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Acronyms and Measurements 

Acronym/ 
Measurement Definition 

  

Acronym  

AMS Ambient Monitoring System  

BMP Best Management Practice 

CGIA Center for Geographic Information and Analysis 

EL Evaluation Level 

EPT Ephemeroptera, Plecoptera, Trichoptera  

GIS Geographic Information System 

LCFRBP Lower Cape Fear River Program 

LWP Local Watershed Plan 

MDL Method Detection Limit 

MGD Million Gallons per Day 

NC North Carolina 

NCAC North Carolina Administrative Code 

NCBI North Carolina Biotic Index 

NCDMAC Drought Management Advisory Council 

NCDOT North Carolina Department of Transportation 

NCDWQ North Carolina Division of Water Quality 

NCDWQ-BAU 
North Carolina Division of Water Quality – Biological Assessment 
Unit 

NCDWQ-WAT 
North Carolina Division of Water Quality – Watershed Assessment 
Team 

NCEEP North Carolina Ecosystem Enhancement Program 

NPDES National Pollution Discharge Elimination System  

PQL Practical Quantitation Limit 

SOP Standard Operating Procedure 

SR Secondary Road 

TMDL Total Maximum Daily Load 

USGS United States Geological Survey 

WWTP Wastewater Treatment Plant 
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Acronym/ 
Measurement Definition 

 

Water Quality 
Measurement 

 

°C degrees Celsius 

cfu/100 ml colony forming units per 100 milliliters 

mg/L milligram per liter 

ml milliliters 

µg/L microgram per liter 

µS/cm microsiemens per centimeter at 25 degrees Celsius 

SU Standard unit 
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I. EXECUTIVE SUMMARY  

The North Carolina Ecosystem Enhancement Program (NCEEP) initiated a local 
watershed planning (LWP) effort within upper Great Coharie Creek in Sampson County 
in August 2009.  The purpose was to help address regional compensatory mitigation 
needs and to develop a framework in which local stakeholders could address water 
quality, aquatic habitat, and hydrological issues.  As a component of this watershed 
planning effort, the North Carolina Division of Water Resources (NCDWR) conducted 
biological, physical, and chemical water quality monitoring within the headwater region 
of Great Coharie Creek from February 2010 through June 2011 and additional follow-up 
monitoring in the spring of 2013.  This Integrated Analysis Report summarizes and 
provides interpretation of the significant findings of these investigations.  Data from 
nearby swamp streams in the lower Cape Fear basin were used as a basis for 
comparison with the LWP area.  This report includes analysis within the four major 
watersheds (Great Coharie Creek, Beaverdam Swamp, Kill Swamp, and Sevenmile 
Swamp ) and concludes with a discussion of specific stressors within the 26 
subwatersheds delineated by NCEEP.   

Water quality monitoring was conducted by WAT between July 2010 and June 2011 at 
12 stations identified during reconnaissance in 2009.  Data collected during the same 
time period from Ambient Monitoring System (AMS) and Lower Cape Fear River 
Program (LCFRP) stations (i.e. coalition stations) and a relatively pristine swamp 
stream, Colly Creek, were used for comparison to evaluate conditions in the LWP area.  
Monitoring activities identified nutrient enrichment and low dissolved oxygen as the 
primary stressors to water quality in the LWP area.   

Follow-up assessments were conducted at 78 sites from December 2010 to June 2011 
to determine the sources of these stressors impacting water quality at the 12 monitoring 
stations. These assessments augment the monitoring data by focusing on nutrients in 
the smaller tributaries draining into the mainstems of the four named streams (Great 
Coharie Creek, Beaverdam Swamp, Kill Swamp, and Sevenmile Swamp) in the LWP 
area.  An additional investigation was conducted in the spring of 2013 at five of the 
original 12 monitoring stations and at nearby agriculturally impacted swamp streams 
and a reference swamp stream (Colly Creek) in the lower Cape Fear basin to determine 
whether the low dissolved oxygen was due to natural swamp conditions or 
anthropogenic impacts.   

The widest ranges and highest concentrations of all nutrients occurred in catchments 
with drainages areas < 1 square mile.  Nutrient sources include agricultural field crops, 
turfgrass production, and livestock operations (including pastures) present largely in 
headwater subwatersheds and along very small tributaries.   

The data from monitoring and assessments indicated that the major nutrient concern 
impacting the LWP area was nitrite + nitrate nitrogen (NOx), and the primary source of 
NOx was agricultural fields.  Concentrations of NOx were significantly higher in 
Sevenmile Swamp than in the other watersheds; highest concentrations occurred in 
assessment sites, most of which lacked riparian buffers and/or received drainage from 
ditches originating in agricultural fields.  The decrease in NOx in monitoring stations 
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downstream of assessment sites likely reflects uptake by algae and plants and possibly 
denitrification within the swamp systems.   

Elevated concentrations of other nutrients were less widespread than NOx.  Ammonia 
nitrogen concentrations were relatively low throughout most of the LWP area.  Kill 
Swamp had significantly higher concentrations than the other watersheds.  Ammonia 
nitrogen exceeded 1 mg/L at one assessment site each in Sevenmile Swamp and Great 
Coharie Creek watersheds.  Total Kjeldahl nitrogen (TKN) followed a similar pattern as 
ammonia nitrogen.  Ammonia nitrogen and TKN concentrations in the LWP area were 
similar to those in nearby agriculturally impacted streams and a reference stream 
outside of the LWP area.  Phosphorus concentrations in the LWP area were lower in 
Sevenmile Swamp than in the other three named stream watersheds.  Phosphorus 
concentrations were significantly higher at all four monitoring stations in Kill Swamp, 
subwatershed BDS-04 in Beaverdam Swamp, subwatershed GCC-01in Great Coharie 
Creek, and in agriculturally impacted streams outside of the LWP area than in other 
monitoring stations, subwatersheds, or the reference stream, Colly Creek.   

Dissolved oxygen concentrations (across all studies) ranged from 0.07 to 9.03 mg/L at 
LWP monitoring stations and from 0.04 to 13 mg/L at the assessment sites.  Oxygen 
concentrations at the assessment sites generally were higher than those at the 
monitoring stations further downstream, and assessment sites with drainage areas 
smaller than 1 mi2 had significantly higher dissolved oxygen than those having larger 
drainage areas.  Oxygen concentrations at the monitoring stations were within the 
ranges of those observed at nearby agriculturally impacted streams and the reference 
stream, Colly Creek.  Examination of BOD and nutrients in 2013 at a subset of the 
monitoring stations and in other nearby agriculturally impacted streams and the 
reference stream suggest that low dissolved oxygen in the Great Coharie Creek LWP 
area is largely a natural phenomenon resulting from extremely low flow and impounding, 
possibly exacerbated somewhat by dense growths of aquatic vegetation.   

Fecal coliform bacteria did not constitute a widespread water quality issue within the 
LWP area.  Median fecal counts were twice as high at monitoring stations as in the 
assessment sites and were slightly higher in Kill Swamp and Great Coharie Creek than 
in the other two watersheds.  The range of fecal coliform counts in the LWP area was 
within that of the nearby swamp comparison streams, but both median and maximum 
values (except for the single outlier) were lower in the LWP area.  

Sediment was identified in the preliminary findings report (NCDWQ-WAT 2009) as a 
potential stressor, however data collection and analysis for turbidity and total suspended 
residues indicated otherwise.  Low pH occurred at a few assessment sites and in the 
reference stream, Colly Creek, and are likely the result of natural soil conditions in those 
watersheds. 

Benthic macroinvertebrates were sampled by the NCDWR-Biological Assessment Unit 
(NCDWR-BAU) in late February and early March 2010 at nine sites within the LWP 
area.   These assessments were conducted to evaluate impacts of environmental 
conditions on aquatic life.  The North Carolina Biotic Index (NCBI) ranged from 6.16 on 
Great Coharie Creek near its exit point from the LWP area (station GCC-1636b) to 7.88 
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(the worst condition) at a site in Kill Swamp (KS-1710).  Eight of the nine benthic 
communities were classified as under “moderate stress”, and only the site on Great 
Coharie Creek near its exit point of the LWP area (GCC-1636b) received a classification 
of “natural”.  The NCDWR-BAU indicated that inadequate habitat likely was the primary 
stressor impacting the benthic community.  The only significant correlations with the 
NCBI were the size of the drainage area and the substrate score from the habitat 
assessment.  There were no strong correlations with either land use or water quality at 
the monitoring stations.   

The NCDWR-Watershed Assessment Team (NCDWR-WAT) conducted a vegetation 
survey at 73 locations primarily during August 2010 and late spring through early 
summer of 2011.  The objective was to assess the distribution of invasive and weedy 
aquatic vegetation and its possible impacts on water quality and aquatic life.  
Filamentous algae and/or common weedy vascular plants occurred in 43 sites. Four 
invasive plants, Murdannia keisak (Asian spiderwort), Alternanthera philoxeroides 
(alligatorweed), Ludwigia hexapetala (creeping waterprimrose), and Myriophyllum 
aquaticum (parrotfeather) were present.  Four weedy native plants, Polygonum spp. 
(smartweeds), Typha latifolia (cattail), Utricularia spp. (bladderwort), and Eleocharis 
baldwinii (proliferating spikerush) also were abundant and widely distributed.  Asian 
spiderwort occurred at 47% of the vegetated sites, often in dense, nearly monoculture 
stands.  Smartweed occurred in 47% of the sites and was nearly a monoculture in 
several.  These dense growths of algae and aquatic vegetation were caused by 
excessive nutrients, extensive open, shallow areas, low flow, and impounding.   
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II. INTRODUCTION 
 

The North Carolina Ecosystem Enhancement Program (NCEEP) initiated a local 
watershed planning (LWP) effort within upper Great Coharie Creek in Sampson County 
in August 2009.  The LWP area is approximately 53 sq. miles and is located in the 
Rolling Coastal Plain ecoregion (Griffith et al. 2002), primarily in northern Sampson 
County, with a very small portion of the northeastern headwaters in Johnston County.  
The entire watershed is located in 8-digit hydrologic unit (HU) 03030006.   It is also 
located in North Carolina Division of Water Resources (NCDWR) subbasin Cape Fear 
19 (03-06-19).  The LWP area is approximately 49% agricultural lands (including field 
crops, turfgrass production, and pastures), 34% forest/wetlands, and 5% developed.  
Swine and poultry production facilities are present throughout the LWP area. There are 
four named streams (Great Coharie Creek, Beaverdam Swamp, Kill Swamp, and 
Sevenmile Swamp)  as well as many unnamed tributaries and numerous Carolina Bays.   

The purpose of this planning effort was to help address regional compensatory 
mitigation needs and to develop a framework in which local stakeholders can address 
water quality, aquatic habitat, and hydrological issues.  As a component of this 
watershed planning effort, the North Carolina Division of Water Resources (NCDWR1) 
conducted a biological, physical, and chemical water quality monitoring and assessment 
project within the headwater region of Great Coharie Creek from February 2010 through 
June 2011, with further monitoring from December 2012 to June 2013.  The primary 
intent of these investigations was to identify potential stressors contributing to the 
degradation of water quality, habitat and hydrological functions throughout the planning 
area based on the results of collected data and best professional judgment.  This 
Integrated Analysis Report briefly summarizes and interprets the significant findings of 
these investigations.  

 

Study Objectives 
 

This Integrated Analysis Report discusses and provides an interpretation of the 
significant findings of four water quality investigations conducted within the Great 
Coharie Creek LWP area during 2010-20132.  These investigations included:  

1. A biological assessment using benthic macroinvertebrates (NCDWQ-BAU 2010), 
to address whether or not the streams are supporting aquatic life.  This 

                                            
1 The original name for the agency at the outset of this project was the North Carolina Division 
of Water Quality (NCDWQ) 
2 Water quality and benthic macroinvertebrate data from nearby swamp streams in the lower 
Cape Fear River basin also are presented for comparison to help explain the findings of these 
four reports within the context of conditions normally occurring in swamp streams in the NC 
coastal plain. 
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investigation was conducted by the North Carolina Division of Water Resources, 
Biological Assessment Unit (NCDWR-BAU) at nine sites. 
 

2. A vegetation assessment was conducted by NCDWR-WAT.  The results of this 
study were reported previously (NCDWQ-WAT 2012a)  

3. Physical, chemical and microbiological water quality monitoring (hereafter 
denoted “monitoring”)3 was conducted at 12 sites by the NCDWR-WAT4 to 
characterize water quality within the LWP area.  These monitoring results 
reported previously (NCDWQ-WAT 2012b) may be useful to: 

a. Help characterize the condition of the streams within the LWP area and 
identify specific water quality stressors; 

b. Compare water quality within the LWP area with references and 
benchmarks; 

c. Aid in the interpretation of the benthic macroinvertebrate results by 
identifying possible water quality stressors on aquatic life; 

d. Determine whether follow-up activities are necessary to identify the 
sources of stressors.  
 

4. Follow-up water quality assessments were conducted by NCDWR-WAT to further 
delineate potential sources of stream degradation and nutrient enrichment 
suggested by the water quality monitoring data5.  These results have been 
reported previously (NCDWQ-WAT 2012c, NCDWR-WAT 2013a, b). 
 

B. Watershed Planning and Key Objectives 

 

The Great Coharie Creek LWP must meet two broad objectives.  First, the plan must 
meet the requirements in federal regulations (Compensatory Mitigation for Losses of 
Aquatic Resources; Final Rule6), promulgated by the US Department of the Army, 
Corps of Engineers (33 CFR Parts 325 and 332) and the US Environmental 
Protection Agency (40 CFR Part 230) regarding compensatory mitigation.   This rule 
encourages a watershed approach to compensatory mitigation: “the ultimate goal of 
a watershed approach is to maintain and improve the quality and quantity of aquatic 
resources within watersheds through strategic selection of compensatory mitigation 

                                            
3The term “monitoring” denotes collection of water quality samples and field data in a regular 
sampling program over a longer time frame (several months, a year, etc.), whereas 
“assessment” indicates sampling that occurs only once or twice to provide additional data from 
locations upstream of monitoring stations which may help pinpoint possible sources of 
nutrients and/or fecal coliform bacteria that have been observed at the monitoring stations.   
4 http://portal.ncdenr.org/web/wq/swp/ws/pdu/wat/  
5 The water quality monitoring data reported previously suggested that much wider geographic 
coverage was needed to pinpoint potential problem areas. 
6http://water.epa.gov/lawsregs/guidance/wetlands/upload/2008_04_10_wetlands_wetlands_
mitigation_final_rule_4_10_08.pdf 

http://water.epa.gov/lawsregs/guidance/wetlands/upload/2008_04_10_wetlands_wetlands_mitigation_final_rule_4_10_08.pdf
http://water.epa.gov/lawsregs/guidance/wetlands/upload/2008_04_10_wetlands_wetlands_mitigation_final_rule_4_10_08.pdf
http://portal.ncdenr.org/web/wq/swp/ws/pdu/wat/
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sites” (COE §332.3 (6) (c) and EPA §230.93 (6) (c)).  The LWP must comply with the 
requirements in this federal rule.   

Secondly, the plan must meet the goals of the watershed planning partners which 
include local stakeholders.  The LWPs are developed through a stakeholder process 
and often watershed improvement opportunities are identified that are not needed 
for compensatory mitigation.  Thus, the NCEEP uses watershed planning to identify 
the best locations to implement stream, wetland and riparian buffer restoration, and 
best management practices (BMPs) as well as other watershed management 
strategies.  The planning process considers where mitigation is needed and how 
mitigation efforts might contribute to the improvement of water and habitat quality in 
the state.  Watershed planning, as conducted by the NCEEP, requires Geographic 
Information System (GIS) data analysis, stakeholder involvement, water quality and 
habitat monitoring and consideration of local land uses and ordinances.  It is a 
multidimensional process that considers science, policy and partnership. 

 

C. Selection and Location of Monitoring and Assessment Sites 
 

A total of 12 monitoring sites were selected within the LWP area based on 
reconnaissance data collected in 2009.  Swamp conditions prevented the use of 
traditional stream walking or sampling at the confluences of tributaries for follow-up 
sampling to bracket sources of elevated nutrients or fecal coliform bacteria noted 
during monitoring.  Consequently, the locations of follow-up assessment activities 
were determined by proximity to road crossings.   A total of 144 locations were 
visited for follow-up assessments, however 66 either were dry or had only pooled 
water in the channels; 78 flooded channels with flowing water were sampled.  
Locations of monitoring, follow-up assessment, benthos, and BOD sites within the 
LWP area are shown below in Figure 1a.  Locations of sites in the agriculturally 
impacted swamp streams and the reference swamp stream (Colly Creek) are shown 
in Figure 1b.   
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Figure 1.  A) Locations of NCDWR-WAT water quality monitoring stations, 
assessment sites, BOD stations, and NCDWR-BAU benthic macroinvertebrate 
monitoring stations.  WWTP = wastewater treatment plant.  Subwatershed 
designations are shown in bold blue text.  Text on the map preceded by “A” are the 
site codes for assessment stations shown in Appendix 1:B) Locations of BOD, 
nutrient, and field meter monitoring in comparison streams. 

A 

B 
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D. Overview of Watershed Conditions 
 

The LWP area is comprised of gently rolling hills, sandy soils, a variety of wetland 
types and low gradient swamp streams.  Beaver impoundments occupy much of the 
stream length in the watershed.  Land use in the watershed (Figure 2) is 
predominantly agriculture (approximately 50% ) and forest (approximately 30%); 
rural development occupies the remaining area and is centered largely in the 
community of Newton Grove in the northeastern portion of the watershed.  Ditched 
streams, drained wetlands and harvested timber account for the majority of historic 
disturbance in the watershed.  

All waters in the LWP area carry the stream classification C Sw, which protects them 
for C class uses (including aquatic life, secondary recreation, and fish consumption) 
and acknowledges their natural swamp characteristics by the “Sw” secondary 
classification.  Swamp streams often have low flow and low dissolved oxygen 
concentrations as part of their natural condition, particularly in the summer months.  

Great Coharie Creek was listed in the 2006 NC 303(d) list as impaired for fish 
consumption based on a Fish Advisory for mercury in fish tissue (NC DWQ 2006).  
Though this impairment was broadly applied by DWQ to all waters east of I-85 
based on fish consumption advice issued by the NC Department of Health and 
Human Services (DHHS), fish tissue samples have been collected and analyzed for 
metals (including mercury) in the Great Coharie downstream at US 701 that showed 
exceedances of state and federal criteria for mercury concentrations.   

There are two permitted dischargers in the LWP area: Hog Slat Incorporated Newton 
Grove Site, permit NCG030310 (permit type Metal Fabrication Stormwater 
Discharge COC) and Newton Grove Wastewater Treatment Plant (permit 
NC0072877, permitted discharge of 0.2 million gallons per day). Both discharge to 
Beaverdam Swamp.   

The LWP preliminary findings report (NCEEP 2010) suggested that the primary 
water quality concerns likely were sediment, low dissolved oxygen and pH, and 
nutrients.  Specific issues identified were elevated nitrite + nitrate nitrogen (hereafter 
termed “NOx”) in Sevenmile Swamp, elevated phosphorus in Beaverdam Swamp 
and Kill Swamp, and fecal coliform bacteria in Sevenmile Swamp. 



16 

 

 

Figure 2.  Aggregate land classes across the Great Coharie LWP area 
(adapted from NLCD 2001). 

Most of the monitoring and assessment period was characterized by abnormally dry 
to moderate drought conditions (Figure 3).  Rainfall at Newton Grove exceeded one 
inch only twice during the monitoring period (approximately 2.4 inches in late 
September 2010 and 1.3 inches in early March 2011), and there were extended 
periods that were completely dry or had only minimal rainfall.   

The combination of low rainfall, very dry soils (dusty conditions were noticed on most 
monitoring dates), swamp conditions, extensive beaverdams complexes, and 
artificial impoundments resulted in low to negligible flow at most of the monitoring 
stations.   
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Figure 3.  Precipitation measured at Newton Grove during LWP area monitoring 
activities.  The colored bar represents the drought conditions from June 2010 through 
June 2011.   

 

E. References and Benchmarks 
 

Monitoring and assessment data were compared with two “evaluation levels”: water 
quality standards and action levels.  Several additional benchmarks were used for 
comparison of data for which there are no water quality standards or action levels 
(e.g., nutrients and specific conductance); these benchmarks are based on best 
professional judgment and published literature.  Water quality standards and action 
levels used for comparison with water quality data are shown in Appendix 2.  The 
terms “water quality standard” and “action level” are defined below.   

Water quality standard.7  Water quality standards are state regulations or rules 
that protect lakes, rivers, streams and other surface water bodies from pollution. 
Standards specify beneficial use designations (classifications), numeric levels, 
and narrative statements (water quality criteria) protective of the use 
designations as well as procedures for applying the water quality criteria to 
wastewater dischargers and other sources of pollution.  The NCDWQ has 
policies in place that determine whether water quality standards are being met. 

Water quality action level.  An action level is the concentration of a contaminant 
that, if exceeded, triggers treatment or other requirements that a water system 
must follow. 

                                            
7
 For more information see: http://portal.ncdenr.org/web/wq/ps/csu/swstandards  

Severe Drought  

Moderate Drought  

Abnormally Dry  

Normal  

 

http://portal.ncdenr.org/web/wq/ps/csu/swstandards
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The NCDWR-WAT may report that data have exceeded a numeric standard or 
action level but does not make the determination whether or not water quality 
standards or action levels have been violated.  Determinations of violations are done 
through the NCDWR Planning Section.  

III. METHODS 
 

Methodology for water quality and macrobenthos data collection, processing of field and 
laboratory samples, chemical analysis, data analysis, and quality assurance have been 
thoroughly documented in the interim Great Coharie reports (NCDWQ-BAU 2010; 
NCDWQ-WAT 2012a, 2012b, 2012c, NCDWR-WAT 2013).  
 

IV. RESULTS AND DISCUSSION 

Part A of this section summarizes the significant findings of the water quality monitoring 
study (NCDWQ 2012b), follow-up assessments (NCDWQ 2012c), the low dissolved 
oxygen study (NCDWR 2013), the benthic report (NCDWQ-BAU 2010), and the 
vegetation report (NCDWQ-WAT 2012a).  Part B of this section examines issues by 
subwatershed.   

A. Summary of Water Quality in the Great Coharie Creek LWP Area 

1.  Water Quality Monitoring 

This section summarizes the significant findings of all water quality monitoring activities 
conducted by the NCDWR-WAT in support of the Great Coharie Creek LWP, including:   

 Reconnaissance in 2009 

 Monthly monitoring in 2010-2011  

 Follow-up assessments in 2010-2011 and 2012-2013  

 The BOD/low dissolved oxygen study in 2013  

The primary purposes of the monitoring were: 1) to characterize water quality at 
macrobenthos sites and exit points of the four major subwatersheds;  2) to locate 
sources of stream degradation and nutrient enrichment; and 3) to identify possible water 
quality stressors on aquatic life. 

The primary stressors identified in this study included nutrients and very low dissolved 
oxygen concentrations.  The data from all water quality studies have been combined for 
the following discussions of nutrients and dissolved oxygen.  Descriptive statistics are 
presented in Appendices 3 and 4.   

 



19 

 

Nutrients.   

The widest ranges and highest concentrations of all nutrients occurred in 
catchments with drainages areas < 1 square mile.  Fourteen subwatersheds were 
impacted or severely impacted for one or more nutrients (Table 1 and Figure 4), and 
the drainage areas of the assessment sites in all of these subwatersheds except 
BDS-03 either totally lacked riparian buffers and/or received drainage from ditches 
originating in agricultural fields.  Nutrient data are shown in Figure 5.   

The primary nutrient concern throughout the LWP area is nitrite + nitrate nitrogen 
(NOx).   Concentrations of NOx were significantly higher in Sevenmile Swamp than 
in the other watersheds, and highest concentrations occurred in assessment sites 
(Figure 5A).  Three subwatersheds (SMS-03, SMS-04, and SMS-05) had the highest 
mean NOx concentrations, and two sites (SSUT-1620d and SSUT-1644) had NOx > 
10 mg/L on three occasions each.  The mean NOx concentrations in the monitoring 
stations were lower than those in the assessment sites and were not significantly 
different than those in agriculturally impacted and unimpacted streams outside of the 
LWP area.  Concentrations of NOx generally decreased going from the assessment 
sites downstream to the monitoring stations.  This decrease in NOx likely reflects 
uptake by algae and plants and possibly the occurrence of some denitrification 
within the swamp systems.   
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Table 1.  Impacted subwatersheds based on water quality data collected at 
assessment sites during 2011 and 2013.   

 Specific Water Quality Concerns8 % w/o 
Forested 
Buffers Subwatershed NOx NH3-N Total P Oxygen pH 

BDS-02    X  65 

BDS-03   X X+  63 

BDS-04 X X X   53 

GCH-03 X  X X  20 

GCH-04   X   36 

GCH-05    + X 34 

GCC-01 X X X X X 24 

GCC-02 X   X   

GCC-03  X  X  52 

GCC-06  X X X  46 

KS-04 X X  +  81 

KS-05  X     

SMS-01 X   X  50 

SMS-03 X X X X+ X 52 

SMS-04 X   X  46 

SMS-05 X   X X 50 

SMS-06     X 75 

 
 
Ammonia nitrogen concentrations were relatively low throughout most of the LWP 
area and in agriculturally impacted and refererence streams outside of the LWP area 
(Figure 5B).  Two assessment sites, SSUT-1644 in subwatershed SMS-03 and 
GCCUT-1845 in subwatershed GCC-01, had ammonia nitrogen concentrations 
exceeding 1 mg/L.  Kill Swamp had significantly higher concentrations than the other 
watersheds.  The highest average concentrations occurred at two monitoring 
stations in Kill Swamp (KS-50 and KS-1706), one in Sevenmile Swamp (SSUT-13b) 
and in assessment sites in subwatersheds SMS-03 and GCC-01.  There were no 
significant differences when data for all assessment sites combined and all 
monitoring stations combined were compared with agriculturally impacted and 
reference streams outside of the LWP area (see Appendix 3).   Total Kjeldahl 

                                            
8
 An “X” in a column indicates that a specified minimum threshold concentration or standard has been exceeded in 

that subwatershed.  If the “X” is colored bold red, it indicates that a second threshold concentration indicating 

“severely impacted” has been exceeded.  A “+” symbol in the oxygen column indicates that one or more sites in that 

subwatershed has exceeded  the standard  for total dissolved gases of 110% saturation on at least one date.   
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nitrogen concentrations followed a similar pattern as ammonia nitrogen (data not 
shown).   
 
Total phosphorus concentrations within the LWP area were lower in Sevenmile 
Swamp than in the other three watersheds (Figure 5C).  The mean phosphorus 
concentrations were significantly higher at the four LWP monitoring stations in Kill 
Swamp (KS-50, KS-1710, KS-1706, and KS-701), one subwatershed in Beaverdam 
Swamp (BDS-04), a subwatershed in Great Coharie Creek (GCC-01), and in the 
agriculturally impacted streams outside of the LWP area than in other monitoring 
stations, subwatersheds, or the reference stream, Colly Creek.   
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Figure 4.  Locations of assessment sites impacted by nutrients and low dissolved oxygen concentrations.   
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Figure 5.  Distribution of nutrients within the Great Coharie LWP area, in agriculturally impacted 
streams, and in the reference stream, Colly Creek.  A) ammonia nitrogen; B) nitrite + nitrate 
nitrogen; C) total phosphorus.  Data for the LWP area in each graph are oriented upstream to 
downstream.  A red line indicates the nitrate nitrogen standard for drinking waters.  Symbol 
colors: orange = assessment sites; blue = monitoring stations; red = agriculturally impacted  
streams; green = reference stream (Colly Creek).   
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Dissolved Oxygen.   

Dissolved oxygen concentrations observed during monitoring activities in 2010-2011 
ranged from 0.36 to 9.03 mg/L within the LWP area and 3.9 to 6.0 mg/L in the reference 
stream, Colly Creek (NCDWQ-WAT 2012b).  Dissolved oxygen measured during 2010-
2011 at assessment sites within the LWP area had both a wider range of dissolved 
oxygen concentrations and higher mean concentrations than the monitoring stations 
(NCDWQ-WAT 2012c).   

The NCDWR standard for dissolved oxygen in flowing streams is 4.0 mg/L.  Values 
lower than 4.0 mg/L occur commonly in swamp streams, particularly in the summer, due 
to the combination of warm temperatures and low flow.  Naturally low dissolved oxygen 
levels in swamp streams may be exacerbated further by the presence of natural (e.g., 
beaver dams) and artificial impoundments and/or nutrient enrichment.  Dissolved 
oxygen concentrations < 2 mg/L may adversely impact fish and benthic 
macroinvertebrate populations.  This occurred frequently during spring through fall at all 
of the LWP area monitoring stations. 

For this reason, BOD and additional dissolved oxygen data were collected in 2013 to 
determine whether low dissolved oxygen conditions observed previously during LWP 
monitoring were the result largely of natural conditions or were exacerbated by 
anthropogenic impacts (NCDWR-WAT 2013).  Analysis of the data indicated no clear 
relationship between the BOD and dissolved oxygen concentrations within the LWP 
area or other nearby swamp streams examined in this study.  The BOD (Figure 6A) and 
dissolved oxygen concentrations (Figure 6B) within the LWP area in the spring of 2013 
were similar to those found in other nearby agriculturally impacted swamp streams and 
in the relatively pristine reference swamp stream, Colly Creek.   

Nutrients collected during the same time frame as  the low dissolved oxygen study 
(NCDWR-WAT 2013) generally were low at all sites and, with the possible exception of 
phosphorus, appear to have had a minimal impact on either the dissolved oxygen or 
BOD levels.   Total phosphorus concentrations had a weak negative correlation with 
dissolved oxygen and a weak positive correlation with BOD.  Dissolved oxygen 
concentrations were consistently below 1 mg/L when the P:N ratio exceeded 0.18 (i.e., 
P:N = 1:5.6).  This result suggests a possible nitrogen limitation at phosphorus 
concentrations > 0.2 mg/L. 
 
The data collected in this expanded DO study do not present a strong case to support 
either BOD or nutrient enrichment as a significant cause of low dissolved oxygen in the 
Great Coharie LWP area.  Low dissolved oxygen concentrations appear to be largely 
the result of natural conditions which occur during the spring and early summer in 
swamp stream systems that have low flow and extensive beaver dam complexes. 
However, DO values less than 0.2 mg/L are noted in the subwatershed section of this 
document (starting on page 30) since they may be associated with anthropogenic 
activities. 
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Figure 6.  Dissolved oxygen and BOD in the LWP area, in agriculturally impacted 
reference streams, and in an unimpacted reference stream, Colly Creek: A) BOD; B) 
dissolved oxygen at the BOD stations; C) all dissolved oxygen data for LWP area 
(2009-2013) and at agriculturally impacted and reference stations during 2013.  Data for 
the LWP area in each graph are oriented upstream to downstream.  A solid red line is 
the dissolved oxygen standard, 4.0 mg/L.  A solid black line is the grand mean for all 
data.  A dashed grey line is the PQL for BOD.  Symbol colors: orange = assessment 
sites; blue = monitoring stations; red = agriculturally impacted streams; green =  
reference stream (Colly Creek).   
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Fecal coliform bacteria.   

Fecal coliform counts ranged from 1 to 1200 cfu/100 mL (with the single exception of an 
excessive count of 120,000 cfu/100 mL  in 2011 below a pasture at GCCUT-1845 when 
cows were wading in the stream9) within the LWP area and 47 to 160 cfu/100 mL in 
Colly Creek (data not shown).  Fecal coliforms exceeded the 200 cfu/100 mL reference 
level one or more times at all sampling sites except KS-1710 and in Colly Creek.  
Instances where counts exceeded the 200 cfu/100 mL level potentially were associated 
with upstream animal operations and/or wildlife, and possibly the use of poultry manure 
fertilizer. 

pH. 
The pH varied from 5.1 to 6.7 SU in LWP area monitoring stations, 3.6 to 6.4 in 
assessment sites, 5.2 to 6.0 in agriculturally impacted streams, and from 2.9 to 3.4 SU 
at Colly Creek.  The low pH values at assessment sites and at Colly Creek are likely 
related to natural soil conditions within the watershed. 

Turbidity and suspended residues.   

Turbidities ranged from 1 to 100 NTU in the LWP area and from 1 to 2 NTU in Colly 
Creek.  Exceedances of the 50 NTU standard occurred at least once within each LWP 
watershed, however exceedances were isolated events and indicated no patterns 
throughout the LWP area.  The higher turbidities were likely the result of locally 
occurring bacteria, phytoplankton, and organic debris (NCDWQ-WAT 2012b).  

Total suspended residues ranged from less than the PQL10 to 49 mg/L in the LWP area 
and less than PQL to 12 mg/L in Colly Creek (NCDWQ-WAT 2012b) 

2. Biological assessments and habitat 

This section briefly summarizes the results of the benthic macroinvertebrates and 
habitat data collected by BAU and the aquatic vegetation survey. 

a. Benthic macroinvertebrates and habitat 

NCDWQ-BAU classified eight of nine benthic communities as under “moderate 
stress”, and only the site on Great Coharie Creek near its exit point of the LWP area 
(GCC-1636b) received a classification of “natural” (NCDWQ-BAU 2010).   

Summary statistics (Table 2) show that the NCBI (i.e. biotic index or “B.I”) varied 
from 6.16 to 7.88.  The number of EPT species ranged from 1 at KS-1706 and KS-
701 to 11 at SS-1703.  Total numbers of EPTs ranged from 2 to 49, and total taxa 
richness (i.e. all species present) ranged from 26 to 58.  The habitat total scores 
ranged from 50 at KS-50a, the uppermost site in Kill Swamp (also the smallest 
watershed sampled) to 88 at GCC-1636b, the largest watershed sampled.  A 

                                            
9
 Fecal counts were only 3 cfu/100 mL at this site in 2013.  The cows were gone, and the pasture had 

been converted to a wheat field. 
10

 The PQL for total suspended residues normally is 6.2 mg/L.  Every 10
th
 sample is split for laboratory 

QA/QC, resulting in a PQL of 12 mg/L. 



 

27 

 

comparison of the LWP results with data from 15 nearby swamp streams (Table 2) 
shows that benthic communities within the LWP area were generally in poorer 
condition than those in nearby swamp streams in spite of similar median and 
maximum total habitat scores and substrate scores.  This likely reflects the 
somewhat larger size of the drainage areas for the nearby swamp stream benthic 
stations and possibly a combination of lower flow and impacts of extensive 
impounding and vegetation in the LWP area upstream of benthic sites. 

 

Table 2.  Summary statistics for benthic macroinvertebrates and habitat substrate 
and total scores in the LWP area and in nearby swamp streams.   
 

Metric Site Type N Minimum Median Maximum Mean 

Benthos Metrics 

NCBI LWP Area 9 6.16 7.28 7.88 7.22 

 
Nearby Streams 15 6.01 6.82 8.06 6.84 

EPT Species LWP Area 9 1 3 11 4 

 
Nearby Streams 15 0 6 20 9 

EPT Total Numbers LWP Area 9 2 7 49 17 

 
Nearby Streams 15 0 25 100 37 

Total Taxa Richness LWP Area 9 26 38 58 41 

 
Nearby Streams 15 31 44 86 51 

Habitat Metrics and Drainage Areas 

Total Score LWP Area 9 50 80 88 77 

 
Nearby Streams 15 21 79 92 74 

Substrate Score LWP Area 9 4 8 14 8 

 
Nearby Streams 15 0 7 13 7 

Drainage Area (mi
2
) LWP Area 9 0.3 8.3 55 12.8 

Nearby Streams 15 0.41 20 66 25.8 

 

Analyses of water quality data vs benthic metrics (NCBI, EPT species, total EPT 
numbers, and total taxa richness) showed no significant relationships with water 
quality data or  land use/land cover types. Positive correlations were found between 
percent wetland area above the benthic stations and the number of EPT species 
present, total numbers of EPTs, and total taxa richness.   There was no significant 
relationship between vegetation density at benthos sites and benthic metrics, 
however the sites with the two best NCBI values for macroinvertebrates (GCC-1703 
and GCC-1636b) were those with the greatest diversity of plants. Higher plant 
diversity creates greater habitat diversity and usually results in greater faunal 
diversity. 
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b. Aquatic vegetation 

A visual survey conducted in the summer of 2010 and the spring and summer of 
2011 at 73 locations across the LWP area found that filamentous algae and/or 
common species of vascular aquatic plants were present in 43 of the sites, often as 
dense, nearly monoculture stands, particularly in open (swampy) areas and shallow 
channels. The large, open, stream-wetland complexes (swamps) with limited flow 
had the greatest variety of plants, whereas streams with more frequent and 
consistent flow tended to have fewer plants.  Thirty of the 73 sites either lacked 
vegetation entirely or were dry sites that contained only terrestrial plants. 

Filamentous algae occurred at more than half of the sites, usually as dense growths 
on other vegetation in open areas.  Four non-native invasive aquatic plant species, 
including Asian spiderwort (Murdannia keisak), alligatorweed (Alternanthera 
philoxeroides), creeping waterprimrose (Ludwigia hexapetala), and parrotfeather 
(Myriophyllum aquaticum), were present in the LWP area.  The dominant invasive 
plant was Asian spiderwort, which was present in 47% of the vegetated sites and 
often occurred in nearly monoculture stands.  Alligatorweed and creeping 
waterprimrose occurred in 21% and 14% of the sites, respectively, but parrotfeather 
was in only 3 (7%).   

A native species of smartweed (Polygonum hydropiperoides) was present in 47% of 
the vegetated sites and as nearly monoculture stands in several.  Native wetland 
grasses occurred at 23% of the sites and were occasionally very dense, particularly 
in shallow channels that had standing water or saturated soils.  Other common 
weedy native species including cattails (Typha latifolia), bladderwort (Utricularia 
spp.), and proliferating spikerush (Eleocharis baldwinii) were present across the 
LWP area.  

The presence of these dense growths of algae and aquatic vegetation is the result of 
a combination of factors including high nutrient availability, extensive shallow, open 
areas, low flow, and frequently impounded water.  A number of sites were 
recommended previously (NCDWQ-WAT 2012a) as priority sites for possible aquatic 
vegetation management (Figure 7).  One of these sites (GCC-1646) was artificially 
impounded by blockage of the culverts with accumulations of sand, mud and debris, 
and by a logjam that was piled up along the roadside against the culvert (Figure 8).  
This site poses a potential hazard due to flooding and possible washout of the 
roadway during extremely heavy rainfall and high flow. In 2012, NCDOT Highways 
Division removed the logjam, but did not clean out the culverts.  The NCDOT 
indicated that this fell under the jurisdiction of the Bridge Division.   
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Figure 7.  Sites which might benefit from vegetation management. 

 

  

Figure 8.  A) Vegetation above monitoring station GCC-1646 (Great Coharie Creek at 

Old Crow Rd.); B) blockage of culverts above the road by a logjam. 
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B. Summarization of Water Quality Concerns by Subwatershed 

The four swamp stream systems in the LWP area (Beaverdam Swamp, Kill Swamp, 
Sevenmile Swamp, and Great Coharie Creek) with their associated unnamed tributaries 
are subdivided into a total of 26 subwatersheds (Figure 9).   

 
Figure 9.  Great Coharie Creek watersheds and subwatersheds. 

 

This section first provides a brief overview of each of the four larger watersheds and 
then outlines specific concerns noted in the subwatersheds of each of the larger 
watersheds.  The subwatersheds in each of the four stream systems will be covered in 
an upstream to downstream order.  Data for watershed and subwatershed sizes and 
predominant land uses/land cover (Appendix 5) came from the Preliminary Findings 
Report (NCEEP 2010).  

Data for a subwatershed will be discussed only if one or more assessment sites within 
that subwatershed is designated either as “impacted” or “severely impacted” for 
nutrients, dissolved oxygen, or pH (Table 1).  The distribution of assessment sites in the 
LWP area where water quality concerns were identified were shown previously in Figure 
4.   
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1. Beaverdam Swamp 

Beaverdam Swamp, the most upstream of three named streams flowing into 
Great Coharie Creek, occupies a total of 9.5 mi2 in the northeastern portion of 
the LWP area.  Its confluence with Great Coharie Creek occurs along the 
northern edge of GCC-04 approximately 2.5 stream miles above the point 
where Great Coharie Creek exits the LWP area.  The major land use/land 
cover types are cropland (49%) and forest/wetland (28%).  This watershed is 
the most developed (approximately 9%) of the four in the LWP area, as it 
includes most of the Town of Newton Grove.  There are no major artificial 
impoundments along the mainstem, but beaver dams are abundant. 

The Beaverdam 
Swamp watershed 
(Figure 10) is divided 
into four 
subwatersheds.  
There are two 
monitoring stations, 
one BOD station, 22 
assessment sites, one 
benthic macro-  
invertebrate station, 
and three swine 
lagoons within the 
watershed.  A small 
wastewater treatment 
package plant for the 
Town of Newton 
Grove is located at 
the lower end of the 
watershed.    

Water quality 
concerns identified 
during monitoring and 
assessment activities 
include low dissolved oxygen concentrations throughout the watershed and 
high NOx, ammonia nitrogen, and phosphorus in the headwaters.   

  

 
Figure 10.  The Beaverdam Swamp 
watershed. 
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BDS-04.  This is the most upstream subwatershed in Beaverdam Swamp 
(Figure 11).  It occupies 3.7 mi2 and is approximately 51% cropland, 32% 
forest/wetland, and 5% developed. There are nine assessment sites and two 
swine lagoons in this subwatershed.  The mainstem and its major tributary in 
the eastern portion of the watershed have substantial riparian buffers except in 
the uppermost headwaters, where about 6 miles of unbuffered, highly modified 
channels pass through agricultural fields.   

Specific concerns and comments:  

 High phosphorus and ammonia nitrogen at A26 (US13-Ditch2) and 
BSUT1.13c, which are just downstream from a lagoon;  

 High NOx at A36 and A27 (BSUT1-13c), probably the result of runoff 
from agricultural fields;  

 Abundant filamentous algae at A33 (BSUT-1705a) suggests high nutrient 
input from the unbuffered fields above this site.  However, the NOx and 
phosphorus concentrations measured were not high when sampled.  The 
algae either may have been functioning as an effective nutrient filter or 
may have been a response to earlier nutrient enrichment.  

 

 
Figure 11.  Subwatershed BDS-04.  A number preceded by “A” is the map 
code for the assessment site.  
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BDS-03.  This subwatershed (Figure 12) is directly west of BDS-04 and enters 
Beaverdam Swamp at its confluence with BDS-04.  It occupies 2.8 mi2 and is 
approximately 55% cropland, 24% forest/wetland, and 6% developed. There 
are six assessment sites in this subwatershed, but no swine lagoons.  The 
main tributary flowing south into Beaverdam Swamp is well buffered, however 
at least six miles of branch tributaries draining agricultural fields either totally 
lack or have only partial riparian buffers. 

Specific concerns and comments:  
 

 Dissolved oxygen < 0.2 mg/L at A12 (BSUT-13c natural low flow 
conditions may be exacerbated by the presence of an approximately 8 
acre pond about 0.4 mi upstream;  

 High phosphorus at A12; 

 Slightly elevated fecal coliforms at A22 (BSUT-701), which drains 
agricultural fields and appears (from the map) to have some type of 
animal operations present.  

 Dense growths of filamentous algae and also an unidentified submersed 
(underwater) vascular plant appear to reflect nutrient enrichment from 
unbuffered fields in A22.    

 

 
Figure 12.  Subwatershed BDS-03.  A number preceded by “A” is the map 
code for the assessment site. 
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BDS-02.  This subwatershed (Figure 13A) lies directly south of the confluence 
of BDS-03 with BDS-04 and encompasses most of the urban area of the Town 
of Newton Grove.  It occupies 1.5 mi2 and is approximately 45% cropland, 
16% forest/wetland, and 25% developed. There are six assessment sites in 
this subwatershed and one monitoring station (BS-701), but no swine lagoons.  
The main tributary flowing south into Beaverdam Swamp is well buffered, 
however at least six miles of branch tributaries draining agricultural fields 
either lack entirely or have only partially intact riparian buffers. 

Specific concerns and comments:  
 

 Dissolved oxygen < 0.2 mg/L in the mainstem at the monitoring station 
BS-701 and at assessment sites A5 (BS-50) and A11 (BSUT-50b) from 
low flow and/or swamp conditions; 

 High fecal coliforms at BS-701, which receives runoff from roadside 
ditches in Newton Grove and two agricultural fields.   

 Dense growths of filamentous algae and an unidentified submersed weed 
were present at A4 (BSUTb-W_Grove).  This likely is the result of nutrient 
runoff from fields just to the north of this small subdivision;  

 Dense growths of filamentous algae, bladderwort, alligatorweed, and 
water pennywort were present at monitoring station BS-701(Figure 13B).  
The abundance of weedy vegetation reflects a combination of 
impounding, a relatively open tree canopy, and likely nutrient enrichment.  
This site was recommended for possible weed management to maintain 
an open channel to facilitate flow following heavy rainfall.  Weed 
abundance here and its influence on water quality, particularly dissolved 
oxygen, likely had an impact on the benthic macroinvertebrate site 
approximately 0.2 mile downstream. 
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Figure 13.  A) Subwatershed BDS-02.  A number preceded by “A” is the map 
code for the assessment site.  B) dense vegetation at BS-701. 

  

BS-701 
D.O. – min. 0.36 
Fecals – max 930 
Algae and other 
weeds 

B 

A 
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BDS-01.  This is the most downstream of the four subwatersheds (Figure 14); 
it lies along the southeast border with BDS-02.  It occupies 1.5 mi2 and is 
approximately 35% cropland, 36% forest/wetland, and 7% developed. There is 
one assessment site, one monitoring and one BOD station (both designated 
as BS-1800), and one benthos station (BS-701).  There is a single swine 
lagoon draining into a small tributary about 0.25 miles from the mainstem in 
the southern end of the watershed.  The wastewater treatment package plant 
for the Town of Newton Grove is just below the monitoring station.  The entire 
mainstem is well buffered.  Four small tributaries draining agricultural land are 
unbuffered at their origins, but have well developed riparian buffers along half 
or more of their length before entering the mainstem of Beaverdam Swamp.   

Specific concerns and comments:  
 

 Fecal coliforms were above 400 cfu/100 mL in the most upstream 
tributary at A2 (BSUT-701b) and slightly elevated at monitoring station 
BS-1800 (about 75% lower than maximum fecals upstream in BDS-02).   

 Conditions for benthic macroinvertebrates at BS-701 (actually in BDS-02 
just below monitoring station BS-701 in BDS-01) were rated as “moderate 
stress”.  This benthos site had the third highest (i.e. third poorest) Biotic 
Index (B.I.) and only 3 EPT species.  Low flow and extremely low 
dissolved oxygen were noted at the monitoring station BS-701 just 
upstream in subwatershed BDS-02 during the summer (see previous 
section) and likely were the cause of poor diversity reflected in the B.I. 
and small number of EPT species. 
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Figure 14.  Subwatershed BDS-01.  A number preceded by “A” is the map 
code for the assessment site. 

 

 

  

BS-1800 
D.O. – min 0.38 
Fecals – max 230 
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2. Kill Swamp 

Kill Swamp, the next downstream of three named streams flowing into Great 
Coharie Creek, occupies a total of 10 mi2 in the eastern and southeastern 
portion of the LWP area.  Its confluence with Great Coharie Creek occurs 
along the eastern edge of GCC-04 approximately 0.5 stream miles below 
Beaverdam Swamp and 2 stream miles upstream from the point where Great 
Coharie Creek exits the LWP area.  The major land use/land cover types are 
cropland (51%) and forest/wetland (38%); it is approximately 3% developed.  
There are no artificial impoundments sited on the mainstem, however aerial 
photos suggest that numerous beaver dams are present.   

The Kill Swamp watershed (Figure 15) is divided into five subwatersheds.  
There are four monitoring stations, one BOD station, seven assessment sites, 
and four benthic macro invertebrate sites within the watershed.  There also are 
14 swine lagoons.  The entire mainstem and most of the tributaries have well 
developed riparian buffers except at their most upstream sections.   

The primary water 
quality concerns 
identified during 
monitoring and 
assessment 
activities include 
low flow and 
dissolved oxygen 
across the entire 
watershed, 
especially in the 
mainstem, and 
elevated NOx and 
ammonia nitrogen, 
particularly in the 
headwaters.  

 

  

 
Figure 15.  The Kill Swamp watershed. 
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KS-05.  This subwatershed (Figure 16) lies directly north of KS-04.  It occupies 
2.9 mi2 and is approximately 46% cropland, 44% forest/wetland, and 2% 
developed. There are two assessment sites, one monitoring station, and one 
benthos station.  There is one swine lagoon in the lower part of the watershed 
about 0.1 mile east of the point where the two main tributaries merge and exit 
the subwatershed.  Both of these tributaries have a well developed riparian 
zone along about two thirds of their lengths, but the upstream sections and the 
smaller side tributaries are essentially unbuffered.   

Specific concerns and comments:  
 

 Nutrient issues are high ammonia nitrogen at KS-50 and at the 
assessment site A111 (KSUT-50d) and high phosphorus at KS-50.  

 High maximum fecal coliform counts (830 cfu/100) at the monitoring 
station KS-50. 

 The benthic community at A111 was in relatively poor condition 
(“moderate stress”) due largely to poor habitat diversity resulting from 
channelization and lack of connection of the channel with its floodplain.  
This site had the lowest habitat total score (50) of all nine benthic sites in 
the LWP area.   

 

 
Figure 16.  Subwatershed KS-05.  A number preceded by “A” is the 
map code for the assessment site. 
 

KS-50 
D.O. – min 0.4 
Fecals – max 830 
NH3 – max 2.5 
P – max 0.58 
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KS-04.  This subwatershed is immediately southeast of KS-05 and the most 
upstream of the Kill Swamp subwatersheds (Figure 17).  It occupies 1.5 mi2 
and is approximately 71% cropland, 22% forest/wetland, and 2% developed. 
There are three assessment sites, but no monitoring stations or benthos sites.  
There are three swine lagoons present along the southern edge of the 
subwatershed.  There is a good riparian buffer along the most downstream 
tributary and the western-most part of the mainstem.  The remainder of the 
mainstem and the smaller tributaries that drain cropland are entirely 
unbuffered.   

Specific concerns and comments:  

 The primary concerns within this subwatershed are high NOx and 
ammonia nitrogen at A104 (KSUT-1711b).  This assessment site is on 
the mainstem of Kill Swamp, but originally was thought to be on a 
tributary; the site name was carried over from previous reports to prevent 
confusion.  This site lies about 0.2 mile downstream from a poultry farm 
and drains croplands in the eastern half of the subwatershed as well as 
two roadside ditches along NC 50.  It was monitored multiple times 
between December 2010 and June 2011 and again during the 
assessments in 2013.   

 A dense growth of Asian spiderwort was present along the banks and in 
the channel at A104, likely reflecting the high nitrogen input from the 
surrounding unbuffered croplands.  Dense filamentous algae in A102 
(KS-Ditch2) likely reflects some nutrient enrichment, even though nutrient 
concentrations measured here were not high when sampling took place. 

 
Figure 17.  Subwatershed KS-04.  A number preceded by 
“A” is the map code for the assessment site. 
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KS-03.  This subwatershed (Figure 18) is immediately adjacent to the western 
edges of KS-05 and KS-04 and to the southeast edge of BDS-04.  It occupies 
2.6 mi2 and is approximately 58% cropland, 34% forest/wetland, and 4% 
developed. There is one assessment site, one monitoring station and one 
benthos station (both designated KS-1710).  There are seven swine lagoons 
within 500 to 1000 feet of the south side of the mainstem within the last 0.6 
mile of the western end of the subwatershed.  A good riparian buffer exists 
along the entire mainstem.  The tributaries drain cropland and are well 
buffered along the lower halves of their lengths before joining the mainstem.   

Specific concerns and comments:  
 

 Moderately high maximum values of ammonia nitrogen and phosphorus 
at monitoring station KS-1710 indicate possible nutrient stressors within 
this subwatershed.  Elevated nutrient concentrations in this subwatershed 
may have originated from upstream in subwatersheds KS-05 and KS-04.   

 The benthos station in this subwatershed (KS-1710) had the highest B.I. 
(i.e. poorest) and second lowest number of EPT species of nine benthic 
stations in the LWP area.  The site was classified “moderate stress”.  This 
likely is the result of very low flow and extremely low dissolved oxygen 
during the summer months resulting from swamp conditions and 
increased temperatures at the site and in both subwatersheds upstream 
(BDS-05 and BDS-04).  The BAU report indicated that there was a 
beaver dam upstream in the sampled reach and that a “significant 
amount of filamentous algae was present”.  A small growth of Asian 
spiderwort was present at the monitoring station (slightly downstream of 
the reach sampled for benthos), but no significant growth of filamentous 
algae was seen.     
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Figure 18.  Subwatershed KS-03.  A number preceded by “A” is the map code 
for the assessment site. 

  

KS-1710 
D.O. – min 0.65 
NH3 – max 1 
NOx  – max 1.2 
P – max 0.42 
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KS-02.  This subwatershed (Figure 19) lies adjacent to the southwest margin 
of KS-03 and the southeast margin of BDS-02.  It occupies 1.4 mi2 and is 
approximately 51% cropland, 36% forest/wetland, and 4% developed. There is 
one assessment site, one monitoring station and one benthos station (both 
designated KS-1706).  The map layer shows a single swine lagoon near the 
northeastern edge of the subwatershed; however, upon closer examination, 
this appears to be a farm pond.  The mainstem and two tributaries have a 
good riparian buffer, except at the uppermost end of the eastern tributary, 
which drains croplands and roadside ditches and lacks any buffer.   

Specific concerns and comments:  
 

 Very high ammonia nitrogen and TKN occurred at monitoring station KS-
1706; the elevated TKN likely reflects abundant bacteria, algae, and plant 
detritus.   

 Fecal coliforms were slightly elevated at KS-1706 and at A97 (KSUT-
1712). 

 The benthic community at KS-1706 was rated as “moderate stress”.  This 
site was one of two that had the lowest numbers of EPT species but was 
not rated as “severe” due to a high habitat total score (83).  The benthic 
community here, especially the EPT fauna, likely was severely impacted 
by extremely low dissolved oxygen during the summer.  The BAU report 
indicated that “lightly decomposed grasses were present in the stream 
channel”.  Upon further investigation, these “grasses” actually were a 
relatively dense growth of Asian spiderwort along the margins of the 
channel and in the adjacent swamp.  The presence of the spiderwort 
likely exacerbated the low oxygen conditions. 
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Figure 19.  A) Subwatershed KS-02.  A number preceded by “A” is the 
map code for the assessment site; B) vegetation at the monitoring station 
KS-1706. 

 

  

B

  
B 

KS-1706 
D.O. – min 0.6 
Fecal – max 320 
NH3 – max 4.4 
TKN – 12 

 

A 



 

45 

 

KS-01.  This is the most downstream of the five subwatersheds (Figure 20).  It 
lies to the southwest of KS-02 and flows into Great Coharie Creek along the 
eastern edge of GCC-04.  It occupies 1.6 mi2 and is approximately 31% 
cropland, 51% forest/wetland, and 4% developed. There is one monitoring 
station and one benthos station, both designated KS-701.  There are no 
assessment sites or swine lagoons in this subwatershed.  The entire mainstem 
and the two tributaries have good riparian buffers, except for about 800 ft. that 
is unbuffered along the west side of the northern tributary immediately above 
its confluence with Kill Swamp.   

Specific concerns and comments:  
 

 Phosphorus and TKN were high, but other nutrient maximum 
concentrations and fecal coliforms dropped at this site, possibly due to 
processing upstream within the swamp system.   

 The benthic community here was rated “moderate stress” and, in spite of 
being one of the two stations with the lowest EPTS, had a B.I. that was 
intermediate for the LWP area.  Low flow and extremely low oxygen 
during the summer likely had a significant impact on the benthic 
community.  There was very little observable vegetation in the channel at 
KS-701 during the growing season, however the vegetation report 
indicated that “large masses of decaying vegetation were observed here 
in February, 2011”, which likely had an impact on the benthos. 
 

 
Figure 20.  Subwatershed KS-01.  A number preceded by 
“A” is the map code for the assessment site. 
 
 
 

KS-701 
D.O. – min 0.39 
TKN – 12 
NOx  – max 0.1 
P – max 0.56 
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3. Sevenmile Swamp 

Sevenmile Swamp, the most downstream of the three named streams flowing 
into Great Coharie Creek, occupies a total of 18.1 mi2 in the western and 
southwestern portion of the LWP area.  Its confluence with Great Coharie Creek 
occurs along the western edge of GCC-01 approximately 1.5 stream miles 
below Kill Swamp and 0.5 stream miles above the point where Great Coharie 
Creek exits the LWP area.  The major land use/land cover types are cropland 
(48%) and forest/wetland (34%); it is approximately 4% developed.  There is 
one large artificial impoundment sited on the mainstem approximately 0.75 
stream miles above its confluence with Great Coharie Creek.  There also are 
beaver dams present.   

The Sevenmile Swamp watershed (Figure 21) is subdivided into six 
subwatersheds.  There are three monitoring stations, one BOD station, 22 
assessment sites, and two benthic macroinvertebrate sites within the watershed.  
There also are 10 swine lagoons.   

The major water 
quality concerns 
identified during 
monitoring and 
assessment 
activities include 
low flow and low 
dissolved 
oxygen in the 
downstream 
subwatersheds, 
and high NOx 
(except in the 
uppermost 
headwaters).   

 

  

 
Figure 21.  The Sevenmile Swamp watershed. 
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SMS-06.  This is the most upstream of the six subwatersheds (Figure 22).  It lies 
to the west of GCH-06 at the far west end of the LWP area.  This subwatershed 
occupies an area of 3 mi2 and is approximately 47% cropland, 39% 
forest/wetland, and 3% developed. There are three assessment sites but no 
monitoring stations, benthos sites, or swine lagoons.  The mainstem of 
Sevenmile Swamp does not enter this subwatershed.  One largely-channelized 
tributary drains the entire subwatershed, including two large Carolina bays and a 
very large, ditched agricultural field (about 300 acres), into Sevenmile Swamp in 
SMS-05. 

Specific concerns and comments:  
 

 The primary concern is that there are almost no riparian buffers along 
streams adjacent to any of the agricultural fields in SMS-06; 

 Low pH was noted at two assessment sites, A143 (SSUT-1620a) and 
A141 (SS-Ditch242a).  It is likely that this may be a natural phenomenon 
influenced by soil conditions (possibly peat beds) within the two large 
Carolina bays.  

 

 
Figure 22.  Subwatershed SMS-06.  A number preceded by “A” is the map 
code for the assessment site. 
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SMS-05.  This is the second most upstream of the six subwatersheds (Figure 
23).  It lies to the south of SMS-06 and GCH-05 and includes the origin of the 
mainstem of Sevenmile Swamp at its northwestern end.   It occupies 5 mi2 and 
is approximately 43% cropland, 32% forest/wetland, and 4% developed. There 
are six assessment sites but no monitoring stations, benthos sites, or swine 
lagoons.  The upper end of Sevenmile Swamp flows through and drains one 
very large Carolina bay, which appears to be converted largely to managed 
forests and field crops.  The lower third of the mainstem has a well-developed 
riparian buffer, but most of the tributaries in the southeastern third of the 
subwatershed are almost totally unbuffered.  There are two large 
(approximately 15 to 16 acres each) impoundments flowing to the mainstem 
about 0.75 and 0.25 stream miles above its exit into SMS-04. 

Specific concerns and comments:  
 

 The primary concern is high to very high NOx at two assessment sites in 
this subwatershed, A139 (SSUT-1637) and A134 (SSUT-1620d), 
respectively.  The elevated NOx at these sites most likely is the result of 
drainage of roadside ditches and largely unbuffered agricultural fields.   

 Dissolved oxygen < 0.2 mg.Loccurred at A139. 

 There also is one instance of low pH (3.72) at A134. 
 

 
Figure 23.  Subwatershed SMS-05.  A number preceded by “A” is the 
map code for the assessment site. 
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SMS-04.  This subwatershed lies immediately to the southeast of SMS-03 
(Figure 24).  It occupies 2.8 mi2 and is approximately 57% cropland, 31% 
forest/wetland, and 4% developed. There are five assessment sites and two 
swine lagoons but no monitoring stations or benthos sites in this 
subwatershed.  A well developed riparian buffer surrounds the entire mainstem 
and the lower halves of the tributaries.  Three tributaries and numerous 
unbuffered ditches drain the croplands to the north and south of the mainstem.   

Specific concerns and comments:  
 

 High NOx at three assessment sites, A125 (SSUT-1639), A124 (SS-
Ditch1620), and A127 (SSUT-13a), is the primary concern in this 
subwatershed.   All of these sites received drainage from roadside 
ditches bordering cropping fields.  It should be noted, however, that NOx 
is very low on a mainstem assessment station A126 (SS-13), in spite of 
the fact that concentrations of both are elevated substantially upstream in 
SMS-05 and SMS-04.  This most likely is the result of nutrient processing 
within the swamp.  

  A very dense growth of filamentous algae was present at A124, most 
likely as a response to the high NOx measured at that assessment site. 

 

 
Figure 24.  Subwatershed SMS-04.  A number preceded by “A” 
is the map code for the assessment site. 
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SMS-03.  This subwatershed is immediately north of SMS-04 (Figure 25).  It 
occupies 3.5 mi2 and is approximately 54% cropland, 30% forest/wetland, and 
3% developed. There are four assessment sites (SSUT-1640a, SSUT-1640b, 
SSUT-1640d, and SSUT-1644) and one monitoring station and one benthos 
site (both designated SSUT-13b) present, as well as four swine lagoons.  The 
monitoring site initially was impounded downstream by a beaver dam, but this 
subsequently was removed and flow was restored. One large unnamed 
tributary drains SMS-03 and flows into Sevenmile Swamp at the southeastern 
edge of the subwatershed.  The upstream half of this tributary and several 
small tributaries draining roadside ditches and cropland are largely or entirely 
unbuffered.    

Specific concerns and comments:  
 

 Moderately high NOx at the monitoring station (SSUT-13b) and high NOx 
at two assessment sites, A122 (SSUT-1640d) and A123 (SSUT-1644) is 
the primary concern in this subwatershed.   Both assessment sites 
received drainage from roadside ditches bordering cropping fields.   

 High phosphorus and ammonia nitrogen at A123 and the monitoring 
station and a high fecal reading at the monitoring station may reflect input 
from the swine lagoons upstream. 

 The entire monitoring station had an extremely dense growth of Asian 
spiderwort covering most of the channel and all of the adjacent swamp 
likely stimulated by high nutrient input from SMS-03 and both upstream 
subwatersheds. 

 The benthic community here had a high B.I. (7.65) and received a rating 
of “moderate stress”, most likely the result of extremely low dissolved 
oxygen at this site and elsewhere upstream.  The BAU report noted that 
“nearly the entire reach was covered with lightly decomposed grassy 
vegetation”.  This vegetation (spiderwort) likely exacerbated problematic 
oxygen conditions impacting benthos at this site.  
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Figure 25.  A) Subwatershed SMS-03.  A number preceded by “A” is the map code for 
the assessment site; B) vegetation in SSUT-13b upstream C) vegetation in SSUT-13b 
downstream 
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SMS-02.  This subwatershed lies immediately to the east of SMS-03 and 
SMS-04 (Figure 26).  It occupies 2 mi2 and is approximately 42% cropland, 
37% forest/wetland, and 5% developed. There are four swine lagoons and one 
assessment site but no monitoring station or benthos sites within this 
subwatershed.  The entire mainstem and the majority of the two tributaries on 
the north side of Sevenmile Swamp have good riparian buffers, but the 
southern tributary is largely unbuffered.  The north tributary drains a large 
Carolina bay, which appeared to be largely managed forest as well some as 
cropland and roadside ditches.   

The single assessment site A118 (SSUT-1845) showed no issues, based on 
field meter readings (no chemistry data collected here).  There is an 
approximately 5-acre farm pond about 0.25 mile below the swine lagoon on 
the northeast tributary.  No assessments were conducted below this or 
downstream from the other swine lagoons because of inadequate access.  

 
Figure 26.  Subwatershed SMS-02.  A number preceded by “A” is the map 
code for the assessment site. 
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SMS-01.  This is the most downstream of the six subwatersheds in Sevenmile 
Swamp (Figure 27).  It occupies 1.8 mi2 and is approximately 40% cropland, 
42% forest/wetland, and 9% developed.  There are two monitoring stations 
(SS-1703 and SS-1804), one benthos site (SS-1703), and three assessment 
sites but no swine lagoons.  The entire mainstem and its tributaries have well 
developed riparian buffers.  There is one large artificial impoundment (House’s 
Mill Pond) about two thirds of a mile above the exit point of Sevenmile Swamp 
from the subwatershed and its confluence with Great Coharie Creek in GCC-
01. 

Specific concerns and comments:  
 

 High NOx occurred at assessment site A115 and moderately high NOx at 
both monitoring stations (SS-1804 and SS-1703). 

 The benthic community at SS-1703 had a high B.I. (7.05) in spite of the 
highest number of EPT species in the LWP area and was rated 
“moderate stress”.  Very low dissolved oxygen during the summer here 
and elsewhere upstream in Sevenmile Swamp appear to be the major 
factor that has impacted the benthic community. 
 

 
Figure 27.  Subwatershed SMS-01.  A number preceded by “A” is the map 
code for the assessment site. 

SS-1703 
D.O. – min 0.4 
NOx – max 2.6 

SS-1804 
D.O. – min 1.72 
NOx – max 1.8  
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4. Great Coharie Creek 

Great Coharie Creek flows southeasterly from the northern edge of the LWP 
area to its exit point about 12 miles downstream along the southern edge of 
the LWP area.  Great Coharie Creek watershed occupies a total of 15.7 mi2 
and receives flow from Beaverdam Swamp, Kill Swamp, and Sevenmile 
Swamp in the lowermost 2.5 miles of the mainstem.   

The major land use/land cover types are cropland (27%) and forest/wetland 
(36%); it is approximately 5% developed.  There are two large artificial 
impoundments sited on the mainstem and a third impoundment created by 
logs and debris blocking culverts that run under the road at the location of the 
uppermost monitoring station.  The log jam was cleared, but the culverts are 
still blocked by sediment and debris.  There also are beaver dams present.   

The Great Coharie Creek watershed (Figure 28) is subdivided into 
11subwatersheds.  There are three monitoring stations, 27 assessment sites, 
and two benthic macro invertebrate sites within the watershed.  There also are 
5 swine lagoons.   

The major 
water quality 
concerns 
identified 
during 
monitoring 
and 
assessment 
activities 
include low 
flow and 
concomitantly 
low dissolved 
oxygen and, 
to a lesser 
extent, 
ammonia 
nitrogen.  The pH was unusually low in several locations in the headwaters.   

 

 

  

 
Figure 28.  The Great Coharie Creek watershed. 
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GCH-05.  This subwatershed lies immediately west of SMS-6 and north of 
SMS-05 and is the most upstream of eleven subwatersheds in the Great 
Coharie Creek watershed (Figure 29).  It occupies 2.4 mi2 and is 
approximately 52% cropland, 35% forest/wetland, and 7% developed.  There 
are five assessment sites (GCC-1635_DitchA, GCC-1635_DitchB, GCC-
1636a, GCCUT-1635, and GCCUT-1636a) and one swine lagoon, but no 
monitoring stations or benthos sites in this subwatershed.  The mainstem 
originates in the western end of the watershed below a poultry farm and drains 
the surrounding agricultural fields and managed forests.   The mainstem has a 
good riparian buffer along its entire length within GCH-05 except the 
uppermost end near the poultry farm.  There is one largely buffered tributary 
on the north side which joins the mainstem at its exit point from the 
subwatershed.  There also appears to be another largely buffered tributary 
(not shown as a blue line on the map) which passes below the swine lagoon 
and enters the mainstem about 0.2 mile east of the poultry farm.   

Specific concerns and comments:  
 

 The concern in this subwatershed is slightly elevated NOx at assessment 
site GCC-1636a. The elevated NOx was likely the result of agricultural 
runoff into roadside ditches draining into the site. 

 The pH was slightly below the 4.3 standard at GCCUT-1636a.  No 
chemistry data were collected here. 
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Figure 29.  Subwatershed GCH-05. 
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GCH-04.  This subwatershed begins immediately east of GCH-05 and flows 
east and southeast into GCH-02 (Figure 30).  It occupies 1.4 mi2 and is 
approximately 47% cropland, 32% forest/wetland, and 12% developed. There 
are three assessment sites (GCC-1635_DitchD, GCC-1643, and 
GCC_55DitchB) and one monitoring station (GCC-1646) but no benthos sites 
or swine lagoons in the subwatershed.  The mainstem has a wide riparian 
buffer throughout GCH-04, and there are no tributaries.  One large (about 20 
acres) artificial impoundment (Blackman’s Pond) is located on the mainstem in 
the upper third of GCH-04, and there are numerous beaver dams both 
upstream and downstream from this impoundment.  There also is a large 
(estimated to be 5 to 7 acres), heavily vegetated, impounded area above 
GCC-1646 caused by blockage of the culverts under SR-1646 by a large 
logjam and sedimentation.   

Specific concerns and comments:  
 

 Ammonia nitrogen was slightly elevated at GCC-1646.   

 Phosphorus also was slightly elevated at GCC_55DitchB and 
downstream at GCC-1646.  Both sites receive runoff from croplands via 
roadside ditches. 

 Heavy siltation present throughout the swampy area above the roadway 
and in the culvert as well as logs and debris piled against the culvert pose 
a flooding hazard.   

 The area immediately above monitoring station GCC-1646 is almost 
totally covered with a variety of native and invasive exotic vegetation.  
Filamentous algae, bladderwort and proliferating spikerush (both are 
submersed native plants), and creeping waterprimrose (an invasive 
emergent mat-forming weed) were very dense.  Many other plants were 
present growing on the muck and silted-in areas and on sudds (floating 
islands of plant debris and silt).  The plant growth and debris covering the 
area above the monitoring station are retarding flow and are contributing 
to the low oxygen conditions here.  This location was suggested 
previously as a candidate for weed management as well as for removal of 
the logjam and sediment blocking the culverts. 

 Dense growths of filamentous algae and Asian spiderwort were present 
at BCC_55DitchB. 
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Figure 30.  A) Subwatershed GCH-04; B) vegetation above GCC-1646. 
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GCH-03.  This subwatershed is located at the southeast corner of GCH-04 
(Figure 31).  It occupies 1.1 mi2 and is approximately 51% cropland, 38% 
forest/wetland, and 6% developed. There are two assessment sites (GCCUT-
1644 and GCCUT-1643) but no monitoring stations, benthos sites, or swine 
lagoons.  There is a single central tributary which drains the entire 
subwatershed and flows northeasterly to its confluence with Great Coharie 
Creek at the edge of GCH-02.  This tributary is well buffered except for a short 
portion at its upstream end, which borders crop fields.  A large (about 1.5 
acres) beaver dam can be seen about 0.2 mile above the confluence with the 
mainstem.    

Specific concerns and comments:  
 

 The NOx concentration was very high at GCCUT-1644 . 
 A dense growth of Asian spiderwort present at GCCUT-1643 likely 

reflects the high input of NOx from GCCUT-1644, which is about 0.2 mile 
upstream.  
 

 
Figure 31.  Subwatershed GCH-03. 
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GCH-02.  This is immediately east of GCH-04 and GCH-03 and contains the 
mainstem of Great Coharie Creek and three tributaries entering from the north 
side (Figure 32).  It occupies 1.6 mi2 and is approximately 59% cropland, 30% 
forest/wetland, and 4% developed. There are two assessment sites (GCC-
1647 and GCC-1648a) and one swine lagoon but no monitoring stations or 
benthos sites in the subwatershed.  The mainstem has a wide riparian buffer 
along its entire length, but the three tributaries draining roadsides and 
croplands are largely unbuffered.  There is one large (about 25 acres) artificial 
impoundment (Weldon’s Mill Pond – mislabeled on the stream layer as 
Blackman’s Pond) in the upper half of GCH-02.   

Specific concerns and comments:  
 

 Fecal coliforms were slightly elevated at GCCUT-1648a. 

 There were no water quality problems at GCC-1647, however, it is 
notable that the higher dissolved oxygen at this station is likely related to  
aeration from the spillway at Weldon’s Mill Pond just above GCC-1647 as 
well as the presence of open water in most of the mill pond.   

 There was a dense growth of an invasive exotic weed, creeping 
waterprimrose, forming floating mats along both sides of the channel at 
this site.  This site was designated previously as a possible location for 
weed management to prevent potential blockage of the channel and to 
reduce the chance of plant fragmentation from this site taking root further 
downstream and creating a new weed infestation. 
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Figure 32.  A) Subwatershed GCH-02; B) vegetation at GCC-1647. 
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GCH-01.  This watershed is located east of GCH-02 and north of GCC-05 and 
GCC-06 and its major tributary drains south into the mainstem of Great 
Coharie Creek at its juncture with these two latter subwatersheds (Figure 33).  
It occupies 1.6 mi2 and is approximately 51% cropland, 25% forest/wetland, 
and 6% developed. There are two assessment sites (GCCUT-50a and 
GCCUT-50c) but no monitoring stations, benthos sites, or swine lagoons.  The 
primary tributary and its two main branches are well buffered except along the 
upper reaches, which drain agricultural fields, roadside ditches, I-40, and a 
major interchange with I-40 at NC-50.  There is one large (about 6 acres) farm 
pond draining into the eastern fork of the main tributary just southeast of the I-
40 interchange.   

Specific concerns and comments:  
 

 Conductance and NOx were slightly elevated at GCCUT-50a.  The 
source of elevated NOx likely is agricultural fields above the site. 
 

 
Figure 33.  Subwatershed GCH-01. 
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GCC-06.  This is the most upstream of six GCC subwatersheds, which make 
up the lower portion of the Great Coharie Creek watershed (Figure 34).  It lies 
immediately below GCH-02 and to the southeast of GCH-03.   It occupies 2.1 
mi2 and is approximately 49% cropland, 36% forest/wetland, and 3% 
developed. There are four assessment sites (GCCUT-1647a, GCCUT-1647b, 
GCCUT-13b, and GCCUT-13c) but no monitoring stations, benthos sites, or 
swine lagoons in this subwatershed.  This subwatershed is drained by one 
large tributary, which flows easterly to its confluence with Great Coharie Creek 
in GCC-05.  The downstream half of this tributary has a well developed 
riparian buffer, but the upper half and the smaller branch tributaries draining 
cropland and roadside ditches are mostly unbuffered.  There is a farm pond 
(about 1 acre) 300 ft. above GCCUT-1647b. 

Specific concerns and comments:  
 

 Ammonia nitrogen was slightly elevated in GCCUT-13b. 

 Phosphorus was slightly elevated at GCCUT-1647b. 
 Slightly elevated NOx occurred at GCCUT-13c.  

 

 
Figure 34.  Subwatershed GCC-06. 
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GCC-05.  This subwatershed is immediately below GCH-02 and GCH-01, with 
GCC-6 on the west and BDS-01 on the east, and contains the mainstem of 
Great Coharie Creek which flows south through the central portion of the 
subwatershed (Figure 35).  It occupies 0.9 mi2 and is approximately 35% 
cropland, 45% forest/wetland, and 10% developed. There is one assessment 
site (GCC-13) as well as one monitoring station and one benthos station (both 
designated GCC-1703).  There are no swine lagoons in this subwatershed.  
The entire mainstem has a good riparian buffer.  The single tributary entering 
from the northeast is well buffered in its lower half, but the upper portion 
draining cropland is totally unbuffered.    

Specific concerns and comments:  
 

 Phosphorus was slightly elevated at the monitoring station GCC-1703. 

 Asian spiderwort was extremely dense along the margins of the channel 
and in the adjacent swamp at the monitoring station.  Filamentous algae, 
bladderwort, and smartweed also were common.   

 The benthic macroinvertebrate population at GCC-1703 had the second 
lowest B.I. (i.e. second best) in the LWP area but still was rated 
“moderate stress”.  The BAU report indicated a “large amount of organic 
material present in the form of lightly decomposed grasses” at this site.  
Low oxygen conditions, likely exacerbated by the dense vegetation, may 
have prevented this site from receiving a rating of “natural”, as occurred 
more downstream at the exit point of the LWP area (i.e. at GCC-1636b). 
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Figure 35.  A) Subwatershed GCC-05; B) vegetation at GCC-1703. 
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GCC-04.  This subwatershed lies below GCC-06 and GCC-05 (Figure 36)     
and has two tributaries draining into Great Coharie Creek in the eastern 
portion of the subwatershed.  This subwatershed occupies 1 mi2 and is 
approximately 32% cropland, 55% forest/wetland, and < 1% developed. There 
are no assessment sites, monitoring stations, or benthos sites present.  The 
mainstem is a highly-braided swamp throughout GCC-04.  One large swine 
lagoon is located in the northeast corner on a small, largely buffered tributary 
draining west into the swampy area.  A second, very small lagoon showing on 
the map layer just to the east of the large lagoon appears to be a very small, 
dry pond, rather than a swine lagoon.  A large tributary that is well buffered 
except along the upper third of its length drains SR-1703.  Cropland and 
managed forest dominate the northwestern half of the subwatershed.  There 
are two farm ponds that appear to have channels flowing into this tributary.  
Both Beaverdam Swamp and Kill Swamp flow into Great Coharie Creek in the 
eastern portion of this subwatershed.  

 
Figure 36.  Subwatershed GCC-04. 
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GCC-03.  This subwatershed is located to the southwest of GCC-04 (Figure 
37).  It occupies 1.3 mi2 and is approximately 58% cropland, 22% 
forest/wetland, and 3% developed. There are two assessment sites (GCCUT-
1703a and GCC-1647_Ditch1, the latter of which really should have been 
designated as a UT) but no monitoring stations, benthos stations, or swine 
lagoons present.  A single large tributary flows southeasterly through the 
center of this subwatershed to its confluence with Great Coharie Creek at the 
upper end of GCC-01.  This tributary has a well developed riparian buffer , 
except at its upper end where it branches and drains cropland and managed 
forest. There are numerous beaver ponds on the tributary as well.  A smaller 
tributary enters the larger one from the south side about 0.25 mile above the 
confluence with Great Coharie Creek.  It is well buffered in the lower half, but 
the upper portion draining crop fields totally lacks a buffer.  It also drains two 
medium-sized farm ponds.   

Specific concerns and comments:  
 

 The NOx concentration was moderately high at GCCUT-1703a, possibly 
because of runoff from crop fields into the roadside ditches flowing to this 
site. 

 Fecal coliforms and ammonia nitrogen were slightly elevated at GCC-
1647_Ditch1.  This may reflect wildlife inputs, as there are no lagoons or 
animal operations nearby. 

 Vegetation was abundant both in the channel and in the adjacent swamp 
at GCCUT-1703a.  A native emergent plant, lizard’s tail dominated the 
site.  A dense growth of the native submersed plant, bladderwort, 
completely filled the open-water areas.  It is likely that this latter plant 
contributed significantly to the low dissolved oxygen conditions here.   
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Figure 37.  A) Subwatershed GCC-03; B) vegetation at GCCUT-1703a. 
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GCC-02.  This subwatershed is located along the southeastern margin of the 
LWP area between KS-01 on the north and GCC-01on the south (Figure 38).  
It occupies 0.8 mi2 and is approximately 59% cropland, 34% forest/wetland, 
and 4% developed. There are two assessment sites (GCCUT-1802 and 
GCCUT-1845a) but no monitoring stations, benthos stations, or swine lagoons 
present.  A single large tributary flows west to its confluence with Great 
Coharie Creek at the edge of GCC-01.  This tributary is formed by the 
convergence of a northern and a southern branch, which drain roadside 
ditches and croplands in the eastern half of GCC-02.  There appears to be a 
large beaver dam at this point of convergence.  All of the tributary except the 
extreme upper ends of the two branches is well buffered.   

Specific concerns and comments:  
 

 The primary is moderately elevated NOx at GCCUT-1845a. 
 High conductance about 0.3 mile upstream at GCCUT-1802 suggests 

that the source of the NOx at GCCUT-1845a may have been ditches 
draining agricultural fields into the upstream site. The decrease in 
conductance going downstream between these two sites supports this 
hypothesis , given the frequently strong relationship between 
conductance and NOx. A dense growth of cattails was present at GCC-
1802 and may have constricted flow at this site as well as contributed to 
the low dissolved oxygen from decomposition of accumulated plant 
detritus.    
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Figure 38.  Subwatershed GCC-02. 
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GCC-01.  This subwatershed is the most downstream in the LWP area (Figure 
39).  It is located directly below GCC-02, GCC-03, and GCC-04 and includes 
the exit point of Great Coharie Creek from the LWP area.  It occupies 1.5 mi2 
and is approximately 37% cropland, 55% forest/wetland, and 3% developed. 
There are three assessment sites (GCC-1845, GCCUT-1845, and GCCUT-
1803), one monitoring and benthos station (both designated GCC-1636b), and 
one swine lagoon in this subwatershed.  The entire mainstem and most of the 
lengths of the three tributaries have good riparian buffers.  Sevenmile Swamp 
enters the mainstem at the southwest corner of the watershed about 600 ft 
above the monitoring station and half a mile above the exit point of Great 
Coharie Creek from the LWP area.   

Specific concerns and comments:  

 High NOx occurred at GCCUT-1803.  This site is located on a tributary 
receiving runoff from roadside ditches and is unbuffered upstream where 
it passes through croplands.   

 NOx actually decreased at the monitoring station in spite of high 
concentrations entering the system from upstream.  This indicates a 
strong buffering capacity forof the swamp system to retain or process 
NOx. 

 Phosphorus and fecal coliforms were slightly elevated at GCC-1636b. 
 A  serious (and easily rectifiable) concern was the condition observed at 

GCCUT-1845: low oxygen and very high ammonia nitrogen, TKN, and 
phosphorus, and an extreme fecal coliform count.  This site was below a 
pasture, and cattle were seen wading in the stream just after water 
samples were collected.  This location was indicated previously 
(assessment report) as a good location for a BMP to exclude cattle (the 
cattle have been removed since the high nutrient and fecal measurement 
in 2011, and the field has been converted to agricultural crops).  
Enhancement by planting vegetation along the stream adjacent to the 
pasture also would be beneficial. 

 The benthic community at the monitoring station (GCC-1636b) had the 
lowest B.I. (best), the second highest number of EPT species, and was 
the only benthic site in the LWP area rated “Natural”.   

 Very dense growths of Asian spiderwort as well as moderate growths of 
alligatorweed were present along the banks and as marginal floating 
mats both above and below the bridge at GCC-1636b.  These weeds did 
not block the channel or have a significant impact on flow here. 
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Figure 39.  Subwatershed GCC-01. 

 

 

  

GCC-1636b 
D.O. – min 0.46 
NOx – 0.66 
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V. CONCLUSIONS 

 

 Water quality data (field meter and water chemistry) and conditions for aquatic 

life within the stream and swamp systems of the Great Coharie Creek LWP area 

were similar to those observed in nearby Cape Fear basin coastal plain swamp 

streams (both agriculturally impacted and the reference).  

 Low rainfall, very dry soils, and swamp conditions combined with numerous 

beaver dams and several artificial impoundments caused low to negligible flow 

across the entire LWP area during the monitoring and assessment period.   

 The primary water quality concerns within the LWP area were nutrient 

enrichment.   

 The adverse impacts of limited flow are reflected by the low dissolved oxygen 

concentrations observed largely during the summer at many locations, 

particularly in the more heavily impounded portions of the four stream 

watersheds.  These low oxygen conditions should not be considered unusual as 

they are typical of those occurring in swamps and swamp streams throughout the 

lower Cape Fear coastal plain. 

 The data collected in 2013 at selected monitoring stations in the LWP area and 

at nearby agriculturally impacted and reference swamp streams did not show any 

strong relationships between low dissolved oxygen and either BOD or nutrients.   

 Low flow and impounding also created conditions conducive to excessive growth 

of filamentous algae and weedy invasive and native vegetation, which further 

exacerbated flow and dissolved oxygen problems. 

 Low flow, swamp conditions, and impounding do have beneficial effects by the 

retention and processing of nutrients that otherwise would have been passed 

downstream and possibly by retaining of fecal coliform bacteria.  

 The presence of beaver impoundments and a broad swamp floodplain generally 

reduce the flashiness of streams following significant rainfall by forcing runoff 

waters laterally into the adjacent wetlands, reducing the likelihood of downstream 

flooding following all but extremely heavy rainfall.   

 Fecal coliform bacteria do not constitute a widespread water quality issue in the 

LWP area.  There are a few localized hotspots which may benefit from 

implementation of simple BMPs, such as fencing out of cattle. 

 Nutrient sources include agricultural field crops, turfgrass production, and 

livestock operations (including pastures) and are present largely in headwater 

subwatersheds and along very small tributaries.  Many of these areas are either 

ditches or channelized streams which lack riparian buffers and could benefit from 

enhancement or restoration. 
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 Subsurface drainage from agricultural fields and groundwater in highly pervious 

soils may be a source of nutrient enrichment, particularly NOx.   

 Nutrient input may change spatially from year to year due to changes in fertilizer 

regimes resulting from crop rotations and/or land use changes, such as 

conversion of a pasture to field crops. Analysis of agricultural activity patterns 

was not identified in preliminary reports and so was beyond the scope of the 

LWP work.    

 Application of poultry manure fertilizers during periods of high wind may have 

increased nitrogen, phosphorus, and fecal coliform bacteria in nearby streams. 

 Benthic macroinvertebrates were classified as under “moderate stress” in all 

except the most downstream location near the exit point of Great Coharie Creek 

from the LWP area, which was classified as “natural”.  This was the result of a 

combination of poor flow, low dissolved oxygen conditions, and lack of suitable 

habitat for colonization by the less tolerant species.  Excessive decomposing 

vegetation may have adversely impacted the structure of benthic communities.   

 Benthic communities within the LWP area, although rather depauperate, are in 

similar condition as those in other swamp streams in the lower Cape Fear basin.   

 

VI. RECOMMENDATIONS 

  

 Implementation of BMPs (e.g., fencing to restrict livestock access to streams), 

enhancements to the riparian zones along small headwater tributaries, and full 

restorations at selected sites may provide improvement to water chemistry.  

 A modification to agricultural field management practices, such as avoiding 

application of poultry manure fertilizers during periods with high wind, potentially 

could help reduce nitrogen and phosphorus enrichment and fecal coliform 

contamination of agricultural drainage into nearby streams.  County, state, and 

federal agricultural agencies should work with farmers to develop a fertilizer 

management program that avoids, in so far as possible, the application of poultry 

manure during periods of excessive wind.  This potentially could help reduce 

nitrogen and phosphorus enrichment and fecal coliform contamination of 

agricultural drainage into nearby streams.   

 Monitoring programs, at least in primarily agricultural watersheds, should 

encompass more than one growing season to account for changes in fertilizer 

regimes resulting from crop rotations and changes in land uses. 

 Future LWPs developed for coastal plain streams should include monitoring of 

subsurface drainage in low-lying agricultural areas and groundwater in highly 

pervious soils as part of their watershed assessments. 
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 Impoundments, whether natural or manmade, should be left intact unless they 

present a significant hazard for flooding and safety, as they retain nutrients and 

sediments that otherwise would be transported downstream and also provide 

habitat for fish and wildlife.   

 Local, county, and state agencies need to work jointly with local property owners 

and other interested stakeholders to develop a workable vegetation management 

program for the Great Coharie Creek LWP area.   

 The local advisory team should develop and implement an educational program 

to inform residents about water quality issues and to encourage their participation 

in practices towards water quality improvement within the LWP area.   

 Fish surveys may be warranted to determine whether conditions suitable for 

aquatic life have improved following the implementation of BMPs, enhancements, 

and restorations.  One survey necessarily needs to occur prior to implementation 

and another several years after implementation.   

 Additional benthic macroinvertebrate monitoring at the nine original sites may be 

warranted several years post-implementation, provided that stream flow can be 

improved significantly and maintained. 

 Although low DO is naturally occurring in the LWP and the reference stream, DO 

values < 0.2 mg/L may be associated with nutrient imput additional stressors and 

may warrant further investigation.   
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APPENDIX 1 

Locations, Coordinates, and Data Collected at Each Assessment Site  

     
Measurements 

Map 
Code Site Code Location Latitude Longitude 

Field 
Meters Nutrients 

A26 BS-1703 Beaverdam Swamp at SR 1703 (Old Goldsboro Rd) 35.2634 -78.3323 X 
 A29 BSUT-13a UTa to Beaverdam Swamp at US 13 (Goldsboro Rd) 35.2671 -78.3177 X 
 A12 BSUT-13c UTc to Beaverdam Swamp at US 13 (Goldsboro Rd) 35.2532 -78.3428 X 
 A13 BSUT-13d UTd to Beaverdam Swamp at US 13 (Goldsboro Rd) 35.2501 -78.3472 X 
 A19 BSUT-1703b UTb to Beaverdam Swamp on SR 1703 (N Church St at US 701) 35.2517 -78.3556 X 
 A3 BSUTb-W-Grove UTb to Beaverdam Swamp at W Grove St 35.2485 -78.3617 X 
 A4 BSUTc-W-Grove UTc to Beaverdam Swamp at W Grove St 35.2483 -78.3621 X 
 A89 GCC-1635DitchA Ditch A to Great Coharie Cr on SR 1636 (Maple Grove Ch Rd) 35.2408 -78.4560 X 
 A90 GCC-1635DitchB Ditch B to Great Coharie Cr on SR 1636 (Maple Grove Ch Rd) 35.2407 -78.4531 X 
 A85 GCC-1635DitchD Ditch D to Great Coharie Cr on SR 1636 (Maple Grove Ch Rd) 35.2427 -78.4357 X 
 A37 GCC-1845 Great Coharie Creek at SR 1845 (Rosin Hill Rd.) 35.1962 -78.3640 X 
 A93 GCCUT-1635 UT to Great Coharie Cr at Maple Grove Church Rd 35.2407 -78.4476 X 
 A101 GCCUT-1636b UTb to Great Coharie Cr at SR 1636 (Easy St) 35.2371 -78.4515 X 
 A81 GCCUT-1643 UT to Great Coharie Cr at SR 1643 (Oak Grove Ch Rd) 35.2325 -78.4159 X 
 A64 GCCUT-1647a UTa to Great Coharie Cr at SR 1647(Warrens Mill Rd) 35.2248 -78.3972 X 
 A72 GCCUT-50c UTc to Great Coharie Cr at NC 50 35.2499 -78.3745 X 
 A110 KSUT-50c UTc to Kill Swamp at NC 50 35.2464 -78.2921 X 
 A143 SSUT-1620a UTa to Sevenmile Swamp at SR 1620 (Timothy Rd) 35.2424 -78.4979 X 
 A135 SSUT-1620e UTe to Sevenmile Swamp at SR 1620 (Timothy Rd) 35.2172 -78.4499 X 
 A118 SSUT-1845 UT to Sevenmile Swamp at SR 1845 (Rosin Hill Rd) 35.2046 -78.3972 X 
 A23 BS-13 Beaverdam Swamp at US 13 (Goldsboro Rd) 35.2603 -78.3321 X X 

A24 BS-1700 Beaverdam Swamp at SR 1700 (Harper House Rd) 35.2784 -78.3319 X X 

A25 BS-1702 Beaverdam Swamp at SR-1702 (Rose Rd) 35.2690 -78.3320 X X 

A5 BS-50 Beaverdam Swamp at NC 50 35.2428 -78.3437 X X 

A27 BSUT1-13c UT1c to Beaverdam Swamp at US 13 35.2687 -78.3140 X X 

A15 BSUT-1700a UTa to Beaverdam Swamp at SR 1700 (Harper House Rd.) 35.2625 -78.3541 X X 

A16 BSUT-1700b UTb to Beaverdam Swamp as SR 1700 (Harper House Rd.) 35.2669 -78.3486 X X 

A17 
BSUT-1700b 
Ditch Roadside ditch below BSUT-1700b 35.2671 -78.3484 X X 

A33 BSUT-1705a UTa to Beaverdam Swamp SR1705 (Friday Rd) 35.2656 -78.3126 X X 
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APPENDIX 1 

Locations, Coordinates, and Data Collected at Each Assessment Site  

     
Measurements 

Map 
Code Site Code Location Latitude Longitude 

Field 
Meters Nutrients 

A11 BSUT-50b UTb to Beaverdam Swamp at NC 50 35.2469 -78.3602 X X 

A22 BSUT-701 UT to Beaverdam Swamp at US 701 35.2634 -78.3565 X X 

A2 BSUT-701b UTb to Beaverdam Swamp at US 701 35.2335 -78.3504 X X 

A6 BSUT-Bizzell UT to Beaverdam Swamp at Bizzell St 35.2383 -78.3539 X X 

A84 GCC_55DitchB Ditch B on NC-55 just W of SR1646 35.2475 -78.4097 X X 

A55 GCC-13 Great Coharie Cr at US 13 35.2331 -78.3762 X X 

A92 GCC-1636a Great Coharie Cr at SR 1636 (Easy St), northern crossing 35.2446 -78.4507 X X 

A86 GCC-1643 Great Coharie Cr at SR 1643 (Oak Grove Church Rd) 35.2458 -78.4259 X X 

A75 GCC-1647 Great Coharie Cr at SR1647 (Warrens Mill Rd) 35.2389 -78.3929 X X 

A47 GCC-1647Ditch1 Ditch 1 to Great Coharie Cr at SR 1647 (Warren Mill Rd) 35.2154 -78.3937 X X 

A59 GCCUT-13b UTb to Great Coharie Cr at US 13 35.2268 -78.3875 X X 

A60 GCCUT-13c UTc to Great Coharie Cr at US 13 35.2241 -78.3922 X X 

A82 GCCUT-1644 UT to Great Coharie Cr at SR1644 (Eldridge Rd) 35.2306 -78.4185 X X 

A65 GCCUT-1647b UTb to Great Coharie Cr at SR 1647(Warrens Mill Rd) 35.2281 -78.3962 X X 

A69 GCCUT-1648 UT to Great Coharie Cr at SR 1648 (Darden Rd) 35.2354 -78.3771 X X 

A76 GCCUT-1648a UTa to Great Coharie Cr at SR1648 (Darden Rd) 35.2458 -78.3882 X X 

A52 GCCUT-1703a UTa to Great Coharie Cr at SR1703 (McLamb Rd) 35.2046 -78.3823 X X 

A43 GCCUT-1802 UT to Great Coharie Cr at SR 1802 (Britt Rd) 35.1973 -78.3420 X X 

A40 GCCUT-1803 UT to Great Coharie Cr at SR 1803 (Carr Rd) 35.1883 -78.3533 X X 

A145 GCCUT-1845 UT to Great Coharie Cr at Rosin Hill Rd (SR1845) 35.1949 -78.3564 X X 

A44 GCCUT-1845a UTa to Great Coharie Cr at SR 1845 (Rosin Hill Rd) 35.1995 -78.3466 X X 

A70 GCCUT-50a UTa to Great Coharie Cr at NC50 35.2485 -78.3806 X X 

A102 KS-Ditch2 Ditch S. Side of NC 50 35.2361 -78.2726 X X 

A103 KSUT-1711a UTa to Kill Swamp at SR 1711 (William R. King Rd) 35.2313 -78.2946 X X 

A104 KSUT-1711b UTb to Kill Swamp at SR 1711 (William R. King Rd) 35.2376 -78.2850 X X 

A97 KSUT-1712 UT to Kill Swamp at SR 1712 (Blake Rd) 35.2264 -78.3247 X X 

A100 KSUT-50b UTb to Kill Swamp at NC 50 35.2457 -78.3131 X X 

A111 KSUT-50d UTd to Kill Swamp at NC 50 ( at Corbett Rd) 35.2440 -78.2871 X X 

A126 SS-13 Sevenmile Swamp at US 13 35.2043 -78.4314 X X 

A131 SS-1620 Sevenmile Swamp at SR 1620 (Timothy Rd) 35.2415 -78.4879 X X 
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APPENDIX 1 

Locations, Coordinates, and Data Collected at Each Assessment Site  

     
Measurements 

Map 
Code Site Code Location Latitude Longitude 

Field 
Meters Nutrients 

A132 SS-1636 Sevenmile Swamp at SR 1636 (Easy St) 35.2221 -78.4636 X X 

A112 SS-1804Ditch Ditch on House's Mill Rd (SR 1804) 35.1882 -78.3752 X X 

A124 SS-Ditch1620 Ditch on Timothy Rd (SR 1620) 35.2158 -78.4373 X X 

A141 SS-Ditch242a Ditch A on W side of NC 242 35.2578 -78.4924 X X 

A142 SS-Ditch242b Ditch B on E side of NC 242 35.2494 -78.4931 X X 

A127 SSUT-13a UTa to Sevenmile Swamp at US 13 35.2052 -78.4287 X X 

A134 SSUT-1620d UTd to Sevenmile Swamp at SR 1620 (Timothy Rd) 35.2217 -78.4562 X X 

A138 SSUT-1636c UTc to Sevenmile Swamp at SR 1636 (Easy St) 35.2265 -78.4605 X X 

A139 SSUT-1637 UT to Sevenmile Swamp at SR 1637 (Fleet Naylor Rd) 35.2119 -78.4612 X X 

A125 SSUT-1639 UT to Sevenmile Swamp at Wyre Branch Rd (SR 1639) 35.2091 -78.4324 X X 

A119 SSUT-1640a UTa to Sevenmile Swamp at SR 1640 (Prong Rd) 35.2183 -78.4251 X X 

A120 SSUT-1640b UTb to Sevenmile Swamp at SR 1640 (Prong Rd) 35.2222 -78.4261 X X 

A122 SSUT-1640d UTd to Sevenmile Swamp at SR 1640 (Prong Rd) 35.2323 -78.4305 X X 

A123 SSUT-1644 UT to Sevenmile Swamp at SR 1644 (Eldridge Rd) 35.2118 -78.4142 X X 

A130 SSUT-1808 UT to Sevenmile Swamp at SR1808 (Jones Rd) 35.1975 -78.4251 X X 

A114 SSUT-1846a UTa to Sevenmile Swamp at SR 1846 (Sevenmile Church Rd) 35.1825 -78.3942 X X 

A115 SSUT-1846b UTb to Sevenmile Swamp at SR 1846 (Sevenmile Church Rd) 35.1806 -78.3859 X X 

A35 US13-Ditch1 Ditch S. Side of US 13 near SR 1705 35.2690 -78.3130 X X 

A36 US13-Ditch2 Ditch N. Side of US 13 W of SR 1705 35.2690 -78.3140 X X 
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Appendix 2. 

Practical Quantitation Limits11, NC Water Quality Standards, and Action Levels   

 

Parameter PQL 
Standards and Action Levels 

Class C, WS-II and WS-IV 

Field measurements   

Dissolved oxygen (mg/L) 0.1 
4.0 (instantaneous) 12 

5.0 (daily mean) 

Saturation of dissolved gases (%) 1 110%13 

Specific conductance (µS/cm) 1  -- 

Water temperature (C)  0.1 32 

pH (SU) 0.1 6.0 to 9.014 

Laboratory measurements   

Fecal coliform bacteria.(cfu/100 ml) 1 
Geometric mean > 20015 

>20% samples > 400 

  
Class C 

Classes WS-II 
and WS-IV 

Nutrients (mg/L)    

Ammonia as N 0.01  -- -- 

Nitrite+Nitrate as N 0.01  -- 10.0 (NO3
-)16 

Total Kjeldahl Nitrogen as N 0.20  -- -- 

Total phosphorus 0.02  -- -- 

Other    

Total suspended solids (mg/L) 6.2 -- -- 

Turbidity (NTU) 1 50 50 

 

 

                                            
11

 The Practical Quantitation Limit (PQL) is defined and proposed as "the lowest level achievable among laboratories 
within specified limits during routine laboratory operation". The PQL is about three to five times the calculated Method 
Detection Limit (MDL) and represents a practical and routinely achievable detection limit with a relatively good 
certainty that any reported value is reliable". For a list of laboratory PQLs go to:  

http://portal.ncdenr.org/web/wq/lab/staffinfo/techassist#Practical_Quantitation_Limits  
12

 Swamp waters may have lower dissolved oxygen concentrations if caused by natural conditions. 
13

 Standard applies to total dissolved gases combined, not just oxygen alone. 
14

 Swamp waters may have a pH as low as 4.3 if it is the result of natural conditions 
15

 The water quality standard for fecal coliform bacteria (15A NCAC 02B .0211) (3)(e) is: “Organisms of the coliform group: 
fecal coliforms shall not exceed a geometric mean of 200/100ml (MF count) based upon at least five consecutive samples 
examined during any 30 day period, nor exceed 400/100ml in more than 20 percent of the samples examined during such 
period. Violations of the fecal coliform standard are expected during rainfall events and, in some cases, this violation is 
expected to be caused by uncontrollable nonpoint source pollution. All coliform concentrations are to be analyzed using the 
membrane filter technique unless high turbidity or other adverse conditions necessitate the tube dilution method; in case of 
controversy over results, the MPN 5-tube dilution technique shall be used as the reference method;” 
16

 Standard applies to nitrate nitrogen only in drinking water supplies.  Water quality samples routinely include nitrite + 
nitrate nitrogen in their analyses.  Under most conditions the majority of the nitrite + nitrate nitrogen (i.e. NOx) 
analysis is nitrate nitrogen. 

http://portal.ncdenr.org/web/wq/lab/staffinfo/techassist#Practical_Quantitation_Limits


 

 

82 

 

APPENDIX 3 

Summary of Data by Station Type 

Station Type N Minimum Median Maximum Mean 

Means 

Comparison
17

 

Ammonia Nitrogen (mg/L as N) 

Mon 148 0.02 0.05 4.40 0.20 A 

Asmnt 118 0.02 0.06 3.00 0.19 A 

Impact Ref 12 0.02 0.04 0.31 0.08 A 

Ref 9 0.02 0.04 0.47 0.11 A 

Total Kjeldahl Nitrogen (mg/L as N) 

Mon 148 0.20 0.93 12.00 1.17 A 

Asmnt 118 0.20 0.72 13.00 0.92 A 

Impact Ref 12 0.60 0.85 1.40 0.94 A 

Ref 9 0.96 1.30 1.80 1.31 A 

Nitrite + Nitrate Nitrogen (mg/L as N)) 

Mon 148 0.02 0.02 4.10 0.23 B 

Asmnt 118 0.02 1.70 15.00 3.02 A 

Impact Ref 12 0.02 0.02 0.39 0.10 B 

Ref 9 0.02 0.02 0.02 0.02 B 

Total Phosphorus (mg/L) 

Mon 148 0.02 0.08 0.58 0.12 B 

Asmnt 118 0.02 0.04 1.70 0.10 B 

Impact Ref 12 0.04 0.16 0.57 0.22 A 

Ref 9 0.02 0.05 0.28 0.09 AB 

Dissolved Oxygen (mg/L) 

Mon 148 0.07 2.3 9.0 2.7 B 

Asmnt 153 0.04 5.5 13.0 5.7 A 

Impact Ref 21 0.02 1.3 4.1 1.4 B 

Ref 18 0.30 3.0 5.4 2.9 BC 

pH (su) 

Mon 158 5.1 5.7 6.7 5.7 A 

Asmnt 154 3.6 5.5 6.4 5.4 B 

Impact Ref 21 5.2 5.8 6.0 5.7 A 

Ref 18 2.9 3.2 3.4 3.2 C 
Specific Conductance (uS/cm) 

Mon 159 64 119 200 122 B 

Asmnt 154 18 128 327 133 A 

Impact Ref 21 66 129 250 140 AB 

Ref 18 61 88 131 92 C 

  

                                            
17 Means followed by the same letter are not significantly different. 
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APPENDIX 4 

Summary of LWP Area Data by Stream Watershed 

Stream Watershed N Minimum Median Maximum Mean 

Means 

Comparison
18

 

Ammonia Nitrogen (mg/L as N) 

Beaverdam Swamp 51 0.02 0.06 1.80 0.14 B 

Kill Swamp 66 0.02 0.10 4.40 0.31 A 

Sevenmile Swamp 76 0.02 0.04 3.00 0.17 AB 

Great Coharie Cr 73 0.02 0.06 3.00 0.17 AB 

Total Kjeldahl Nitrogen (mg/L as N) 

Beaverdam Swamp 51 0.25 0.79 5.10 0.96 AB 

Kill Swamp 66 0.20 0.90 12.00 1.31 A 

Sevenmile Swamp 76 0.20 0.73 6.10 0.86 B 

Great Coharie Cr 73 0.25 0.80 13.00 1.11 AB 

Nitrite + Nitrate Nitrogen (mg/L as N) 

Beaverdam Swamp 51 0.02 0.02 9.90 0.94 B 

Kill Swamp 66 0.02 0.04 8.50 1.09 B 

Sevenmile Swamp 76 0.02 1.25 15.00 3.02 A 

Great Coharie Cr 73 0.02 0.04 5.30 0.57 B 

Total Phosphorus (mg/L) 

Beaverdam Swamp 51 0.02 0.09 1.70 0.16 A 

Kill Swamp 66 0.02 0.13 0.58 0.16 A 

Sevenmile Swamp 76 0.02 0.04 0.38 0.05 B 

Great Coharie Cr 73 0.02 0.06 1.20 0.09 B 

Dissolved Oxygen (mg/L) 

Beaverdam Swamp 58 3.4 3.3 12.1 3.8 A 

Kill Swamp 69 3.4 3.0 13.0 4.1 A 

Sevenmile Swamp 84 2.8 4.6 12.1 4.7 A 

Great Coharie Cr 90 2.7 3.6 12.3 4.0 A 

pH (su) 

Beaverdam Swamp 60 4.3 5.6 6.4 5.7 A 

Kill Swamp 74 4.7 5.7 6.5 5.6 A 

Sevenmile Swamp 86 3.7 5.5 6.3 5.4 B 

Great Coharie Cr 92 3.6 5.6 6.7 5.5 B 

Specific Conductance (uS/cm) 

Beaverdam Swamp 59 19 129 327 143 A 

Kill Swamp 75 44 136 250 141 A 

Sevenmile Swamp 86 29 118 306 123 B 

Great Coharie Cr 93 18 106 225 111 B 

 

  

                                            
18 Means followed by the same letter are not significantly different. 
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APPENDIX 5 

Drainage Areas and Major Land Cover/land use Types for the LWP area (NCEEP 2010) 

Watershed 
Square 
Miles in 

Watershed 

Total 
Acres in 

Watershed 
Cropland Developed Forest & Wetland 

   
(ac.) 

(% of 
watershed) 

(ac.) 
(% of 

watershed) 
(ac.) 

(% of 
watershed) 

BDS-01 1.5 960 340 35% 66 7% 344 36% 

BDS-02 1.5 970 434 45% 241 25% 158 16% 

BDS-03 2.8 1,808 993 55% 115 6% 428 24% 

BDS-04 3.7 2,375 1,210 51% 107 5% 766 32% 

Totals for BDS 9.5 6,113 2,977 49% 529 9% 1696 28% 

GCC-01 1.5 980 363 37% 25 3% 536 55% 

GCC-02 0.8 503 297 59% 21 4% 172 34% 

GCC-03 1.3 851 496 58% 28 3% 188 22% 

GCC-04 1 648 206 32% 1 0% 354 55% 

GCC-05 0.9 576 204 35% 59 10% 259 45% 

GCC-06 2.1 1,361 662 49% 39 3% 488 36% 

Totals for GCC 7.6 4,919 45 1% 173 4% 1997 41% 

GCH-01 1.6 1,000 514 51% 56 6% 251 25% 

GCH-02 1.6 1,044 612 59% 46 4% 312 30% 

GCH-03 1.1 709 361 51% 46 6% 267 38% 

GCH-04 1.4 873 410 47% 109 12% 282 32% 

GCH-05 2.4 1,547 811 52% 112 7% 536 35% 

Totals for GCH 8.1 5,173 2708 52% 369 7% 1648 32% 

Totals for GCC 
+ GCH 

15.7 10,092 2753 27% 542 5% 3645 36% 

KS-01 1.6 1,037 319 31% 39 4% 525 51% 

KS-02 1.4 888 449 51% 32 4% 324 36% 

KS-03 2.6 1,634 949 58% 59 4% 550 34% 

KS-04 1.5 990 698 71% 24 2% 216 22% 

KS-05 2.9 1,827 834 46% 42 2% 795 44% 

Totals for KS 10 6,376 3249 51% 196 3% 2410 38% 

SMS-01 1.8 1,161 466 40% 109 9% 490 42% 

SMS-02 2 1,277 538 42% 66 5% 471 37% 

SMS-03 3.5 2,212 1,199 54% 71 3% 666 30% 

SMS-04 2.8 1,822 1,040 57% 75 4% 556 31% 

SMS-05 5 3,228 1,399 43% 134 4% 1,042 32% 

SMS-06 3 1,915 892 47% 52 3% 749 39% 

Totals SMS 18.1 11,615 5534 48% 507 4% 3974 34% 

TOTALS FOR 
LWP AREA 

53.4 34,194 16,699 49% 1,773 5% 11,726 34% 



 

 

85 

 

 


