-C Enlargements and Expansions
	90.040-D Remodeling and Improvements
	90.040-E Moving
	90.040-F Loss of Nonconforming Status
	1. Abandonment
	a. Once a nonconforming use is abandoned, its nonconforming status is lost and any new, replacement use must comply with the regulations of the zoning district in which it is located.
	b. A nonconforming use is presumed abandoned when the use is discontinued or ceases for a continuous period of 6 months or more.
	c. Any period of discontinuance caused by acts of God or accidental fire is not counted in calculating the length of discontinuance.
	d. For purposes of determining whether a right to continue a nonconforming situation is lost pursuant to this section, all of the uses, activities and operations maintained on the lot are generally to be considered as a whole. For example, the failure...

	2. Damage or Destruction
	a. When a building containing a nonconforming use is destroyed or damaged by acts of God or accidental fire, the building may be restored or repaired and the nonconforming use may be re-established, provided that no new nonconformities are created and...
	b. When a building containing a nonconforming use is demolished, damaged or destroyed by causes within the control of the owner and the extent of demolition, damage or destruction is more than 50% of the market value of the structure, as determined by...


	90.040-G Accessory Uses

	Section 90.050 Nonconforming Development Features
	90.050-A Description
	90.050-B General

	Section 90.060 Nonconforming Signs

	Article 95 | Violations, Penalties and Enforcement
	Section 95.010 General
	95.010-A Responsibility for Enforcement
	95.010-B Responsibility for Violations
	1. Any owner of property on which a violation of this ordinance occurs;
	2. Any architect, engineer, builder, contractor, agent, or any other person who participates in, assists, directs, creates, or maintains a situation that constitutes a violation of this ordinance; and
	3. Any tenant or occupant who has control over, or responsibility for, its use or development.

	95.010-C Violations
	1. Use land or buildings inconsistent with the requirements of this ordinance;
	2. Erect a building or structure inconsistent with the requirements of this ordinance;
	3. Develop or subdivide land inconsistent with the regulations of this ordinance;
	4. Subdivide, transfer or sell land by reference to a subdivision plat unless the subdivision has been determined to be exempt in accordance with Section 80.060 or has been approved and recorded in accordance with Section 80.070 or Section 80.080 (the...
	5. Record a plat of any subdivision unless the plat has been approved in accordance with the applicable procedures of Article 80;
	6. Install or use a sign inconsistent with the requirements of Section 80.070 or Section 80.080;
	7. Engage in the use of a building or land, the use or installation of a sign, the subdivision or development of land or any other activity requiring one or more permits or approvals under this ordinance without obtaining all required permits or appro...
	8. Engage in the use of a building or land, the use or installation of a sign, the subdivision or development of land or any other activity requiring one or more permits under this ordinance in any way inconsistent with any such permit or approval or ...
	9. Violate the terms of any permit or approval granted under this ordinance or any condition imposed on such permit or approval;
	10. Obscure, obstruct or destroy any notice required to be posted or otherwise given under this ordinance;
	11. Violate any lawful order issued under this ordinance; or
	12. Continue any violation of this ordinance.


	Section 95.020 Penalties, Remedies and Enforcement Powers
	95.020-A Permit Denial
	95.020-B Permit Revocation
	95.020-C Fines and Civil Penalties
	1. Violations of the provisions of this ordinance or failure to comply with any of its requirements, including violations of any conditions of approval, constitute a misdemeanor, punishable by a fine of up to $500 or a maximum 30 days imprisonment as ...
	2. Any act constituting a violation of the provisions of this ordinance or a failure to comply with any of its requirements, including violations of any conditions of approval, are subject to the following penalties:
	a. Warning Citation –Violation Must be Corrected Within 10 days
	b. First Citation – Fine of $50.00
	c. Second Citation – Fine of $200.00
	d. Third and Subsequent Citations For Same Offense – Fine of $500.00

	3. Each day’s continuing violation is a separate and distinct offense.
	4. If the offender fails to pay the required fine within 10 days after being cited for a violation, the penalty may be recovered by the county in a civil action in the nature of debt. A civil penalty may not be appealed to the board of adjustment if t...

	95.020-D Criminal Penalty
	95.020-E Injunction and Abatement Order
	95.020-F Forfeiture and Confiscation of Signs
	95.020-G Other Equitable Relief

	Section 95.030 Enforcement Procedures
	95.030-A Investigation
	95.030-B Written Notice
	1. If the administrator finds that any provision of this ordinance is being violated, the administrator must notify the responsible parties in person or by certified mail, return receipt requested. If the certified notice is returned, refused or uncla...
	2. The final written notice (which may be the initial written notice) must state what action the administrator intends to take if the violation is not corrected and indicate that the administrator's decision or order may be appealed to the board of ad...

	95.030-C Extension of Time Limit to Correct Violation
	95.030-D Enforcement Action after Time Limit to Correct Violation
	95.030-E Emergency Enforcement without Notice


	Article 100 | Measurements
	Section 100.010 Lot Area
	100.010-A when the legal instrument creating a lot shows the boundary of the lot extending into a public street right-of-way, then the lot boundary for purposes of computing the lot area is the street right-of-way line, or if the right-of-way line can...
	100.010-B in an R district, when a private street that serves more than 3 dwelling units is located along any lot boundary, then the lot boundary for purposes of computing the lot area will be deemed to be the inside boundary of the traveled portion o...

	Section 100.020 Lot Area per Unit
	Section 100.030 Lot Width
	Section 100.040 Street Frontage
	Section 100.050 Setbacks
	100.050-A Measurement
	1. Street setbacks are measured from the planned right-of-way line that abuts a street, based on the transportation plan. If the street right-of-way line is readily determinable (by reference to a recorded map, set irons, or other means), the street s...
	2. Side (interior) setbacks are measured from a side lot line that does not abut a street.
	3. Rear setbacks are measured from the rear lot line. On double-frontage lots, street setbacks apply from both opposing lot lines that abut the street, Rear setback standards do not apply.
	4. The purposes of setback regulations and measurements, the term "building" includes any substantial structure that by nature of its size, scale, dimensions, bulk, or use tends to constitute a visual obstruction or generate activity similar to that u...
	a. Gas pumps, overhead canopies or roofs are subject to a minimum 20-foot street setback, with no variances allowed. Where an addition, replacement, or new canopy is proposed to cover existing gas pumps a minimum street setback of 5 feet is required. ...
	b. Opaque or substantially opaque fences exceeding 6 feet in height that are located in street yard areas.


	100.050-B Permitted Obstructions
	100.050-C Contextual Setbacks
	1. If one or more of the lots required to be included in the averaging calculation is vacant, that vacant lot will be deemed to have a street yard depth equal to the minimum street setback requirement of the subject zoning district.
	2. Lots with frontage on a different street than the subject lot or that are separated from the subject lot by a street or alley may not be used in computing the average.
	3. When the subject lot is a corner lot, the average street yard depth will be computed on the basis of the nearest 2 lots with frontage on the same street as the subject lot.
	4. When the subject lot abuts a corner lot with frontage on the same street, the average front yard depth will be computed on the basis of the abutting corner lot and the nearest 2 lots with frontage on the same street as the subject lot.
	5. These contextual setback provisions may not be used to reduce the setback of a street-facing garage door to less than 20 feet.


	Section 100.060 Impervious Coverage
	Section 100.070 Building Height
	100.070-A Measurement
	100.070-B  Exceptions
	1. General
	a. Antennas and towers, but subject to any height limits expressly established for antennas or towers;
	b. Chimneys;
	c. Parapet walls;
	d. Skylights;
	e. Steeples;
	f. Flag poles;
	g. Smokestacks;
	h. Elevator bulkheads;
	i. Monuments;
	j. Water towers;
	k. Ornamental towers and spires;
	l. Mechanical appurtenances or penthouses to house mechanical appurtenances; and
	m. Power plants and electric substations

	2. Solar Energy Systems



	Article 105 | Definitions
	Section 105.010 General
	Section 105.020 Terms Beginning with “A”
	Section 105.030 Terms Beginning with “B”
	1. Non-structural BMPs. Non-engineered methods to reduce stormwater runoff peak and volume and non-point source pollution. These may include land-use controls and vegetated buffers.
	2. Structural BMPs. Engineered structures that are designed to reduce the delivery of stormwater runoff peak, volume, and pollutants to the receiving stream. These may include wet detention ponds, detention basins, retention basins, wetlands, grass sw...

	Section 105.040 Terms Beginning with “C”
	Section 105.050 Terms Beginning with “D”
	1. For purposes of administering and interpreting the Water Supply Watershed Overlay district regulations of Section 15.030, “development” means any land-disturbing activity that adds to or changes the amount of impervious or partially impervious cove...
	2. For the purpose of administering and interpreting the flood damage protection regulations of Article 65, “development” means any man-made change to improved or unimproved real estate, including, but not limited to, buildings or other structures, mi...
	3. For purposes of administering and interpreting other regulations of this ordinance, “development” means any activity carried pursuant to a permit required by this ordinance.

	Section 105.060 Terms Beginning with “E”
	Section 105.070 Terms Beginning with “F”
	Section 105.080 Terms Beginning with “G”
	Section 105.090 Terms Beginning with “H”
	1. listed individually in the National Register of Historic Places (a listing maintained by the U.S. Department of Interior) or preliminarily determined by the Secretary of Interior as meeting the requirements for individual listing on the National Re...
	2. certified or preliminarily determined by the Secretary of Interior as contributing to the historical significance of a registered historic district or a district preliminarily determined by the Secretary to qualify as a registered historic district;
	3. individually listed on a local inventory of historic landmarks in communities with a “Certified Local Government” (CLG) Program; or
	4. certified as contributing to the historical significance of a historic district designated by a community with a “Certified Local Government” (CLG (Note: Certified Local Government (CLG) Programs are approved by the U.S. Department of the Interior ...

	Section 105.100 Terms Beginning with “I”
	Section 105.110 Terms Beginning with “J”
	Section 105.120  Terms Beginning with “K”
	Section 105.130 Terms Beginning with “L”
	Section 105.140 Terms Beginning with “M”
	Section 105.150 Terms Beginning with “N”
	Section 105.160 Terms Beginning with “O”
	Section 105.170 Terms Beginning with “P”
	Section 105.180 Terms Beginning with “Q”
	Section 105.190 Terms Beginning with “R”
	1. Built on a single chassis;
	2. 400 square feet or less when measured at the largest horizontal projection;
	3. Designed to be self-propelled or permanently towable by a light duty truck; and
	4. Designed primarily not for use as a permanent dwelling, but as temporary living quarters for recreational, camping, travel, or seasonal use.

	Section 105.200 Terms Beginning with “S”
	1. Are filled with neon or some other gas that glows when an electric current passes through it, and
	2. Are intended to form or constitute all or part of the message of the sign, rather than merely providing illumination to other parts of the sign that contain the message, are also considered internally illuminated signs.
	3. Increases the existing vertical height of the wireless support structure by (a) more than 10%, or the height of one additional antenna array with separation from the nearest existing antenna not to exceed 20 feet, whichever is greater;
	4. Adds an appurtenance to the body of a wireless support structure that protrudes horizontally from the edge of the wireless support structure more than 20 feet, or more than the width of the wireless support structure at the level of the appurtenanc...
	5. Increases the square footage of the existing equipment compound by more than 2,500 square feet.

	Section 105.210 Terms Beginning with “T”
	1. Is located on the same lot as a residence made uninhabitable by fire, flood, or other natural disaster and occupied by the persons displaced by such disaster;
	2. Is located on the same lot as a residence that is under construction or undergoing substantial repairs or reconstruction and occupied by the persons intending to live in such permanent residence when the work is completed; or
	3. Is located on a nonresidential construction site and occupied by persons having construction or security responsibilities over such construction site.

	Section 105.220 Terms Beginning with “U”
	Section 105.230 Terms Beginning with “V”
	Section 105.240 Terms Beginning with “W”
	Section 105.250 Terms Beginning with “X”
	Section 105.260 Terms Beginning with “Y”
	Section 105.270 Terms Beginning with “Z”
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