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1) Executive Summary 
Tick Creek is a subwatershed of the Rocky River in Chatham County.   Tick Creek is about 10 miles 

long and flows into the Rocky River.  The land around Tick Creek is used for farming.  Tick Creek is  

included on NC DWQ’s  list of impaired waters (i.e., 303(d) list), meaning Tick Creek does not meet  

its designated use of supporting aquatic life.  In 2008, a Tick Creek Watershed Group was formed to 

work on restoring Tick Creek, coordinate information and leverage efforts in the Rocky River 

watershed.  The group was started using a 2008 EPA 319 grant titled “Collaborative restoration and 

protection of high quality resources in Tick Creek and Rocky River watersheds”.  The project used 

the NC Ecosystem Enhancement Program 2005 report of the area watersheds as a stepping off 

point.   Participating groups included  NCSU as project coordinator (Watershed Education for 

Communities and Officials,  and Dept. Biological and Agricultural Engineering, College of Natural 

Resources), Rocky River Heritage Foundation, Friends of the Rocky River, Chatham County Soil and 

Water Conservation District, Triangle Land Conservancy, Chatham County Environmental Services, 

Chatham County Cooperative Extension Center, Chatham Conservation Partners, NC Division of 

Water Quality.   

Based on a land use analysis and an assessment conducted previously by NCEEP, a biological taxa 

inventory, and  a GIS analysis of subwatersheds, the Tick Creek watershed project team completed 

a strategic action plan for improving water quality.  The highest priority strategy identified is to 

implement agricultural riparian Best Management Practice (BMP) systems that include fencing 

cattle out of the stream and tributaries (including providing alternative watering stream crossings) 

and restoring riparian buffers.  While Chatham County has a high level of farmer participation in 

BMPs,  few riparian BMPs have been located within Tick Creek watershed.  Future efforts should 

make more directed efforts to engage agricultural landowners in helping to determine best ways to 

meet their interests and to identify potential project locations within the Tick Creek Watershed.  In 

addition to improving water quality through riparian BMPs, conservation of strategic tracts of land 

is needed to protect and improve the status of rare species that live within Tick Creek and its 

tributaries.  As all of these projects require voluntary participation of landowners, additional 

outreach and engagement is necessary.    

2) Introduction to Tick Creek and Overview 
Tick Creek is a subwatershed of the Rocky River in Chatham County.   Tick Creek is about 10 miles 

long and flows into the Rocky River.  The land around Tick Creek is used mostly for farming.  Tick 

Creek is classified by DWQ as Class C waters, meaning it should support aquatic life propagation 

and maintenance of biological integrity.  Class C is the minimum designation standard for all 

freshwaters in North Carolina. Due to a Fair fish community rating, Tick Creek was included on NC 

DWQ’s 2004 list of impaired waters (i.e., 303(d) list), meaning Tick Creek does not meet  its 

designated use of supporting aquatic life.  Tick Creek remains on the DWQ’s most recent 2008 list of 

impaired waters.  
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a) Overview of Tick Creek efforts 
The NC Ecosystem Enhancement Program (EEP), a non-regulatory program within the NC 

Department of Environment and Natural Resources, sponsored a Local Watershed Plan (LWP) in 

2004 in the Rocky River watershed that includes Tick Creek.  The purpose of the planning process 

was to assess the health of the Rocky River and its tributaries, develop protection and improvement 

recommendations for the LWP area, and identify watershed protection and restoration projects.  

Watershed assessments included stream monitoring of water quality and biology by NC Division of 

Water Quality.  Final recommendations are reflected in a “Targeting of Management Report” 

produced by Tetra Tech, Inc., a technical consultant to the project.   EEP’s documents are posted on 

the Tick Creek /Rocky River project website at www.ncsu.edu/weco/rocky 

EEP selected the Upper Rocky River watersheds, including Tick Creek, as high-priority areas for 

planning due to documented water quality and aquatic habitat problems in selected stream 

segments, and ongoing threats to local watershed health which may be attributed to impacts from 

urban/suburban development, clearing of riparian buffers, agricultural activities and or other 

nonpoint sources.  The Rocky River LWP area is a part of the upper Cape Fear River Basin 

encompassing three 14-digit hydrologic units and totaling an area of about 177 square miles.  The 

three hydrologic units are the Upper Rocky River, the Middle Rocky River, and Bear Creek. The 

study area comprises a portion of the upper Rocky River main stem and its tributaries which 

include  North Prong Rocky River, Greenbrier Creek, Nick Creek, Loves Creek, Varnell Creek, 

Meadow Creek, Tick Creek, and Bear Creek.  Approximately 90 percent of the study area, including 

Tick Creek, is located in western Chatham County. 

In 2008, a Tick Creek Watershed Group was formed to work on restoring Tick Creek and 

coordinating information and leveraging efforts in the Rocky River watershed.  While some 

partners originally wanted to focus planning efforts on the entire Rocky River, interviews with 

stakeholders during a situation assessment revealed that most people wanted to work 

collaboratively on a smaller and more manageable project, such as Tick Creek.    The group was 

started using a 2008 EPA 319 grant titled “Collaborative restoration and protection of high quality 

resources in Tick Creek and Rocky River watersheds”.  The project used the NC Ecosystem 

Enhancement Program 2005 report of the area watersheds as a stepping off point.   Participating 

groups are listed below. 

Project partners:  (List in alphabetical order) NCSU as project coordinator (Watershed Education 

for Communities and Officials,  and Dept. Biological and Agricultural Engineering, College of Natural 

Resources), Rocky River Heritage Foundation, Friends of the Rocky River, Chatham County Soil and 

Water Conservation District, Triangle Land Conservancy, Chatham County Environmental Services, 

Chatham County Cooperative Extension Center, Chatham Conservation Partners, NC Division of 

Water Quality.  Many of the project partners work independently on education and outreach, and 

on projects that improve water quality in Tick Creek, the Rocky River, and other waters in Chatham 

County.  This project gave them the opportunity to share their work, and to obtain feedback from 

each other on how to more effectively achieve their individual objectives. 
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Additional Technical assistance during the project was provided by: 

Alderman Environmental Services, Inc. 
Biocenosis, Inc. 
Chatham County Environmental Resources 
NC Division of Forest Resources 
NC Wildlife Resources Commission 
NC Division of Water Quality 
NC State University College of Natural Resources 
RJG&A 
 

3) Rocky River/Tick Creek Situation Assessment 
The first activity of the grant coordinators (WECO) was to conduct a situation assessment.  The 

project proposed convening a collaborative Rocky River watershed management effort , while 

focusing restoration efforts on Tick Creek, a major tributary within the Rocky River watershed that 

is rated as impaired by the State and Federal governments.  WECO conducted the situation 

assessment to determine whether a collaborative process might benefit the situation, and to 

identify stakeholders and issues of importance to stakeholders.   This involved interviewing 

stakeholders who represented a range of interests in the Rocky River watershed.  The biggest take 

home message: people wanted to work together on a smaller sized “bite” than the Rocky River, in 

order to build good will and create collaborative success stories.   

The resulting Situation Assessment Report is online at the project website. Following is a summary 

of the report. 

Issues of concern raised by those interviewed included protecting endangered and threatened 

aquatic species, reducing nitrogen pollution in the Rocky River from a variety of urban and rural 

sources, impacts of seasonal and drought induced low flows in the Rocky and its tributaries, 

ensuring adequate drinking water supply and quality, public access  to the river for recreation, 

maintaining agricultural uses and minimizing impacts to water resources, supporting economic 

development and viability of businesses,  conflict over Siler City’s wastewater treatment plant 

permit, and deep-rooted conflict across sectors of Chatham County. 

A geographic disconnect between upstream and downstream users (in this case Western and 

Eastern Chatham County) was found to be compounded by a focus on positions that prevented 

some stakeholders from communicating productively enough to understand each other’s interests.  

Understanding other stakeholders’ interests is the basis for collaborative problem-solving.  Despite 

this disconnect, stakeholders across the various interests and geography almost unanimously 

wanted to hold a conversation so they could find common ground to work on together.   We believe 

that common ground is possible, in particular because all stakeholders interviewed were 

contributing in some manner towards protection of water resources, and were interested in 

discussions. 
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WECO recommended using this EPA-funded project to provide opportunities for increased 

communication and understanding of each others issues.  This included forming a collaborative 

effort focused on protecting and restoring the Tick Creek watershed, setting the possibility of a 

Rocky River level collaborative effort on hold while focusing on smaller, more manageable 

outcomes.  Specific recommendations for this project were included in the following categories: 1) 

facilitate communication and education; 2) engage in join fact-finding; 3) convene a Tick Creek 

collaborative effort; 4) reframe the issues around the Rocky River, and 5) meet participant needs 

through principled negotiation.   

 

4) Goals and action plan for Tick Creek: Logic model and management 

objectives  
A number of activities provided information that was used by the partnership to create a vision 

for Tick Creek watershed with goals (outcomes) and objectives.  These included: 

1. The EPA project team responded to the following questions regarding the Rocky River 

watershed & Tick Creek watersheds at a kick-off meeting . The group also came up with 

some strategies for working towards outcomes. 

 What are the ultimate outcomes that we need? 

 What are the threats to achieving each of those? 

 What are the assets to help us achieve each? 

2. The Situation Assessment involved interviews with twenty eight (28) stakeholders 

representing a cross‐section of interests including residents, developers, businesses, 

non‐profits, and government staff.  Feedback from stakeholders helped develop the 

goals for this project. 

3. The Tick Creek watershed group met in September 2009 to review and clarify the 

proposed goals, objectives, and strategies. 

The resulting document is called a “logic model”.  A logic model is the basis for a strategic plan.  

This helps to ensure that actions taken by the partnership will lead towards the agreed-upon 

outcomes by the group.  The logic model for this project is a dynamic document that can and 

will change as new information is gathered. 
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a) Logic Model for Tick Creek and Rocky River (Tick Creek highlighted) 

Outcomes Med-term outcomes Objectives 

Wildlife habitat protected for  

aquatic & terrestrial species 

Riparian corridors protected/restored Natural areas that provide water  

quality benefits are protected 

Water quality supports good benthic 

macro-invertebrate diversity & fish 

diversity (Tick Creek off 303(d) list of 

impaired waters)  

Water quality protected for aquatic 

species (reduce sediment, other 

parameters as needed)  

Landowners use best management 

practices (BMPs) for agriculture and 

development (including cattle 

exclusion, low impact development) 

  

  Implement stream stabilization & 

restoration, wetland restoration 

projects 

Farm & cultural heritage protected 

Agricultural and forestry land 

preserved 

  

  

Agricultural and silviculture businesses 

are viable 

Urban & industrial landowners 

maintain septic systems & manage 

stormwater runoff 

  

Agritourism is promoted Local markets for agricultural 

 products supported 

Water quantity needs are met 
Drinking water supplies are adequate Increased water conservation 

  

Irrigation, livestock, & business water 

supply needs are met 

Water supply for irrigation & livestock 

available 

  Base flows are increased   

Recreation and learning 

opportunities created 

Create public park on Rocky River.   

  Reduced algal blooms in Tick & Rocky   

Ecotourism is thriving Hiking and birding trails along river   
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The  group agreed upon the logic model and over several meetings reviewed existing and new data, 

(see data collection and analysis) and developed strategies for achieving the objectives  for Tick 

Creek.  These strategies were put into the Tick Creek Management Action Plan table, with potential 

funding sources identified. 
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b) Tick Creek Watershed Management Action Plan 
Objective (bold= priority) Includes Sources of funds and cost share Action Items (blue italics has been completed) 

1) Maintain in forestland or 
agricultural land 

 Conservation easements 

 Fee simple purchase of lands 

 Forest Management Plans 

 Triangle Land Conservancy 

 NC Clean Water Management Trust Fund 

 Forest Development Program-Reforestation 
cost-share.  Requires Forest Mgt Plan. 

 USDA FS Community Forest Program (new 
2011).  Helps buy forests > 5 acres, 50% cost 
share. 

 Determine priority areas to target  

 Work with CCP and TLC to incorporate into 
Rocky River and Chatham County conservation 
plans 

 In 2011, TLC closed the Robinson easement 
protecting several thousand feet of Evan's 
Creek and unnamed tributaries toTick Creek. 

2) Install riparian BMP systems 
 
 

 Cattle exclusion 

 Alternate water source 

 Heavy use area protection 

 Stream crossing 

 EPA 319 funds 

 NC Agricultural Cost Share funds  

 NRCS Conservation Innovation grants (50% 
cost share required) 

http://www.nc.nrcs.usda.gov/programs/cig/ 

 Install highly visible cattle exclusion 
demonstration project (2 completed by SWCD) 

 Determine priority areas to target  

 Approach landowners in target areas  

3) Restore riparian buffers 
 Conservation easements 

 Removing invasive plants and 
planting natives 

 CREP 

 NC Ag Cost Share funds 
 

 Determine priority areas to target  

 Approach landowners in target areas  

 
4) Implement stream 

stabilization or restoration 

 Channel stabilization 

 Buffer planting 

 Stream restoration 

 EPA 319 funds 

 NRCS EQUIP funds- State decision 

 NRCS Conservation Innovation grants 

 Install demonstration project  (done by NCSU) 

 Determine priority areas to target  

 Approach landowners in target areas 

5) Implement upland BMP 
systems 

 

 Pasture mgt 

 Cropland mgt 

 Nutrient mgt 

 Waste & mortality mgt 

 NC Ag Cost share funds 

 NRCW EQUIP-State decision 

 NRCS Innovative grants 

 Determine priority areas to target based on 
geodatabase results and discussions with 
Extension agents 

 
6) Convert forestland to 

hardwoods 
 

 Provide educational information 
on benefits of hardwoods/mixed 
stand forests to landowners 

 Forest Management Plans 

 Forest Development Program-Reforestation 
40%  cost-share.  Forest Mgt Plan required.  
60% cost share for hardwoods and longleaf 
pine. 

 Print and distribute Woodland Owner Notes 
fact sheet  

7) Augment mussel 
populations 

 
 

 A demonstration project is 
viable when water quality 
improves 

 USFWS 5 Star Partner Grants  Water quality must be improved before an 
augmentation project is undertaken 

 
8) Reduce stormwater runoff 

from developed areas 
 

 Urban stormwater BMP retrofits 

 New development uses BMPs 

 EPA 319 funds 

 SWCD CCAP funds 

 Identify business & industry parcels, contact  

 Install demonstration project (done by NCSU)- 
NC Arts Incubator stormwater retrofit 

 Work with Siler City, Chatham Co. on policies 
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C.) Costs of management Scenarios  
Tetra Tech, Inc. estimated costs of management scenarios for NC Ecosystem Enhancement Program’s Upper Rocky River LWP.  These 

tables were derived from the Detailed Assessment and Targeting of Management Report (2005). 

Table: Implementation Unit Costs for Riparian BMP Systems 

Table: Estimate of Production Unit Cost for Off-stream watering 

BMP’s 

Description Units Unit Price 
Paddock Fencing  

 Fence  
 Energizer  
 Gate 

 
feet  
unit  
units 

 
$2.00 
$500.00 
$100.00 

Water Development  
 Well 
 Pump and Well Head 

Protection  
 Pipe  
 Gravel  
 Pad  
 Geotextile Cloth  
 Tank and Trough 

System 

 
 each 
 each 
 feet 
 ton 
 square feet 
 each 

 
$4,000.00 
$1,333.00 
$1.50 
$12.00 
$0.22 
$100.00 

Stream Crossing 
 Fence 
 Geotextile cloth 
 Stone 

 
 Feet 
 Square feet 
 tons 

 
$2.00 
$0.22 
$12.00 

Grazing BMP Per acre $669.95 
Nutrient Management Per acre $10.00 
Total BMP Cost Per acre $689.95 

 

 

Passive Restoration: Cattle Exclusion Only 
Exclusion Fencing $2.00 Per foot of stream 
Total $2.00 Per foot of stream 
Local Stabilization 
Construction and design* $12.00 Per foot of stream 
Exclusion Fencing $2.00 Per foot of stream 
Total $14.00 Per foot of stream 
Stream Restoration 
Construction and design** $120.00 Per foot of stream 
Exclusion Fencing $2.00 Per foot of stream 
Total $14.00 Per foot of stream 
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a) Actions completed  
 

Several of the action items identified in the Watershed Management Action Plan have been completed 

by watershed partners as of May 2012, and noted in the action plan.  In particular, 4  best management 

practices (BMPs) were completed to address rural solutions and urban solutions, and several  

Agricultural BMP systems:   

A stream stabilization was completed at the Harris Farm using the EPA319 grant.   Two cattle 

exclusion projects in the watershed were completed by Chatham SWCD. 

Land conserved:  Triangle Land Conservancy closed on two conservation easements, protecting 

374 acres in the Rocky River watershed.  The Robinson property protects several thousand feet 

of Evan's Creek and unnamed tributaries that empty into Tick Creek. New Hope Farm protects 

nearly two miles of unnamed tributaries, Meadow Creek and Rocky River frontage. The property 

along the Rocky River includes a small portion of a Significant Natural Heritage Area, the Rocky 

River Basalt Bluffs and Levees. 

Urban BMP system: A high profile demonstration stormwater retrofit system was located by 

stakeholders and installed at the NC Arts 

Incubator in Siler City using EPA319 funds.  

While this reduces stormwater runoff to Love’s 

Creek rather than Tick Creek, it addresses a 

number of interests:  educating Siler City 

residents who may live in Tick Creek watershed 

about water quality and improving stormwater 

runoff; building good will and trust among 

various stakeholders regarding watershed 

improvement projects; reduces runoff to 

another stream on the 303(d) list; raising the 

conversation in the community about water 

quality.  

 

 

 

9) Data collection and analysis 
This section summarizes data that was collected and reports compiled by various parties from 

2004- 2012, including data collected as part of the EPA319 grant. 

Figure: One of 2 raised bioretention beds at Arts Incubator 
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a) NC EEP 2005 Local Watershed Plan Assessment Methods and results  
 

During the LWP, EEP gave subwatersheds draining to Tick Creek identification labels from MR17-
MR22.  Then,  EEP used existing data to complete a preliminary analysis of all watersheds and a 
plan for completing a more detailed assessment of the LWP.  The detailed assessment included risk  
assessment of streambank erosion.  Selected stream sites were then evaluated in the field using the 
BEHI method to correlate the model results to actual field conditions.  Additionally, DWQ conducted 
water quality monitoring and aquatic habitat assessments.  Watershed modeling was used to 
estimate nutrient loading, sedimentation and erosion.  The results of these activities were used to 
characterize likely sources of stream degradation, identify stream reaches in need of attention, and 
locate high quality habitat worth preserving through voluntary means. 
 
 

 
 
 
Bank Erosion Hazard Index 

Stream bank erosion contributes significantly to excess stream sediment loading, particularly in the 

North Carolina Piedmont, where local soils are highly erodible.  The Bank Erosion Hazard Index or 

BEHI, is a way to measure erosion, as it has been correlated with measured annual stream bank 

erosion rates.  The higher the BEHI value, the higher the erosion potential.  

BEHI scores were calculated at 5 sites in the Tick Creek watershed.  BEHI values for Tick Creek 

were high in Subwatershed MR17 at 3 sites; Joe Brown Road, and Maple Spring Lane,with scores of 

32.7 and 32.8, very high/extreme on Petty Road with a score of 44.9.  Moderate BEHI values were 

recorded on Al Davis Road(Subwatershed MR20) and Rives Church Road(Subwatershed MR22) 

with scores of 28 and 23.8, respectively.   Sites that scored in the BEHI classes of high, very high or 

extreme tended to be located in pastures where cattle had access to the stream. These streams 

were characterized as having very little riparian vegetation and trampled banks. 

Biological Sampling and water quality monitoring 

 
 

Figure x:  Tick Creek subwatersheds were 

labeled MR17-MR22.   All subwatersheds were 

ranked for restoration priority, and then 

shaded to reflect relative priority.  The highest 

priority is ranked 11. 
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In Tick Creek, DWQ sampled fish and benthic (stream bottom) macro invertebrate communities 

prior to the EEP study and, during the LWP, they monitored physical and chemical conditions at the 

Tick Creek /US 421 crossing from August 2004- February 2005.   

Benthic macro invertebrate samples collected from two sites on Tick Creek received “Good-Fair” 

ratings from their most recent sampling event, and the habitat score at the SR 2120 station 

reflected adequate benthic habitat quality. Tick Creek had a decline in fish diversity from 

“Excellent” in 1994 to “Fair” in 2003.  Of the 13 sites in the entire study area surveyed for 

bioclassifications, Loves Creek and Tick Creek were the only sites with any historically low 

classifications. Loves Creek and Tick Creek also had the lowest habitat scores in the study area. Tick 

Creek had a score of 69 out of a possible 100 at the SR 2120 site, with severe bank erosion and bank 

trampling from cattle evident. Middle Tick Creek was identified as one of the subwatersheds in the 

EEP study area with the highest stream bank stress levels. Agricultural activities were identified as 

the primary source of the stressors.  

Elevated levels of fecal coliform bacteria, phosphorus, sediment, aluminum, copper, and iron were 

observed in Tick Creek during storm flows.  High levels of aluminum, iron, and fecal coliform 

bacteria were also found in baseflows.   The other parameters measured were within normal 

benchmark ranges for both baseflow and stormflow.  All monitoring results are in Table 3.9, 

Appendix B of the report. 

 

Conclusions from EEP Assessment 

EEP identified the primary water quality issue in Tick Creek as sediment loading from mostly 

stream bank but also upland erosion.  Both sediment sources are linked to agriculture and pasture 

management issues, the dominant land use in the watershed. Developed areas, while limited in the 

watershed, also contributed to stream bank erosion due to increased flows. Nutrient loading 

(phosphorus loading during storm events was observed in Tick Creek) to streams is a second issue 

of concern in areas receiving land application of chicken manure and in areas where cattle deposit 

manure onto pastures and directly into stream. Fecal coliform bacteria loading from both chicken 

and cattle manure is a third issue of concern.  As a typical Slate Belt watershed, low flows were 

commonly observed during periods of drought.  These low flows can exacerbate issues that arise 

from pollutant impacts as well as reduce available aquatic habitat.  Finally, field inspections and GIS 

analysis revealed several stream segments that were severely degraded and in need of restoration. 

   

NCEEP Recommendations for Tick Creek 

 Two risk stressors that need to be addressed are stream bank stability and upland sediment 

delivery from agricultural land disturbance and from the post-construction impacts development.  

Strategies to improve pollutant loading from development include effective site design, erosion, and 

sediment control regulations and peak flow control requirements.   
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Stream bank stability and increased sediment runoff currently threaten watershed functions.  Loss 

of the functions means loss of things that people in the community care about and value.  Increased 

sedimentation and erosion, upland sediment, and nutrient delivery means decreased water quality, 

aesthetic impacts to the streams and steams corridors through people’s land, increased flooding 

problems, loss of water supply storage capacity in the reservoirs due to sediment buildup, and 

increased eutrophication in the water supply reservoirs.  

Tetra Tech conducted an analysis of rural BMP cost-effectiveness using BMP systems rather than 

individual BMPs, since BMPs are typically used in combinations to mitigate on-farm loss of soil and 

nutrients. Human land use consists primarily of pastureland, hay field, and poultry operations with 

some small areas of row crop production.  BMPs analyzed included: 

 Cattle exclusion/alternate watering 

 Stream stabilization/restoration 

 No-till cropping 

 Conservation cropping 

 Nutrient management (waste storage, application, mortality disposal) 

 Pest management 

The cost of implementing management systems is of utmost importance to actual realization of 

reductions in stressor loads to streams in the study area.  The BMP systems and cost-effectiveness 

analyses are described in detail in Tetra Tech’s Detailed Assessment and Targeting of Management 

Report. 

Any construction site with land disturbance greater than one acre requires a plan for and control of 

sedimentation and erosion.  Proper implementation of this plan is needed to prevent damage to 

Tick Creek from removal of topsoil and organic matter, reshaping the lay of the land, exposing 

subsoil to precipitation, failure to control sediment at the source onsite, allowing gullies to form, 

and improper removal of vegetation, particularly near streams.  

The general categories of urban storm water BMPs are infiltration, retention, filtering and 

detention. Storm water BMPs function to improve water quality and reduce peak runoff volume. 

The factors that degrade watershed functions are peak storm flows associated with increasing 

amounts of imperviousness, excess sedimentation, and excess nutrient loading. Storm water BMPs 

that address these factors includes storm water and pocket wetlands, wet detention ponds, grass 

swales and bioretention facilities.   Tetra Tech recommends that local governments encourage 

developers to follow low-impact storm water design principles for high density and rural, low 

density areas.  Almost all developable land in the Rocky River study area has high soil erosion 

potential and medium-to-high upland sediment delivery potential.  

 

b) Aquatic biology Inventory (Alderman, 2010) 
North Carolina currently provides habitat for approximately 60 freshwater mussel species.  Half of 

these are state or federally listed.  Tick Creek has a documented diversity of 6 freshwater mussel 
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species (10% of the state’s mussel diversity in 1 small subbasin).  Very few surveys for aquatic taxa 

had been completed within Tick Creek in recent years, so stakeholders asked for an updated survey. 

Alderman Environmental conducted the survey.  The current range, distribution within range, and 

evidence of recent reproduction was determined for mussel, crayfish and snail species to establish 

baseline data for the subbasin.  Baseline data for fish was not established due to the effects of 

extreme droughts in this area during 2007.  (Although affected by drought, mussel, crayfish, and 

snail individuals can often survive drought conditions while buried within the substrate.)  Report is 

located online at www.ncsu.edu/weco/rocky 

Snails 

Three of the six snail species expected in a similar watershed were found.  Sensitive species were 

missing.  Of these, only one pointed campoloma (Campoloma decisum) snail was found, and while 

individual Physa snails were found throughout the creek, only a few individuals total were found.  

The third, two-ridge rams-horn (Helisoma anceps), was found only in one area. 

Mussels 

The southeastern U.S.  has  a natural high diversity of mussels.  Mussels are too rare now to be used 

as indicators of water quality.  Of the 18 species expected in similar watersheds, 5 were found in 

Tick Creek.  Mussels are beneficial to creeks for their water cleansing services.   

The only mussel found in abundance (in the lower watershed) was the common elliptio (Elliptio 

complanata).  Most individuals were large, indicating a lack of reproduction.  Both Carolina 

creekshells (Villosa vaughaniana) and creepers (Strophitus undulates)were found in 2 places,  and 

notched rainbows (Vollosa constricta) were found in 3 locations.  Eastern floaters (Pyganodon 

cataracta) were also found. 

Crayfish 

Four species were found, including Carolina ladle crayfish (Cambarus davidi), Rocky River 

crayfish(Cambarus (Puncticambarus) hobbsorum), Sickle crayfish (Cambarus (Depressicambarus) 

reduncus) and White River crayfish (Procambarus (Ortmannicus) acutus).  The findings show good 

diversity considering that some states have only 6 species.  However, only one species- Sickle Creek 

crayfish was found in abundance.   

General observations and conclusions  

With the exception of the Sickle crayfish and the Physa  species snails,  all documented taxa should 

be considered vulnerable to extirpation within the watershed.  In general, vulnerability is expressed 

by low abundances, isolated local populations, and/or limited evidence of recent reproduction. 

Water quality seems good in some places, though issues contributing to vulnerability include 

nutrient loading evidenced by algae in some areas, lack of riparian buffers, livestock in streams, and 

unstable stream banks.  Reducing these impacts and augmenting species would help boost 

populations. 
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c) NCDWQ Benthic macro invertebrate sampling 
 

NC Division of Water Quality conducted benthic macro-invertebrate sampling in Tick Creek at  State 

Road 2120, March 24, 2009.  The results follow. 

 

The caddisfly Cheumatopsyche sp. and the stonefly Perlesta sp. were the only abundant taxa of the 

15 collected in 2009. Differences between 2009 and previous samples can be explained in the 

timing of the samples (2009 in spring and previous samples in summer). Tick Creek did not contain 

the mayfly Heterocloeon amplum nor Stenacron interpunctatum, two taxa that were frequently 

collected in other slate belt samples in 2009. This contributed to a lower EPT richness than most 

slate belt streams in this part of the Cape Fear River basin. 

 

Tick Creek rated Good-Fair in 2009, the same rating it received in 2003 and 1998. EPT diversity and 

EPT Biotic Index were similar to previous samples. Seasonal taxonomic differences were the only 

differences between the summer samplings in 2003 and 1998 and the spring sample in 2009. These 

small differences do not appear to be related to water quality and the benthic community at Tick 

Creek appears stable. 

 

d) Rocky River Watershed Conservation Assessment (TLC)  
 

The Triangle Land Conservancy (TLC) completed the Rocky River Watershed Conservation 

Assessment in February 2010, using a NC Clean Water Management Trust Fund grant. This 

assessment report highlights the valuable resources contained within the Rocky River watershed 

and its subwatersheds, including the Tick Creek subwatershed.  In particular, Tick Creek contains 

some of the unique and rare habitats and species in the area, including significant natural heritage 

elements.  It also highlights cultural resources within the watershed, such as Mt. Vernon Springs.   

Once the site of a large hotel, the springs were sought by the sick and infirm from far-flung locations.  

Today, the springs are still free-flowing, and locals continue to fill jugs of water to take home.  The 

springs are privately-owned but open to the public. 

Other aspects highlighted in the report include Tick Creek’s mainstem standing  out as having high 

conservation value, given the presence of aquatic wildlife.   TLC also identified “hot spots” for 

farmland and forest conservation in Tick Creek, meaning that farmland and forests that have prime 

soils and adjacent protected lands are found there.  The report recommends that land protection 

efforts in the watershed should support one or more of the following goals: 

1. Clean water 

2. Habitat for native plants and animals 

3. Local farms and forests 

4. Opportunities to connect with nature. 
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The report shows that while some lands have been conserved in the Tick Creek watershed, there 

are opportunities to work with landowners to increase acreage of conserved lands, to implement 

best management practices through cost sharing programs, and to improve protection and 

restoration of vegetation on Tick Creek corridors. 

 

e) Tick Creek geodatabase and maps 
 

A geodatabase to store GIS information was created by NCSU College of Natural Resources graduate 

student.  This is a GIS-based structure of databases and process software to maintain the databases, 

add new ones when needed, conduct assessments, analyze and summarize data, all within a 

compatible file structure that can easily lend itself to modeling scenarios within a GIS environment.   

The most current satellite aerial images available, from 2007,  were used to extract land cover data. 

Using this geodatabase, a series of maps were created to help prioritize subwatersheds for 

restoration and protection activities. The watershed was divided up into 40 smaller subwatersheds 

which were given numbers to identify them.  Each subwatershed drains to a stream  > .5 miles long.  

By looking at smaller subwatersheds, they can be characterized them based on various criteria.  

This tool helps to prioritize areas in which to implement projects, and hone management strategies 

for different areas. The Tick Creek watershed group provided feedback as the maps were being 

developed.  The maps were saved as Adobe PDF files, which are viewable by anyone by 

downloading Adobe Acrobat Reader (available for free at adobe.com). 

The maps are at www.ncsu.edu/weco/rocky and  include: 

Forested land cover 
Forested land cover in hardwoods 
Forested land cover in pine 
Forested land cover regrowth (recently harvested or ag land allowed to grow) 
Open land (agriculture, grass) 
Aquatic animals_survey occurrences 
Aquatic animals_watershed rankings 
Impervious cover 
Existing agricultural BMPs 
Existing riparian agricultural BMPs  
Existing upland agricultural BMPs  
Percent of intact riparian buffers_25 foot buffers 
Percent of intact riparian buffers_50 foot buffers 
Percent of intact riparian buffers_100 foot buffers 
Number of parcels in subwatersheds 
 

f) Prioritization of watersheds 
The project team and watershed stakeholders decided that a ranking of subwatersheds to help 

prioritize actions would be useful for a watershed plan.  A ranking of subwatersheds was completed 

http://www.ncsu.edu/weco/rocky
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using  Forest Cover, Impervious cover %, number of parcels, amount of forest cover in the 50 foot 

buffer, biotaxa, and location within 303(d) listed section.  High scoring subwatersheds are prime 

candidates for conservation, low scoring subwatersheds are prime candidates for restoraiton. 

Draft Figure:  Tick Creek Subwatershed priority management scoring 

10) Education and outreach efforts 
 

A number of educational and outreach efforts that affect Tick Creek were conducted during the 

EPA319 grant, including the following: 

 open meetings about Tick Creek and the Rocky River 

 Online materials including an open email listserve, newsletters about the effort, and a 

project website  

  presentations and written materials by NC Cooperative Extension to local groups 

including the Chatham Agribusiness Council, Chatham Conservation Partners, and the 

Farm Service Agency. 

  Six bi-annual educational field events for high school students (Rocky River Days) 

hosted by the Rocky River Heritage Foundation (RRHF) 
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 Three field tours of the Rocky River watershed for elected and appointed officials 

hosted by the RRHF 

 presentations to local groups by the RRHF 

 Volunteer planting day for the NC Arts Incubator stormwater retrofit project 

 Newspaper article about the NC Arts Incubator stormwater retrofit project in the 

Chatham Record 

 Ribbon cutting ceremony for the stormwater retrofit project at a 3rd Friday event 

 

Continuing education and outreach can build on these efforts, and should keep in mind the 

outcomes that are desired when planning activities.  The National Extension Watershed 

Outreach website is an excellent resource for developing watershed outreach campaigns 

http://wateroutreach.uwex.edu/outreach-education/ 

 

The site guides educators through the following steps for conducting watershed outreach, and 

has a database of “best education practices” for outreach. 

   

1. Familiarize yourself with the "community of interest". 

2. Identify and assess a target audience. 

3. Define clear goals and objectives, in cooperation with stakeholders and the target 

audience. 

4. Inventory resources and constraints and adapt your initiative to capitalize on results. 

5. Design your initiative with a focus on your goals, audience characteristics, and 

resources. 

6. Integrate relevant best education practices. 

7.  Implement the initiative 

8. Evaluate the initiative. 

 

Two general goals are increased awareness of the general public, and participation in watershed 

protection and restoration activities.  Taking time to understand the target audience’s views and 

what motivates them is crucial to success in reaching any outreach goals. 

 

Increased public awareness:  This creates a knowledge base in the community about 

watershed issues, why people should care, and what they can do to help.   Public awareness can 

be achieved by outreach methods such as presentations, volunteer events like riparian buffer or 

restoration plantings or stream clean-ups, media stories, and published materials.   

 

Organizations that continue with outreach efforts should continue to seek feedback from 

representatives of their target audience to ensure that outreach messages are received 

positively, and that they are deemed relevant to their worlds.  The Rocky River Heritage 

Foundation practiced this when they shared their draft educational powerpoint presentation 

with the Tick Creek watershed group and asked for feedback.   Spending a few hours with a few 

people who can review the proposed outreach materials and methods can result in a much 

http://wateroutreach.uwex.edu/outreach-education/
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more effective product.  They can also provide feedback on how, where, and who to deliver 

outreach messages to yield the most bang for the buck. 

 

 

 

Participation in watershed protection/restoration activities:  This involves first 

understanding your audience’s motivation for participating in projects, whether it is financial, 

to achieve recognition or acceptance from peers, or out of personal interest or moral obligation.  

Crafting programs that meet your audience’s needs results in more success in recruiting 

participants. 

 

When presented with the benefits of BMPs such as cattle exclusion on herd health and farm 

profitability, farmers usually show willingness to participate.  Getting farmers in Tick Creek to the 

table has been challenging, possibly due to low trust in environmental initiatives after years of 

conflict between east (urban) and west (rural) portions of the County, and low priority given to the 

efforts considering other issues farmers have to address.   We’ve also been told that there is a long-

term maintenance aspect to alternative watering systems that landowners need to become 

comfortable with before implementing them.  Some discussions with landowners to ask for their 

concerns and ideas to address them could be beneficial.  A recent project in a rural West Virginia 

watershed found that providing modest incentives and an invitation to help collaboratively set 

these incentives yielded high participation of landowners, with several BMPS resulting (Collins).   

A more targeted effort to ask landowners how they want to be engaged could result in more 

participation. For the next phase of restoration, we suggest adjusting course and using similar 

methods to invite landowners and farmers in the upper Tick Creek watershed to the table, ask them 

to help make project implementation decisions and share information with neighbors, and to 

receive modest payments based on BMPs that they put on their land.  Water quality monitoring 

would provide information that was requested by participants at a livestock producer meeting, and 

help further hone where to implement BMPs for highest effect.   Easy-to-read, short documents and 

online videos containing information about benefits to herds when fencing cattle from streams and 

implementing alternative watering, and about benefits to property values when streams and forests 

are enhanced and protected would be helpful for recruiting participants in projects. 

 

 

 

11) Recommended Next steps  
 

While considered impaired, Tick Creek watershed has some valuable documented aquatic species, 

and a benthic macro-invertebrate rating of good-fair that should not be difficult to improve.  The 

chances for removing it from the 303(d) list of impaired waters, and improving habitat for species 
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is quite good if targeted efforts can be made to continue engaging landowners in riparian BMP 

systems such as fencing cattle out of streams and providing alternative watering and stream 

crossings.  

When presented with the benefits of BMPs such as cattle exclusion on herd health and farm 

profitability, farmers usually show willingness to participate.  Getting farmers in Tick Creek to the 

table has been challenging, possibly due to low trust in environmental initiatives after years of 

conflict between east (urban) and west (rural) portions of the County, and low priority given to the 

efforts considering other issues farmers have to address.   Some riparian restoration projects have 

been implemented in the last few years,  and likely will continue as local resource professionals 

have time and funding to pursue them.  However, local resource professionals have jurisdiction 

over the entire county, and must spread their time and resources accordingly.  Additional help from 

other organizations is needed if restoration of stream health and species is desired in the next 

decade. 

A recent project in a West Virginia watershed found that providing modest incentives and an 

invitation to help collaboratively set these incentives yielded high participation of landowners, with 

several BMPS resulting.  For the next phase of restoration, we suggest adjusting course and using 

similar methods to invite landowners and farmers in the upper Tick Creek watershed to the table, 

ask them to help make project implementation decisions and share information with neighbors, 

and to receive modest payments based on BMPs that they put on their land.  Water quality 

monitoring would provide information that was requested by participants at a livestock producer 

meeting, and help further hone where to implement BMPs for highest effect.   Easy-to-read, short 

documents and online videos containing information about benefits to herds when fencing cattle 

from streams and implementing alternative watering, and about benefits to property values when 

streams and forests are enhanced and protected would be helpful for recruiting participants in 

projects. 

Potential funding sources are listed in the Tick Creek Watershed Management Plan included within 

this report, and include Farm Bill sources such as CREP and EQUIP, NC Agricultural Cost Share, and 

USEPA 319 grants.   
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b. Situation Assessment executive summary 
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Appendix a:  EPA’s 9 Element Watershed Restoration Plan 

US Environmental Protection Agency requires that projects that implement a watershed restoration 

plan must include 9 key elements.  These 9 key elements must be included in any grant proposals 

for EPA Clean Water Act Section (319) funds.  Those 9 key elements are addressed here.  

1. Identification of causes and sources: Causes and sources have been identified in the EEP 

2005 Watershed plan as being sediment loading from mostly stream bank but also some 

upland erosion.  Both sources are linked to agriculture and pasture management, the 

dominant land use in the watershed. 

2. Description of NPS management measures: The main NPS management measures needed 

are identified as cattle exclusion from the stream with alternative watering sources, heavy 

use area protection, stream crossings, restoring riparian buffers, implementing stream 

stabilization or restoration, and implementing upland BMP systems such as pasture 

management and nutrient management. 

3. Estimate of load reductions expected for the management measures:  (GET load reductions 

for management per foot or acre FROM EEP REPORT) Load reductions are estimated in the 

EEP 2005 report (this table is from FY09 EPA proposal). 

Sampling: 

#  pounds of nitrogen saved from project 

implementation:  Estimate 390 lb/yr.  

Reference: NCEEP (2005), average of two Tick Creek 

subwatersheds, reductions modeled in Report are 

based on 50% of identified projects implemented 

#  pounds of phosphorus saved from project 

implementation: Estimate 104 lb/year 

Reference: NCEEP (2005), average of two Tick Creek 

subwatersheds modeled in Report are based on 50% 

of identified projects implemented  

#  tons of soil saved from project implementation 

                        83 tons/year 

Reference: NCEEP (2005), averaged two Tick Creek 

subwatersheds modeled in Report based on 50% of 

identified projects implemented  

Load Reduction Model Used: 

STEPL, Region 5, L-THIA, Other                 

See NCEEP Report (written by Tetra Tech, Inc) 

 

4. Estimate of amount of technical and financial assistance needed:  Costs of implementing the 

management systems are described in detail in EEP's reports (Tetra Tech's Detailed 

Assessment and Targeting of Management Report). 

The project team from the FY09 EPA319 grant applied for two grants in 2011 (USDA-NIFA 

Integrated Watershed grant, and EPA319 grant) in an attempt to fund continuing efforts in Tick 

Creek Watershed.  Those proposals were not funded. 
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5. Information/education component  

When presented with the benefits of BMPs such as cattle exclusion on herd health and farm 

profitability, farmers usually show willingness to participate.  Getting farmers in Tick Creek to the 

table has been challenging, possibly due to low trust in environmental initiatives after  to years of 

conflict between east (urban) and west (rural) portions of the County, and low priority given to the 

efforts considering other issues farmers have to address.   A recent project in a West Virginia 

watershed found that providing modest incentives and an invitation to help collaboratively set 

these incentives yielded high participation of landowners, with several BMPS resulting.   

For the next phase of restoration, we suggest adjusting course and using similar methods to invite 

landowners and farmers in the upper Tick Creek watershed to the table, ask them to help make 

project implementation decisions and share information with neighbors, and to receive modest 

payments based on BMPs that they put on their land.  Water quality monitoring would provide 

information that was requested by participants at a livestock producer meeting, and help further 

hone where to implement BMPs for highest effect.   Easy-to-read, short documents and online 

videos containing information about benefits to herds when fencing cattle from streams and 

implementing alternative watering, and about benefits to property values when streams and forests 

are enhanced and protected would be helpful for recruiting participants in projects. 

6. Schedule for implementing NPS management measures.  Chatham SWCD and NRCS will 

continue to advertise and recruit landowners into ongoing cost-sharing programs for 

implementing management measures.  Since these programs are applied county-wide and 

not just in Tick Creek watershed, it will take many years for significant water quality 

improvement to be seen if these sources are singularily relied upon for Tick Creek 

restoration.  Additional funds and staff time are needed to continue to implement NPS 

management measures, monitoring, and outreach.  Outside partners are encouraged to help 

seek funding and implement this plan in order to speed up restoration. 

 

7. Description of interim measureable milestones: 

These include outreach activities conducted, additional funding sources identified and acquired,  

projects implemented (cattle exclusion, stream stabilization, riparian buffer enhancement, 

forestland conserved). 

8. Criteria to determine whether loading reductions are being met.  Visual improvement of 

aquatic habitat, and benthic and fish community improvement are the ultimate criteria for 

improvement.  Proposed monitoring will better characterize pollutant loading and 

applicable criteria. 

 

9. Monitoring component to evaluate effectiveness of implementation efforts over time.  
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BMP installation in the Tick Creek watershed  has focused on raising awareness of the non-point 

source nutrient input into the streams and to demonstrate  BMPs and their implementation. 

Carefully located monitoring for water quality and aquatic habitat will allow determination by sub-

watershed of the more significant sources of non-point source nutri+A428ent input.  This will allow 

a more focused series of BMP installations and may enable the quantification of the effectiveness of 

BMPs. This is aligned with the primary objective of removing the Tick Creek watershed from the 

303(d) list of impaired waters by the most cost effective implementation of both rural and urban 

BMPs.  

The goals of this proposed monitoring are: 

 1. Continue monitoring water quality of Tick Creek at the sites of previous NCDENR DWQ 

monitoring along the creek to document any progress made at reducing pollutant levels and 

improving water quality for all pollutants of concern.  

2. Establish four (4) water quality monitoring sites on tributaries of Tick Creek as determined by 

GIS analysis to be the most significant contributors of non-point source pollution. 

3. Utilize the results on both benthic and water quality sampling to determine the most significant 

contributing tributary of non-point source pollution. 

4. Implement BMP’s within that most significantly contributing sub-watershed 

5. Document through a revised water quality sampling and aquatic benthos sampling program any 

improvement of water quality from that tributary. 

 

Suggested Water Quality Monitoring Plan 

Water quality monitoring would add to the efforts conducted under the initial Tick Creek 

monitoring that was performed by NC DENR DWQ during the 2004-05 EEP work . The monitoring 

should primarily characterize pollutant loads of nitrogen, phosphorus, and sediment in the 

watershed, and if resources are available, also aluminum, copper, iron, and fecal coliform, all of 

which were identified as elevated in either stormflow or baseflow previously by NCDWQ. 

Install three monitoring stations within the impaired portion of the Tick Creek watershed at 

strategic locations.  Use previous GIS analysis to aid in the decision making.  For each station, 

include a staff gage, an automated sampler with integrated flowmeter, with one of the stations 

having a recording raingage. Monitoring at the sites should include both storm event sample and 

manual grab sample collection.  

Discharge should be continuously recorded at each sampling station using automated sampling 

equipment to measure water depth and a stage-discharge relationship to convert depth 

measurements to discharge Stage-discharge relationships for the 3 monitoring sites will be 

developed as soon as possible. Flow-weighted samples shouldl be collected for 12-20 storms per 

year. A composite sample for each storm should be analyzed for total suspended solids, total 
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phosphorus, nitrate+nitrite – N, ammonia – N, and total Kjeldahl nitrogen. Samples from at least 4 

storms (or all storms occurring during the quarter if less than 4) occurring during each season of 

the year should be collected and analyzed to document seasonal effects. Samples should be 

recovered from the automated samplers as soon after the storm event as possible and stored on ice 

or refrigerated (<4 deg. C) until analyzed (not to exceed maximum holding times for each analyte).  

In order to estimate annual pollutant loadings, loads from every significant storm occurring during 

the year must be computed. If more than 20 significant storms occur during the year, pollutant 

concentrations from the monitored events should be used to compute loads for the rest of the 

storms in which only rainfall and runoff were monitored.  Rainfall-runoff relationships should be 

developed for each monitoring site in case these parameters are missed due to equipment 

malfunction. Thus, loads from storms that do not have all of the data should be estimated in order 

to determine a total annual load.  

In addition to storm samples, grab samples should be collected during nonstorm periods at stations 

with significant discharge at the time of the monthly visit. Grab samples should be analyzed for the 

above storm sampling parameters to characterize baseflow conditions. Baseflow loads are often 

insignificant, but in some cases, such as for NO3+2-N loads, baseflow can account for more than 

50% of the annual loading. A quality assurance project plan (QAPP) program should be maintained 

throughout the monitoring period, which could include trip blanks, duplicates, and split samples. 

All samples should be analyzed by a state certified laboratory.   

Statistical analysis of monitoring data should be conducted for all sites. Tests such as analysis of 

covariance and regression should be used to identify temporal trends or changes in the 

relationships between pollutant loads for upstream and downstream stations. 
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Appendix b: 2009 Situation Assessment Executive Summary 

The entire report is located at www.ncsu.edu/WECO/rocky 

Watershed Education for Communities and Officials (WECO), a NC Cooperative Extension program 

housed in the NCSU Department of Agricultural and Resource Economics, received a U.S. EPA grant 

in partnership with other NCSU Departments and local organizations to work on restoring and 

protecting resources of the Rocky River watershed, which is in the Cape Fear River basin.  The 

project proposed convening a collaborative Rocky River watershed management effort , while 

focusing restoration efforts on Tick Creek, a major tributary within the Rocky River watershed that 

is rated as impaired by the State and Federal governments.  WECO conducted a situation 

assessment to determine whether a collaborative process might benefit the situation, and to 

identify stakeholders and issues of importance to stakeholders.   This involved interviewing 

stakeholders who represented a range of interests in the Rocky River watershed. 

Issues of concern raised by those interviewed included protecting endangered and threatened 

aquatic species, reducing nitrogen pollution in the Rocky River from a variety of urban and rural 

sources, impacts of seasonal and drought induced low flows in the Rocky and its tributaries, 

ensuring adequate drinking water supply and quality, public access  to the river for recreation, 

maintaining agricultural uses and minimizing impacts to water resources, supporting economic 

development and viability of businesses,  conflict over Siler City’s wastewater treatment plant 

permit, and deep-rooted conflict across sectors of Chatham County. 

A geographic disconnect between upstream and downstream users (in this case Western and 

Eastern Chatham County) is compounded by a focus on positions that has prevented some 

stakeholders from communicating productively enough to understand each other’s interests.  

Understanding other stakeholders’ interests is the basis for collaborative problem-solving.  Despite 

this disconnect, we heard almost unanimously that stakeholders across the various interests and 

geography want to hold a conversation so they can find common ground to work on together.   We 

believe that common ground is possible, in particular because all stakeholders interviewed were 

contributing in some manner towards protection of water resources, and were interested in 

discussions. 

We recommend using this EPA-funded project to provide opportunities for increased 

communication and understanding of each others issues.  We recommend forming a collaborative 

effort focused on protecting and restoring the Tick Creek watershed, setting the possibility of a 

Rocky River level collaborative effort on hold while we focus on smaller, more manageable 

outcomes.  Our specific recommendations for this project are included in the following categories: 

1) facilitate communication and education; 2) engage in join fact-finding; 3) convene a Tick Creek 

collaborative effort; 4) reframe the issues around the Rocky River, and 5) meet participant needs 

through principled negotiation.  Our recommendations are primarily targeted towards our project 

partners, but most can be applied towards Rocky River stakeholders in general. 

 

 

http://www.ncsu.edu/WECO/rockyriver

