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The North Carolina Ecosystem Enhancement Program (NCEEP) initiated a local 
watershed planning effort within the upper Great Coharie Creek watershed in Sampson 
County in August 2009.  As a component of this watershed planning effort, the North 
Carolina Division of Water Quality-Watershed Assessment Team (NCDWQ-WAT) 
conducted a water quality monitoring and assessment project within the headwater 
region of Great Coharie Creek from August 2010 through June 2011.  The primary 
purposes of the monitoring and assessments were: 1) to characterize water quality at 
benthos sites and exit points of the four major subwatersheds (Great Coharie Creek, 
Sevenmile Swamp, Beaverdam Swamp, and Kill Swamp); 2) to broaden the geographic 
coverage of the watershed in order to better delineate potential sources of stream 
degradation and nutrient enrichment1; and 3) to identify possible water quality stressors 
on aquatic life.   

This Technical Memorandum summarizes the findings of water quality assessments 
conducted to locate potential sources of stream water quality degradation and nutrient 
enrichment across the entire Great Coharie Creek Local Watershed Planning (LWP) 
area and represents the completion of Task 3 of the Phase II Scope of Work (NCDWQ-
WAT 2010).  The assessments focused on objectives 2 and 3 above.  The results of the 
longer-term water quality monitoring at the 12 LWP area stations (hereafter denoted 
“monitoring”)2 were provided in another Technical Memorandum (NCDWQ-WAT 
2011a).  The results of the benthic macroinvertebrate assessment (NCDWQ-BAU 2010) 
and a vegetation assessment (NCDWQ-WAT 2011b) were reported previously.   A final 
Integrated Water Quality Report will be submitted subsequently by NCDWQ-WAT. 

 

  

                                            
1 The water quality monitoring data reported previously suggested that much wider geographic 
coverage was needed to pinpoint potential problem areas. 
2The 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.   
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APPROACH 

Water quality assessments began in December 2010 and continued through June 2011 
to locate the potential sources of elevated nutrients and fecal coliform bacteria within 
the LWP area.  Most of these assessments occurred during March through May of 
2011.  Field meter data collected on February 5, August 13, and September 29, 2009, 
at six reconnaissance sites (GCC-1636a, GCC-1643, GCC-1647, GCC-1845, SS-13, 
and SS-1636) also were included as part of the assessments.   

Assessments were driven by the need to bracket sources of elevated nutrients and fecal 
coliform bacteria.  However, swamp conditions prevented the use of stream walking or 
sampling at the confluences of tributaries.  Consequently, locations of sites necessarily 
were based on proximity to road crossings.  A total of 144 road crossings of streams or 
large drainage ditches were visited (Figure 1 and Appendix A).   

Relative flow was observed and recorded at each location.  If necessary, several drops 
of a fluorescent tracer dye were placed into the water at sites having no obvious flow to 
determine if any flow existed.  For sites with flow, field measurements (water 
temperature, dissolved oxygen concentration, percent oxygen saturation, pH, and 
specific conductance3) and water samples for nutrients (nitrite + nitrate nitrogen, 
ammonia nitrogen, total Kjeldahl nitrogen, and total phosphorus) and fecal coliform 
bacteria were collected.  The majority of sites were sampled only once.  Precipitation 
data for Newton Grove were obtained from Weather Underground.4 Data were entered 
into an Excel spreadsheet and imported into SAS JMP 8.0.1 statistical software for 
analysis.  Data distribution maps were prepared using ESRI ArcGIS 9.3.  Data plots in 
this report were generated using SAS JMP 8.0.1 statistical software.  Interpretation of 
the box plots is explained in Appendix B. 

RESULTS AND DISCUSSION 

This section provides a summary of data collected during water quality assessments 
across the Great Coharie LWP area.  Data shown in this section are organized to show 
their relationships to data medians from the 12 LWP monitoring stations.  Site codes are 
shown on the maps only for the LWP monitoring stations, due to the large number of 
assessment sites.  Only significant findings will be presented in detail in this section.   

The data shown for LWP monitoring stations reflect the ranges observed over the entire 
monitoring period, including some data collected at the same locations during 
reconnaissance, whereas assessment site data reflect only a single sampling date, with 
a few exceptions where a site was visited more than once.  This introduces some bias 
to the results in that the assessment data may be representative only of the specific 
point in time in which the data were collected.  However, these data are useful in 
suggesting potential sources of environmental stress that need further investigation.   

  

                                            
3
 Specific conductance is measured in the field at ambient water temperatures.  The field meter corrects 

the reading electronically to 25
o
C, as conductance changes with water temperature. 

4 http://www.wunderground.com/cgi-bin/findweather/getForecast?query=28366&sp=KNCNEWTO4. 

http://www.wunderground.com/cgi-bin/findweather/getForecast?query=28366&sp=KNCNEWTO4
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Figure 1. Locations of NCDWQ-WAT water quality assessment sites, monitoring stations, and 
NCDWQ-BAU benthic macroinvertebrate monitoring stations.  Bold text on the map are the 
subwatershed designations.  WWTP = wastewater treatment plant.  See Appendix A for the 
designations and coordinates of the assessments sites. 

 



 

4 
 

Rainfall and Relative Flow 

Rainfall was relatively low within the LWP area during most of the monitoring and 
assessment period (Figure 2).  The NC Drought management website 
(www.ncdrought.org) indicated that Sampson County experienced abnormally dry to 
moderate drought conditions during most of this time.  In late June 2011, the area 
experienced a severe drought.    

 
 

 
Figure 2.  A) Precipitation measured at personal weather station KNCNEWTO4 
(www.wunderground.com) at Newton Grove during LWP area monitoring activities.  The 
colored bar represents the drought conditions from June 2010 through June 2011.  B) 
Seasonal trend in relative flow at monitoring stations and assessment sites within the 
LWP area.  Data were estimated using a visual scale of 1 to 4, where 1 = no visible 
flow, 2 = low flow, 3 = moderate flow, and 4 = high flow.   Blue crosses are monitoring 
data; black dots are assessment data.  The blue line connects the means of all data for 
a given month, regardless of calendar year.   
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http://www.ncdrought.org/
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Relative flow estimated at each monitoring station and assessment site on each 
sampling date was generally low overall, but showed a slight seasonal trend.  Average 
relative flows across the LWP area tended to be somewhat higher from mid-winter 
through mid-spring, lower during the summer and increasing again from fall through 
early winter, as is commonly seen in NC.  It should be noted that all data were collected 
during baseflow conditions, so changes in relative flows most likely reflect changes in 
availability of groundwater feeding the streams.  Relative flow also reflected the 
abnormally dry to moderate/severe drought pattern discussed previously. 

Field Data  

Field data (water temperature, dissolved oxygen concentrations, oxygen saturation, 
specific conductance, and pH) collected for all monitoring and assessment sites are 
summarized briefly below in Table 1.   

Table 1.  Summary statistics for field data for the LWP area.   

Measurement Site Type N Minimum Median Maximum Mean 

Water Temperature (
o
C) Monitoring 143 6.4 21.0 30.9 20.4 

 
Assessment 97 8.6 17.5 27.2 17.4 

 
Combined 240 6.4 19.8 30.9 19.2 

Oxygen Saturation (%) Monitoring 131 4 28 89 30 

 
Assessment 96 12 67 135 66 

 
Combined 227 4 42 135 45 

Dissolved Oxygen (mg/L) Monitoring 131 0.36 2.70 9.03 2.82 

 
Assessment 96 1.09 6.04 12.34 6.38 

 
Combined 227 0.36 3.98 12.34 4.33 

Specific Conductance (uS/cm 
at 25°C) 

Monitoring 142 64 119 200 121 

 
Assessment 97 14 110 317 116 

 
Combined 239 13.8 116 317 119 

pH (s.u.) Monitoring 141 5.25 5.70 6.73 5.73 

 
Assessment 97 3.72 5.48 6.30 5.35 

 
Combined 238 3.72 5.62 6.73 5.57 

 

 

Water temperature.  Water temperatures reflected the expected range for this area of 
the state, and minimal differences were seen between assessment and monitoring 
sites. Values ranged from 6.4 to 30.9 oC within the LWP monitoring stations and 8.6 to 
27.2 oC in the assessment sites (Table 1).  These water temperatures clearly reflect 
normal seasonal differences occurring in coastal plain streams (Figure 3).  The higher 
median and maximum water temperatures (Table 1) and generally higher monthly water 
temperatures (Figure 3) noted in the monitoring stations compared with the assessment 
sites probably were the result of stagnation resulting from impounding and the fact that 
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measurements were taken at the surface (warmest stratum), compared with more flow5 
and less stagnation on average in the assessments sites.   

 
Figure 3.  Seasonal trend in water temperature at monitoring stations and assessment 
sites within the LWP area.  Blue crosses are monitoring data; black dots are 
assessment data.  The blue line connects the means of all data collected within a given 
month, regardless of calendar year.   
 

 

Dissolved oxygen.  Dissolved oxygen concentrations were higher during the winter 
and decreased through spring and summer (Figure 4).  This trend reflected the 
seasonal patterns of relative flow and water temperatures (more stagnation and lower 
oxygen solubility in the warmer months).  Dissolved oxygen concentrations ranged from 
0.36 to 9.03 mg/L within the LWP monitoring stations and 1.09 to 12.34 mg/L in the 
assessment sites (Table 1).  Oxygen saturation followed the same seasonal pattern 
(data not shown) as oxygen concentrations and ranged from 4 to 89 percent within the 
LWP monitoring stations and 12 to 135 percent in the assessment sites (Table 1).  The 
data distribution map (Figure 5A) does not show any clear upstream to downstream 
relationships between dissolved oxygen concentrations measured during assessments 
and the median concentrations for the twelve LWP monitoring stations.  This may be an 
artifact caused by a combination of the very limited data for individual assessment sites 
(usually a single date), wide variation in the timing of data collection, and wide variation 

                                            
5 Flowing water more closely reflects the average air temperatures than stagnant surface 
waters, especially during the summer when impounded waters tend to become thermally 
stratified.  Hence, flowing waters generally are slightly cooler than impounded waters.   
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in local conditions (flow, riparian canopy cover, presence or absence of algae, etc.) at 
the assessments sites.   

Minimum, maximum, and median dissolved oxygen concentrations were significantly 
higher in assessment sites than in monitoring stations within all four watersheds as well 
across the entire LWP area (Figure 5B).  About 13 % of the oxygen concentrations 
(across all four watersheds) were below the 4.0 mg/L reference value at follow-up 
assessment sites compared with nearly 50% at the monitoring stations.  There are 
several possible reasons for this.  The assessment sites generally were shallower and 
more exposed than monitoring stations (more sunlight = more photosynthesis and 
higher temperatures) and less likely to be stagnant.  This suggests that position in the 
landscape (many of the assessments occurred further upstream in the headwaters and 
were less likely to be impounded than were the monitoring sites) may be important in 
the Great Coharie Creek LWP area.  This needs to be examined further.   Also most 
assessments were made during the winter and spring when water temperatures were 
cooler and had greater oxygen holding capacity and relative flows were slightly higher.  
The median oxygen concentrations (monitoring and assessment data combined) were 
highest in Sevenmile Swamp and lowest in Kill Swamp (Figure 5B).  However, these 
differences were not statistically different than those in the other two watersheds.  
These data also suggest that dissolved oxygen concentrations measured outside of the 
12 water quality  monitoring stations may have had relatively little impact on those 
measured within the monitoring stations and that the most likely reason for low 
dissolved oxygen at these monitoring stations was the localized effects of swamp 
conditions exacerbated by impoundments (beaver dams and artificial impoundments).   

 
Figure 4.  Seasonal trend in dissolved oxygen concentrations at monitoring stations and 
assessment sites, grouped by month.  Blue crosses are monitoring data; black dots are 
assessment data.  The blue line connects the means of all data collected within a given 
month, regardless of calendar year. 
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Figure 5.  A) Distribution of dissolved oxygen concentrations at monitoring and 
assessment sites within the LWP area grouped by watershed; B) Dissolved 
oxygen plotted by watershed.  The solid red line is the 4.0 mg/L NC water quality 
standard for waters with the Sw (swamp) secondary classification and is used as 
a reference for comparison.  The solid black line is the median oxygen 
concentration for all data combined.  A dashed black line is the median for 
assessment data (black dots).  A dashed blue line is the median for monitoring 
data (blue crosses).   
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Specific conductance.  There was no obvious seasonal trend for specific conductance 
(data not shown).  Specific conductance ranged from 72 to 200 uS/cm within the LWP 
monitoring stations and 64 to 200 within the assessment sites (Table 1).   

There also was no discernible upstream to downstream pattern for the distribution of 
specific conductance readings within the LWP area (Figure 6A).  However, specific 
conductance was slightly greater (statistically significant) in Beaverdam Swamp and Kill 
Swamp than in the other two watersheds (Figure 6B).  Three of four instances in which 
specific conductance exceeded 200 uS/cm at 25°C occurred in the headwaters of 
Beaverdam Swamp and Kill Swamp; the fourth occurred in a small tributary in the lower 
Great Coharie Creek watershed (Figure 6A).  There were no significant differences in 
specific conductance in monitoring compared with assessment sites, however both the 
highest and lowest conductances and the widest ranges of conductance occurred at 
assessment sites in all four watersheds (Figure 6B).  It is uncertain why there was such 
a wide range in conductance values in the assessment sites compared with the 
monitoring stations.  Proximity of many of the assessment sites to agricultural fields or 
livestock facilities may have been a factor at some locations where the higher 
conductance values were measured.   
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Figure 6.  A) Distribution of specific conductance at monitoring and assessment sites 
within the LWP area, grouped by watershed; B) specific conductance readings plotted 
by watershed.  The solid black line is the median conductance for all data combined.  A 
dashed black line is the median for assessment data (black dots).  A dashed blue line is 
the median for monitoring data (blue crosses).   
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pH.  The pH showed a slight seasonal trend, with values increasing from late winter 
until summer (Figure 7).  Values ranged from 5.25 to 6.73 s.u. within the LWP 
monitoring stations and 3.72 to 6.30 s.u. within the assessment sites (Table 1).  Lower 
pH measurements occurred most frequently in the small, headwater tributaries of all 
four watersheds (Figure 8A).  The pH was slightly (but significantly) lower in Sevenmile 
Swamp than in the Beaverdam Swamp and Kill Swamp watersheds, but not Great 
Coharie Creek (Figure 8B); this apparently resulted from the influence of the 
assessment site measurements.  All pH readings less than 5.0 s.u. occurred in 
assessment sites during March and April (Figure 7).  Five measurements in Sevenmile 
Swamp and one in Great Coharie Creek fell below the 4.3 s.u. standard for swamp 
streams.   At the present, there is no evidence of anthropogenic effects causing these 
low pH values within the LWP area.  Streams impacted by swamp conditions often have 
a naturally low pH.  Rheinhardt et al. (1998) have reported pH values averaging 4.5 to 
4.9 in 22 NC low order coastal plain streams.  The low pH conditions occasionally 
observed in the LWP area more likely are the result of impounding (beaver dams) and 
lack of flow due to natural swamp conditions.  Further investigation would be necessary 
either to confirm or refute this. 

 
Figure 7.  Seasonal trend in pH within the LWP area.  Blue crosses are monitoring data; 
black dots are assessment data.  The blue line connects the means of all data for a 
given month, regardless of calendar year.   
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Figure 8.  A) Distribution of pH readings at monitoring and assessment sites within the 
LWP area, grouped by watershed; B) pH readings plotted by watershed.  The solid 
black line is the median pH for all data combined.  A dashed black line is the median for 
assessment data (black dots).  A dashed blue line is the median for monitoring data 
(blue crosses).  The solid red line is the pH criterion for swamp streams. 
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Fecal Coliform Bacteria 

Fecal coliform bacteria counts ranged from 1 to 1200 colony forming units (cfu)/100 mL 
within the LWP monitoring stations and 1 to 120,000 within the assessment sites (Table 
2).  The single extreme value occurred in a small tributary to Great Coharie Creek 
(GCCUT-1845) that flowed out of a cattle pond and then down below an active pasture 
before entering a forested area.  This location also had the highest ammonia nitrogen 
and TKN.  The water at this site was visibly muddy, compared with very clear water 
observed at all of the other assessment sites on that same date.  Three cows were 
observed about ten minutes later wading in the stream about 50 yards above the 
sampling site, and it was obvious from the trampling that this was the water source 
being used regularly by many of the cattle.  This site would be a logical choice for an 
agricultural BMP (i.e., fencing out the cattle).  Otherwise, the highest recorded fecal 
count at any of the assessment sites was 670 cfu/100 mL.  There is no clear upstream 
to downstream pattern for the distribution of the fecal coliform data; however all of the 
counts exceeding 300 cfu/100 mL at assessment sites occurred on small tributaries 
(Figure 9A).  Many of the lower fecal counts actually occurred downstream from hog 
operations, and most of the higher counts were not near hog operations.  Application of 
poultry manure on many agricultural fields and several pastures was observed during 
the course of monitoring and assessments.  Manure applications and livestock grazing 
possibly may account for some of the higher counts.  The potential contribution by 
wildlife cannot be ascertained but also cannot be discounted   

Table 2.  Summary statistics for fecal coliform bacteria data for the LWP area.   

Measurement Site Type N Minimum Median Maximum Mean 

Fecal Coliform Counts (cfu/100 
ml) 

Monitoring 133 1 93 1,200 141 

 
Assessment 64 1 39 120,000 1,957 

 
Combined 197 1 77 120,000 731 

 

Median fecal counts over the entire LWP area were twice as high at monitoring stations 
as in the assessment sites (Table 2 and Figure 9B).  Median fecal coliform counts were 
slightly, but not significantly, higher in Kill Swamp and Great Coharie Creek than in the 
other two watersheds (Figure 9B).  All four watersheds had several exceedences of a 
200 cfu/100 mL reference level, and all had at least one sample exceed 400 cfu/100 
mL.6  Fecal coliform bacteria tend to become associated with the surficial sediments in 
streams and are readily resuspended during higher flow (Nagels et al. 2002, Muirhead 
et al. 2004, Wilkinson et al. 2006).  However, flow during monitoring and assessments  

                                            
6
A 200 cfu/100 mL level was selected for this monitoring as a reference to guide subsequent assessments within 

the LWP area.  The NC fecal coliform standard is based on a sampling frequency of five consecutive samples within 
30 days.  If the geometric mean of those five samples exceeds 200 cfu/100 mL (i.e. 200 colony forming units/100 
mL water), or if more than 20 percent of the samples collected during this 30-day period exceeds 400 cfu/100 mL, 
the standard has been violated.  Sampling within the Great Coharie LWP area was conducted for the purpose of 
evaluation of existing conditions with the watersheds and subwatersheds and not for the purpose of determining if 
violations existed.   
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Figure 9.  A) Distribution of fecal coliform bacteria at monitoring and assessment sites 
within the LWP area, grouped by watershed; B) fecal coliform counts plotted (log10 
scale) by watershed.  A solid red line is the 200 cfu/100 ml fecal coliform standard used 
as a reference level for comparison.  The solid black line is the median oxygen 
concentration for all data combined.  A dashed black line is the median for assessment 
data (black dots).  A dashed blue line is the median for monitoring data (blue crosses).   
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generally was very low to imperceptible.  It is uncertain whether sampling during higher 
flow would reveal any distributional pattern that would suggest points of origin, as all 
four watersheds have extensive networks of beaver dams.  Both Sevenmile Swamp and 
Great Coharie Creek also have artificial impoundments on their mainstems.  Figure 10 
shows that fecal coliform counts tended to increase from late winter through the spring 
and leveled off thereafter.  Although flow was slightly higher on the average from March 
through May, it is questionable whether or not the seasonal increase in fecal coliform 
counts reflects changes in flow.  Significant increases in flow often are not observed in 
swamp streams following moderate rainfall due to the combination of impoundments 
(natural and man-made), extensive riparian wetlands, limited topographic relief, and 
lack of incision, which facilitate lateral distribution of runoff in the swamp system.  
Consequently, swamp streams don’t usually exhibit the flashiness and extremes of 
discharge that occur in a piedmont stream, except following excessively heavy rainfall 
such as that associated with tropical storms and hurricanes.  This has been reported 
previously by Mulholland (1981). The seasonal trend observed in the LWP area more 
likely reflects the presence of more animals in the pastures and more wildlife activity as 
the season warmed and/or the application of poultry manure fertilizers, particularly 
during the early growing season.  The extreme peak in May was an artifact of the site in 
which cows were wading in the stream just upstream of the sampling site.   

 
Figure 10.  Seasonal trend in fecal coliform bacteria counts (log10 scale) within the 
LWP area.  A solid red line is the 200 cfu/100 ml reference value used for comparison of 
data.  Blue crosses are monitoring data; black dots are assessment data.  The blue line 
connects the means of all data for a given month, regardless of calendar year.  
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Nutrients  

Nutrient data (ammonia nitrogen, total Kjeldahl nitrogen, nitrite + nitrate nitrogen, and 
total phosphorus) collected on each monitoring and assessment date are summarized 
in Table 3.  The data for LWP monitoring stations reflect the ranges over the entire 
monitoring period, including some data collected at the same sites during 
reconnaissance, whereas assessment site data reflect only a single sampling date, with 
a few exceptions where a site was visited more than once.   

Table 3.  Summary statistics for nutrient data for the LWP area.   

Measurement Site Type N Minimum Median Maximum Mean 

Ammonia Nitrogen (mg/L as N) Monitoring 133 < 0.02 0.05 4.40 0.21 

 
Assessment 64 < 0.02 0.04 3.00 0.20 

 
Combined 197 < 0.02 0.04 4.40 0.21 

Nitrite + Nitrate Nitrogen (mg/L  Monitoring 133 0.02 0.02 4.10 0.26 

as N) Assessment 64 0.02 1.45 10.00 2.47 

 
Combined 197 0.02 0.06 10.00 0.97 

Total Kjeldahl Nitrogen (mg/L  Monitoring 133 0.20 0.92 12.00 1.18 

as N) Assessment 64 0.20 0.67 13.00 0.96 

 
Combined 197 0.20 0.79 13.00 1.11 

Total Phosphorus (mg/L) Monitoring 133 0.02 0.08 0.58 0.12 

 
Assessment 64 0.02 0.04 1.20 0.09 

 
Combined 197 0.02 0.07 1.20 0.11 

 

 

Ammonia nitrogen.  Ammonia nitrogen concentrations showed a fairly clear seasonal 
trend, increasing from mid-winter through early summer and then decreasing again 
through the fall (Figure 11).   

Ammonia nitrogen in the LWP monitoring stations ranged from less than the PQL 
(Practical Quantitation Limit) of 0.02 mg/L to 4.4 mg/L, and from < 0.02 to 3 mg/L within 
the assessment sites (Table 3).  There is no clear upstream to downstream pattern of 
ammonia nitrogen distribution (Figure 12A), possibly due to conversion of ammonia 
nitrogen to NOx by the process of nitrification or uptake by algae and aquatic 
macrophytes.   

Kill Swamp had significantly higher ammonia nitrogen than the other three watersheds, 
particularly at the LWP monitoring stations.  Ammonia nitrogen concentrations in Great 
Coharie Creek were elevated slightly above those of the Beaverdam and Sevenmile 
Swamp watersheds (Figure 12B).  Most of the higher assessment measurements 
occurred in small tributaries and/or roadside ditches, and several occurred near hog 
operations.  The highest ammonia nitrogen concentration measured within the LWP 
area, 4.4 mg/L, occurred at a monitoring station in Kill Swamp (KS-1706) in March,   
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Figure 11.  Seasonal trend in ammonia nitrogen concentrations (log10 scale) within the 
LWP area, grouped by month.  Blue crosses are monitoring data; black dots are 
assessment data.  The blue line connects the means of all data, regardless of calendar 
year.  Red squares indicate data below the PQL of 0.02 mg/L. 
 

2011. This site was downstream from two hog operations.  The highest ammonia 
nitrogen concentration noted at assessments sites (3 mg/L) occurred at the UT to Great 
Coharie Creek site (GCCUT-1845) where cows were wading just above the sampling 
point.  This location also had the highest TKN and fecal coliform counts.  The data 
suggest strongly that elevated ammonia nitrogen concentrations at these locations may 
have been related at least in part to the nearby animal operations.  However, poultry 
manure has been applied widely to agricultural fields in these watersheds and also may 
be a source of elevated ammonia nitrogen.  Another possibility is the lack of conversion 
to NOx because of low dissolved oxygen.  This may need to be examined further. 

Ammonia nitrogen is produced as a waste product of protein metabolism in animals.  
Ammonia is eliminated directly through the gills of fish.  It also is produced as the 
breakdown products of uric acid, a waste product in bird droppings, and urea, a waste 
product eliminated in the urine of mammals and fishes.   Consequently, the seasonal 
trend potentially may reflect increased animal activity within the LWP area during the 
warmer months, including birds, fishes, livestock, and wildlife.  Atmospheric deposition 
of volatilized ammonia also is a known source of ammonia nitrogen in the water column.  
However, aerial deposition would be more likely to result in similar concentrations 
across the entire LWP area rather than cause higher concentrations occurring at only a 
relatively few locations within the LWP area.  
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Figure 12.  A) Distribution of ammonia nitrogen at monitoring and assessment sites 
within the LWP area, grouped by watershed; B) ammonia nitrogen concentrations 
plotted (log10 scale) by watershed.  A solid black line is the median ammonia nitrogen 
concentration for all data combined.  A dashed black line is the median for assessment 
data (black dots).  A dashed blue line is the median for monitoring data (blue crosses).  
Red squares indicate data below the PQL of 0.02 mg/L. 
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Total Kjeldahl nitrogen.   

There was a fairly clear seasonal trend in Total Kjeldahl nitrogen in the LWP area. 
Concentrations tended to increase from winter through the end of the spring and then 
decline very slowly through the fall (Figure 13).  This partly reflects the seasonal pattern 
of ammonia nitrogen shown above (Figure 11) but also likely reflects an increase of 
organic nitrogen due to increased primary (and possibly secondary) productivity during 
the beginning of the growing season through the end of the summer.   

Total Kjeldahl nitrogen (TKN) ranged from 0.29 to 12 mg/L in the LWP monitoring 
stations and < 0.2 to 13 mg/L within the assessment sites (Table 3).  As was the case 
for ammonia nitrogen, there was no clear upstream to downstream pattern to total 
Kjeldahl nitrogen distribution (Figure 14A).  The pattern of distribution of TKN was 
similar to that of ammonia nitrogen.  This was expected, as the analysis for TKN 
includes both ammonia nitrogen and organic nitrogen.  Most of the higher TKN 
concentrations in assessment sites occurred in small tributaries.  The highest TKN in 
the assessments, 13 mg/L, occurred at GCCUT-1845, the same small tributary to Great 
Coharie Creek that had cows wading in it and which also had the excessively high fecal 
coliform count and ammonia nitrogen (see above) and the highest phosphorus 
concentration (see below).  Kill Swamp had slightly elevated TKN compared with the 
other three watersheds (Figure 14B).   

 
Figure 13.  Seasonal trend in total Kjeldahl nitrogen concentrations (log10 scale) within 
the LWP area.  Blue crosses are monitoring data; black dots are assessment data.  The 
blue line connects the means of all data collected within a given month, regardless of 
calendar year.  Red squares indicate data below the PQL of 0.2 mg/L. 
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Figure 14.  A) Distribution of total Kjeldahl nitrogen at monitoring and assessment sites 
within the LWP area, grouped by watershed; B) total Kjeldahl nitrogen concentrations 
plotted (log10 scale) by watershed.  A solid black line is the median total Kjeldahl 
nitrogen concentration for all data combined.  A dashed black line is the median for 
assessment data (black dots).  A dashed blue line is the median for monitoring data 
(blue crosses).  Red squares indicate data below the PQL of 0.2 mg/L. 
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Nitrite + nitrate nitrogen.  There was a clear seasonal trend in nitrite + nitrate nitrogen 
(hereafter abbreviated “NOx”) within the LWP area.  Highest concentrations occurred 
during the winter through mid-spring, and lowest concentrations occurred during the 
summer (Figure 15).  The pattern clearly parallels the seasonal pattern of relative flow 
(Figure 2) and dissolved oxygen (Figure 4).  NOx is highly soluble and readily infiltrates 
into shallow groundwater, particularly in highly permeable soils.  This suggests that 
surface deposition of NOx and subsequent infiltration into the shallow groundwater may 
be a source contributing to NOx in surface waters within much of the LWP area during 
baseflow conditions.   

 
Figure 15.  Seasonal trend in nitrite + nitrate nitrogen concentrations (log10 scale) within 
the LWP area, grouped by month.  Blue crosses are monitoring data; black dots are 
assessment data.  The blue line connects the means of all data for a given month, 
regardless of calendar year.  Red squares indicate data below the PQL of 0.02 mg/L. 
 

Concentrations of NOx ranged from less than the PQL of 0.02 mg/L to 4.1 mg/L in the 
LWP monitoring stations and < 0.02 to 12 mg/L within the assessment sites (Table 3).  
Figure 16A shows that the high NOx concentrations occurred largely in headwaters and 
were associated almost exclusively with assessments sites on the small tributaries.  
There were two notable exceptions in the Sevenmile Swamp watershed.  One was the 
monitoring station (SSUT-13b) on the large northern tributary to Sevenmile Swamp, 
which had a median concentration of 0.88 mg/L and five measurements in excess of 1 
mg/L (including one of 3.1 mg/L).  The other was on the mainstem above House’s Mill 
Pond (SS-1703), which had three measurements in excess of 1 mg/L, including one of 
2.6 mg/L.  The highest NOx concentration (12 mg/L) occurred in a small tributary of 
Sevenmile Swamp at SR-1620.  There was no clear upstream to downstream pattern of 
NOx except possibly in the large UT that enters the mainstem of Sevenmile Swamp 
below the monitoring station, SSUT13b.   

The NOx concentrations were significantly higher in the Sevenmile Swamp watershed 
than in the other three watersheds.  The Great Coharie Creek watershed had the lowest 
median NOx concentrations (Figure 16B).  Overall, assessment sites had significantly 
higher mean NOx concentrations than the monitoring stations (Figure 16B).   
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Figure 16.  A) Distribution of nitrite + nitrate nitrogen at monitoring and assessment sites 
within the LWP area, grouped by watershed; B) nitrite + nitrate nitrogen concentrations 
plotted (log10 scale) by watershed.  A solid black line is the median nitrite + nitrate 
nitrogen concentration for all data combined.  A dashed black line is the median for 
assessment data (black dots).  A dashed blue line is the median for monitoring data 
(blue crosses).  Red squares indicate data below the PQL of 0.02 mg/L. 

A
   

B
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Many of the assessment sites were adjacent to agricultural fields and may have 
received direct NOx runoff from fertilizer applications and/or through seepage into the 
groundwater that fed these tributaries.  Fertilizer applications usually are applied during 
the late winter and spring as the fields are prepared for planting of new crops.  At this 
time, very little algae and aquatic macrophyte vegetation would have been present in 
the streams and uptake of NOx would have been minimal.  The dip in NOx 
concentrations observed during the late spring through mid-summer may be explained 
partly as uptake by algae and aquatic macrophyte vegetation.  Lack of conversion of 
ammonia nitrogen to NOx due to low dissolved oxygen (hence, little opportunity to 
oxidize ammonia) also is a likely factor.  The subsequent increase in NOx 
concentrations in late summer through the fall may reflect the natural seasonal 
senescence of algae and aquatic macrophytes, which would release nutrients into the 
water column.   

Total phosphorus.  Total phosphorus concentrations (hereafter called “phosphorus”) 
generally increased during the spring, leveled off during the summer, and began a very 
slight decrease in the fall (Figure 17).  This pattern was similar to those of ammonia 
nitrogen and TKN and, to a lesser extent, fecal coliform bacteria.  This pattern again 
points toward animals including livestock and wildlife, as well as poultry manure 
applications, as possible sources of phosphorus in the LWP area.  This trend also 
potentially could be considered, at least in part, as an artifact caused by very low flow 
during the warmer months.   

Phosphorus concentrations ranged from less than the Practical Quantitation Limit (PQL 
or reporting limit) of 0.02 mg/L to 0.58 mg/L in the LWP monitoring stations and < 0.02 
to 1.2 mg/L within the assessment sites (Table 3).  Figure 18A shows that there was no 
definite upstream to downstream pattern for phosphorus.  The highest median 
phosphorus concentrations occurred in the Kill Swamp watershed, but this was due to 
high concentrations measured during the monitoring phase; phosphorus concentrations  

 
Figure 17.  Seasonal trend in total phosphorus concentrations (log10 scale) within the 
LWP area, grouped by month.  Blue crosses are monitoring data; black dots are 
assessment data.  The blue line connects the means of all data for a given month, 
regardless of calendar year.  Red squares are data below the PQL of 0.02 mg/L. 
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Figure 18.  A) Distribution of total phosphorus at monitoring and assessment sites within 
the LWP area, grouped by watershed; B) total phosphorus concentrations plotted (log10 
scale) by watershed. The solid black line is the total phosphorus concentration for all 
data combined.  A dashed black line is the median for assessment data (black dots).  A 
dashed blue line is the median for monitoring data (blue crosses).  Red squares indicate 
data below PQL of 0.02 mg/L. 
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B
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measured in Kill Swamp during assessments actually were among the lowest in the 
entire LWP area (Figure 18B).  This likely may be an artifact of single-sample 
assessments that potentially could be elucidated by further investigation.  The highest 
phosphorus concentrations measured during assessments were 1.2 and 1.1 mg/L, 
respectively, in a small tributary to Great Coharie Creek close to its exit point from the 
LWP area (GCCUT-1845) and in a headwater tributary to Beaverdam Swamp (BSUT1-
13c).  The tributary to Great Coharie Creek (GCCUT-1845) had cows wading in the 
stream and also excessively high fecal coliform counts, ammonia nitrogen, and TKN 
(see sections above).   

SUMMARY AND CONCLUSIONS 

 Relative flow across the LWP area reflected seasonal conditions of rainfall and 
abnormally dry to moderate drought during most of the monitoring and 
assessment period.  Flow was greatly impacted by a combination of low rainfall 
within the upper Great Coharie Creek region and the presence of swamp 
conditions, including artificial impoundments and an abundance of beaver dams. 

 Very low flow occurring across the LWP area likely affected the patterns of water 
quality data observed during the study.   

 Dissolved oxygen concentrations reflected the seasonal patterns in relative flow 
and the effect of water temperatures on oxygen solubility.  Oxygen was lower in 
the monitoring stations than in the assessment sites; nearly half of the oxygen 
measurements in monitoring stations were below 4 mg/L, particularly from May 
through December.  This clearly reflected the stagnation resulting from swamp 
conditions, including impounding. 

 Specific conductance varied widely, but was higher in many assessment sites 
than in monitoring stations.  This seems to reflect the presence of higher 
concentrations of dissolved inorganic materials, possibly including nutrients, than 
at the monitoring stations. 

 The pH showed a slight, seasonal increase from winter through the summer.  
This trend would be consistent with the presence of more algae and aquatic 
macrophytes and increased photosynthesis during the growing season.  Low pH 
(less than 4.3 s.u.) occurred frequently in late winter and early spring at the 
assessments sites.   

 Fecal coliform counts increased during the growing season, most likely reflecting 
the presence of more livestock in the pastures, application of poultry manure as 
fertilizer, and, probably, more activity of wildlife.  Counts exceeded a 200 cfu/100 
mL reference level on a few occasions, and a 400 cfu/100 mL at least once in 
each watershed.  One assessment site (GCC-1845Ditch2) had cows wading in 
the stream and a count of 120,000 cfu/100 mL.  This site (originally thought to be 
a ditch, but later was found to be an actual tributary) would be a good location for 
deployment of a BMP fencing out the cattle. 

 All nutrients measured except nitrite + nitrate nitrogen (NOx) showed a seasonal 
increase from winter through summer.  These data suggest greater livestock and 
wildlife activity and poultry manure applications occurring during the growing 
season (ammonia nitrogen and phosphorus) and higher algal production during 
the growing season (TKN) as potential sources.  The NOx decreased during the 
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growing season most likely is the result of the combination of less conversion 
(oxidation) of ammonia nitrogen to NOx under low oxygen conditions and 
absorption of NOx into growing plant and algal biomass.  Further evaluations 
would be needed to confirm this. 

 The primary nutrient concerns continue to be NOx in Sevenmile Swamp, 
ammonia nitrogen in Kill Swamp (and to a lesser extent, Great Coharie Creek), 
and phosphorus in Kill Swamp.  

 Conditions in the small tributaries (smaller drainage areas) were different than 
those in the larger streams for many parameters (lower pH and  higher 
concentrations of dissolved oxygen, fecal coliforms, ammonia nitrogen, TKN, and 
NOx) due likely to less impounding and closer proximity to pastures, agricultural 
fields, and animal operations.  The relationships between landscape position/use 
and instream water quality needs to be examined further. 
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Appendix A 

Locations of Assessment Sites by Subwatersheds 

Map 
Code 

Sub-
watershed 

Site Code Location LATITUDE LONGITUDE 

1 BDS-01 BSUT-1703e UTe to Beaverdam Swamp at SR 1703 (Old Goldsboro Rd) 35.2339 -78.3636 

2 BDS-01 BSUT-701b UTb to Beaverdam Swamp at US 701 35.2335 -78.3504 

3 BDS-02 BSUTb-W_Grove UTb to Beaverdam Swamp at West Grove St 35.2485 -78.3617 

4 BDS-02 BSUTc-W_Grove UTc to Beaverdam Swamp at West Grove St 35.2485 -78.3617 

5 BDS-02 BS-50 Beaverdam Swamp at NC 50 35.2428 -78.3437 

6 BDS-02 BSUT_Bizzell UT to Beaverdam Swamp at Bizzell St 35.2383 -78.3539 

7 BDS-02 BSUT-13f UTf to Beaverdam Swamp at US 13 35.2439 -78.3572 

8 BDS-02 BSUT-13g UTg to Beaverdam Swamp at US 13 35.2437 -78.3575 

9 BDS-02 BSUT-1703f UTf to Beaverdam Swamp at SR 1703 (Old Goldsbo 35.2448 -78.3596 

10 BDS-02 BSUT-50a UTa to Beaverdam Swamp at NC 50 35.2459 -78.3567 

11 BDS-02 BSUT-50b UTb to Beaverdam Swamp at NC 50 35.2469 -78.3602 

12 BDS-03 BSUT-13c UTc to Beaverdam Swamp at US 13 (Goldsboro Rd) 35.2532 -78.3428 

13 BDS-03 BSUT-13d UTd to Beaverdam Swamp at US 13 (Goldsboro Rd) 35.2501 -78.3472 

14 BDS-03 BSUT-13e UTe to Beaverdam Swamp at US 13 (Goldsboro Rd) 35.2477 -78.3507 

15 BDS-03 BSUT-1700a UTa to Beaverdam Swamp at SR 1700 (Harper House Rd.) 35.2625 -78.3541 

16 BDS-03 BSUT-1700b UTb to Beaverdam Swamp at SR 1700 (Harper House Rd.) 35.2669 -78.3486 
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Map 
Code 

Sub-
watershed 

Site Code Location LATITUDE LONGITUDE 

17 BDS-03 BSUT-1700b Ditch Roadside ditch below BSUT-1700b 35.2669 -78.3486 

18 BDS-03 BSUT-1703a UTa to Beaverdam Swamp at SR 1703 (N Church St) 35.2495 -78.3574 

19 BDS-03 BSUT-1703b UTb to Beaverdam Swamp at SR 1703 (N Church St at US 701) 35.2517 -78.3556 

20 BDS-03 BSUT-1703c UTc to Beaverdam Swamp at SR 1703 (N Church St 35.2564 -78.3517 

21 BDS-03 BSUT-1703d UTd to Beaverdam Swamp at SR 1703 (N Church St 35.2582 -78.3466 

22 BDS-03 BSUT-701 UT to Beaverdam Swamp at US 701 35.2634 -78.3565 

23 BDS-04 BS-13 Beaverdam Swamp at US 13 (Goldsboro Rd) 35.2603 -78.3321 

24 BDS-04 BS-1700 Beaverdam Swamp at SR 1700 (Harper House Rd) 35.2784 -78.3319 

25 BDS-04 BS-1702 Beaverdam Swamp at SR-1702 (Rose Rd) 35.2694 -78.3320 

26 BDS-04 BS-1703 Beaverdam Swamp at SR 1703 (Old Goldsboro Rd) 35.2634 -78.3323 

27 BDS-04 BSUT1-13c UT1c to Beaverdam Swamp at US 13 35.2687 -78.3140 

28 BDS-04 BSUT-1192 UT to Beaverdam Swamp at SR1192 (Watershed Rd) 35.2828 -78.3295 

29 BDS-04 BSUT-13a UTa to Beaverdam Swamp at US 13 (Goldsboro Rd) 35.2671 -78.3177 

30 BDS-04 BSUT-13b UTb to Beaverdam Swamp at US 13 (Goldsboro Rd) 35.2681 -78.3152 

31 BDS-04 BSUT-1701a UTa to Beavrdam Swamp at SR1701 (Alex Benton R 35.2787 -78.3279 

32 BDS-04 BSUT-1701a1 UTa1 to Beaverdam Swamp at SR1701 (Alex Barton Rd) 35.2561 -78.3279 

33 BDS-04 BSUT-1705a UTa to Beaverdam Swamp SR1705 (Friday Rd) 35.2656 -78.3126 

34 BDS-04 BSUT-1705b UTb to Beaverdam Swamp SR1705 (Friday Rd) 35.2687 -78.3135 

35 BDS-04 US13-Ditch1 Ditch S. Side of US 13 near SR 1705 35.2690 -78.3130 
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Map 
Code 

Sub-
watershed 

Site Code Location LATITUDE LONGITUDE 

36 BDS-04 US13-Ditch2 Ditch N. Side of US 13 W of SR 1705 35.2690 -78.3140 

37 GCC-01 GCC-1845 Great Coharie Creek at SR 1845 (Rosin Hill Rd.) 35.1962 -78.3640 

38 GCC-01 GCC-1845_Ditch1 Ditch 1 crossing  SR1845 (Rosin Hill Rd) 35.1958 -78.3602 

39 GCC-01 GCCUT-1845 UT to Great Coharie Cr at SR 1845 (Rosin Hill Rd) 35.1949 -78.3566 

40 GCC-01 GCCUT-1803 UT to Great Coharie Cr at SR 1803 (Carr Rd) 35.1883 -78.3533 

41 GCC-01 GCCUT-1843 UT to Great Coharie Cr at SR 1843 (Whit Rd) 35.1904 -78.3506 

42 GCC-01 GCCUT-1845b UTb to Great Coharie Cr at SR1845 (Rosin Hill 35.1964 -78.3675 

43 GCC-02 GCCUT-1802 UT to Great Coharie Cr at SR 1802 (Britt Rd) 35.1973 -78.3420 

44 GCC-02 GCCUT-1845a UTa to Great Coharie Cr at SR 1845 (Rosin Hill Rd) 35.1995 -78.3466 

45 GCC-02 GCCUT-Bluebird1 UT1 to Great Coharie Cr off Bluebird Ln 35.2051 -78.3435 

46 GCC-02 GCCUT-Bluebird2 UT2 to Great Coharie Cr off Bluebird Ln 35.2086 -78.3428 

47 GCC-03 GCC-1647_Ditch1 Ditch 1 to Great Coharie Cr at SR 1647 (Warrens Mill Rd) 35.2154 -78.3937 

48 GCC-03 GCC-1703_Ditch3 Ditch 3 to Great Coharie Cr at SR 1703 (Old Goldsboro Rd) 35.2081 -78.3805 

49 GCC-03 GCCUT-1643c1 UT c1 to Great Coharie Cr at SR 1643 (Oak Grove Church Rd 35.2101 -78.3977 

50 GCC-03 GCCUT-1647d UTd to Great Coharie Cr at SR 1647(Warren Mill Rd) 35.2117 -78.3932 

51 GCC-03 GCCUT-1647e1 UTe1 to Great Coharie Cr at SR 1647(Warren Mill Rd) 35.2073 -78.3919 

52 GCC-03 GCCUT-1703a UTa to Great Coharie Cr at SR1703 (McLamb Rd) 35.2046 -78.3823 

53 GCC-03 GCCUT-1845c UTc to Great Coharie Cr at SR 1845 (Rosin Hill Rd) 35.1990 -78.3850 

54 GCC-04 GCC-1703_Ditch2 Ditch 2 to Great Coharie Cr at SR 1703 (Old Goldsboro Rd) 35.2109 -78.3798 



 

31 
 

Map 
Code 

Sub-
watershed 

Site Code Location LATITUDE LONGITUDE 

55 GCC-05 GCC-13 Great Coharie Cr at US 13 35.2331 -78.3762 

56 GCC-05 GCC-1703_Ditch1 Ditch 1 to Great Coharie Cr at SR 1703 (Old Goldsboro Rd) 35.2253 -78.3685 

57 GCC-05 GCCUT-1648b UTb to Great Coharie Cr at SR 1648 (Darden Rd) 35.2339 -78.3690 

58 GCC-06 GCCUT-13a UTa to Great Coharie Cr at US 13 35.2283 -78.3849 

59 GCC-06 GCCUT-13b UTb to Great Coharie Cr at US 13 35.2268 -78.3875 

60 GCC-06 GCCUT-13c UTc to Great Coharie Cr at US 13 35.2241 -78.3922 

61 GCC-06 GCCUT-1643b UTb to Great Coharie Cr at SR 1643 (Oak Grove Ch Rd) 35.2193 -78.4043 

62 GCC-06 GCCUT-1645 UT to Great Coharie Cr at SR 1645 (Isaham Rd) 35.2257 -78.3993 

63 GCC-06 GCCUT-1645a UTa to Great Coharie Cr at SR 1645 (Isaham Rd) 35.2286 -78.3968 

64 GCC-06 GCCUT-1647a UTa to Great Coharie Cr at SR 1647(Warrens Mill Rd) 35.2248 -78.3972 

65 GCC-06 GCCUT-1647b UTb to Great Coharie Cr at SR 1647(Warrens Mill Rd) 35.2281 -78.3962 

66 GCC-06 GCCUT-1647c UTc to Gret Coharie Cr at SR 1647 (Warren Mill Rd) 35.2329 -78.3920 

67 GCC-06 GCCUT-1647e UTe to Great Coharie Cr at SR 1647 (Warren Mill Rd) 35.2191 -78.3952 

68 GCC-06 GCCUT-1801 UT to Great Coharie Cr at SR 1801 (Captain Westbrook Rd) 35.2227 -78.3913 

69 GCH-01 GCCUT-1648 UT to Great Coharie Cr at SR 1648 (Darden Rd) 35.2354 -78.3771 

70 GCH-01 GCCUT-50a UTa to Great Coharie Cr at NC50 35.2485 -78.3806 

71 GCH-01 GCCUT-50b UTb to Great Coharie Cr at NC 50 35.2500 -78.3737 

72 GCH-01 GCCUT-50c UTc to Great Coharie Cr at NC 50 35.2499 -78.3745 

73 GCH-01 GCCUT-55a UTa to Great Coharie Cr at NC 55 35.2478 -78.3838 
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Map 
Code 

Sub-
watershed 

Site Code Location LATITUDE LONGITUDE 

74 GCH-02 GCC-1646_DitchB Ditch B on SR1646 (Old Crow Rd) flowing SE into UT to GCC 35.2462 -78.4087 

75 GCH-02 GCC-1647 Great Coharie Cr at SR1647 (Warrens Mill Rd) 35.2389 -78.3929 

76 GCH-02 GCCUT-1648a UTa to Great Coharie Cr at SR1648 (Darden Rd) 35.2458 -78.3882 

77 GCH-02 GCCUT-55b UTb to Great Coharie Cr at NC 55 35.2472 -78.3876 

78 GCH-02 GCCUT-55c UTc to Great Coharie Cr at NC 55 35.2464 -78.3934 

79 GCH-03 GCC-1643_Ditch Ditch crossing SR-1643 (Oak Grove Ch Rd) 35.2356 -78.4192 

80 GCH-03 GCC-1644_Ditch Ditch crossing SR-1644 (Eldridge Rd) 35.2327 -78.4172 

81 GCH-03 GCCUT-1643 UT to Great Coharie Cr at SR 1643 (Oak Grove Ch Rd) 35.2325 -78.4159 

82 GCH-03 GCCUT-1644 UT to Great Coharie Cr at SR1644 (Eldridge Rd) 35.2306 -78.4185 

83 GCH-04 GCC_55DitchA Ditch A on NC-55 nr Trailer park betw SR1641 and SR1643 35.2535 -78.4242 

84 GCH-04 GCC_55DitchB Ditch B on NC-55 just W of SR1646 35.2475 -78.4097 

85 GCH-04 GCC-1635_DitchD Ditch D on GCC-1635 (Maple Grove Church Rd) 35.2427 -78.4357 

86 GCH-04 GCC-1643 Great Coharie Cr at SR 1643 (Oak Grove Church Rd) 35.2458 -78.4259 

87 GCH-04 GCC-1646DitchA Ditch A on SR1646 (Old Crow Rd) flowing N to GCC 35.2419 -78.4211 

88 GCH-04 GCCUT-1643c2 UTc2 to Great Coharie Cr at SR1643 (Oak GroveCh Rd) 35.2484 -78.4258 

89 GCH-05 GCC-1635_DitchA Ditch A on GCC-1635 (Maple Grove Church Rd) 35.2408 -78.4560 

90 GCH-05 GCC-1635_DitchB Ditch B on GCC-1635 (Maple Grove Church Rd) 35.2407 -78.4531 

91 GCH-05 GCC-1635_DitchC Ditch C on SR-1635 (Maple Grove Ch Rd) 35.2414 -78.4437 

92 GCH-05 GCC-1636a Great Coharie Cr at SR 1636 (Easy St), northern crossing 35.2446 -78.4507 
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Map 
Code 

Sub-
watershed 

Site Code Location LATITUDE LONGITUDE 

93 GCH-05 GCCUT-1635 UT to Great Coharie Cr at Maple Grove Church Rd 35.2407 -78.4476 

94 GCH-05 GCCUT-1636a UTa to Great Coharie Cr at SR1636 (Easy St) 35.2553 -78.4496 

95 GCH-05 GCCUT-1636b UTb to Great Coharie Cr at SR1636 (Easy St) 35.2371 -78.4515 

96 KS-01 KSUT-1800 UT to Kill Swamp at SR 1800 35.2232 -78.3498 

97 KS-02 KSUT-1712 UT to Kill Swamp at SR 1712 (Blake Rd) 35.2264 -78.3247 

98 KS-03 KSUT-1711c UTc to Kill Swamp at SR1711 (William King Rd) 35.2295 -78.3140 

99 KS-03 KSUT-50a UTa to Kill Swamp at NC 50 35.2436 -78.3253 

100 KS-03 KSUT-50b UTb to Kill Swamp at NC 50 35.2457 -78.3131 

101 KS-04 KS-Ditch1 Ditch N. Side of NC 55 35.2368 -78.2737 

102 KS-04 KS-Ditch2 Ditch S. Side of NC 50 35.2361 -78.2726 

103 KS-04 KSUT-1711a UTa to Kill Swamp at SR 1711 (William R. King Rd) 35.2313 -78.2946 

104 KS-04 KSUT-1711b UTb to Kill Swamp at SR 1711 (William R. King Rd) 35.2376 -78.2850 

105 KS-05 KS-1707 Kill Swamp at SR 1707 (Corbett Rd) 35.2502 -78.2989 

106 KS-05 KSUT-1707 UT to Kill Swamp at SR 1707 (Corbett Rd) 35.2474 -78.2896 

107 KS-05 KSUT-1711d Ditch on E side of Rd 35.2401 -78.2844 

108 KS-05 KSUT-1711e Drains trailer pk on E side of Rd 35.2409 -78.2841 

109 KS-05 KSUT-50b1 UTb to Kill Swamp at NC 50 35.2437 -78.3636 

110 KS-05 KSUT-50c UTc to Kill Swamp at NC 50 35.2464 -78.2921 

111 KS-05 KSUT-50d UTd to Kill Swamp at NC 50 ( at Corbett Rd) 35.2440 -78.2871 
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Map 
Code 

Sub-
watershed 

Site Code Location LATITUDE LONGITUDE 

112 SMS-01 SS-1804Ditch Ditch on House's Mill Rd (SR 1804) 35.1882 -78.3752 

113 SMS-01 SSUT-1804 UT to Sevenmile Swamp at SR1804 (House's Mill 35.1881 -78.3753 

114 SMS-01 SSUT-1846a UTa to Sevenmile Swamp at SR 1846 (Sevenmile Church Rd) 35.1825 -78.3942 

115 SMS-01 SSUT-1846b UTb to Sevenmile Swamp at SR 1846 (Sevenmile Church Rd) 35.1806 -78.3859 

116 SMS-02 SSUT-1703 UT to Sevenmile Swamp at SR1703 (Old Goldsboro 35.1966 -78.3911 

117 SMS-02 SSUT-1805a UTa to Sevenmile Swamp at SR 1805 (Dudley Rd) 35.1828 -78.4048 

118 SMS-02 SSUT-1845 UT to Sevenmile Swamp at SR 1845 (Rosin Hill Rd) 35.2046 -78.3972 

119 SMS-03 SSUT-1640a UTa to Sevenmile Swamp at SR 1640 (Prong Rd) 35.2183 -78.4251 

120 SMS-03 SSUT-1640b UTb to Sevenmile Swamp at SR 1640 (Prong Rd) 35.2222 -78.4261 

121 SMS-03 SSUT-1640c UTc to Sevenmile Swamp at SR 1640 (Prong Rd) 35.2276 -78.4313 

122 SMS-03 SSUT-1640d UTd to Sevenmile Swamp at SR 1640 (Prong Rd) 35.2323 -78.4305 

123 SMS-03 SSUT-1644 UT to Sevenmile Swamp at SR 1644 (Eldridge Rd) 35.2118 -78.4142 

124 SMS-04 SS-Ditch1620 Ditch on Timothy Rd (SR 1620) 35.2158 -78.4373 

125 SMS-04 SSUT-1639 UT to Sevenmile Swamp at Wyre Branch Rd (SR 1639) 35.2091 -78.4324 

126 SMS-04 SS-13 Sevenmile Swamp at US 13 35.2043 -78.4314 

127 SMS-04 SSUT-13a UTa to Sevenmile Swamp at US 13 35.2052 -78.4287 

128 SMS-04 SSUT-1620f UTf to Sevenmile Swamp at SR 1620 (Timothy Rd) 35.2156 -78.4372 

129 SMS-04 SSUT-1805b UTb to Sevenmile Swamp at SR1805 (Dudley Rd) 35.1845 -78.4150 

130 SMS-04 SSUT-1808 UT to Sevenmile Swamp at SR1808 (Jones Rd) 35.1975 -78.4251 



 

35 
 

Map 
Code 

Sub-
watershed 

Site Code Location LATITUDE LONGITUDE 

131 SMS-05 SS-1620 Sevenmile Swamp at SR 1620 (Timothy Rd) 35.2415 -78.4879 

132 SMS-05 SS-1636 Sevenmile Swamp at SR 1636 (Easy St) 35.2221 -78.4636 

133 SMS-05 SSUT-1620c UTs to Sevenmile Swamp at SR 1620 (Timothy Rd) 35.2244 -78.4602 

134 SMS-05 SSUT-1620d UTd to Sevenmile Swamp at SR 1620 (Timothy Rd) 35.2217 -78.4562 

135 SMS-05 SSUT-1620e UTe to Sevenmile Swamp at SR 1620 (Timothy Rd) 35.2172 -78.4499 

136 SMS-05 SSUT-1636a UTa to Sevenmile Swamp at SR 1636 (Easy St) 35.2165 -78.4665 

137 SMS-05 SSUT-1636b UTb to Sevenmile Swamp at SR 1636 (Easy St) 35.2106 -78.465 

138 SMS-05 SSUT-1636c UTc to Sevenmile Swamp at SR 1636 (Easy St) 35.2265 -78.4605 

139 SMS-05 SSUT-1637 UT to Sevenmile Swamp at SR 1637 (Fleet Naylor Rd) 35.2119 -78.4612 

140 SMS-05 SSUT-242 UT to Sevenmile Swamp at NC 242 35.2314 -78.4944 

141 SMS-06 SS-Ditch242a Ditch A on W side of NC 242 35.2578 -78.4924 

142 SMS-06 SS-Ditch242b Ditch B on E side of NC 242 35.2494 -78.4931 

143 SMS-06 SSUT-1620a UTa to Sevenmile Swamp at SR 1620 (Timothy Rd) 35.2424 -78.4979 

144 SMS-06 SSUT-55 UT to Sevenmile Swamp at NC 55 35.2648 -78.4983 
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Appendix B 

Explanation of Box and Whiskers Plots 
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