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1 Introduction 
 
The North Carolina Wetlands Restoration Program (NCWRP) contracted with Buck 
Engineering in 2002 to perform a technical assessment of three 14-digit hydrologic units 
(HUs) in the Middle Cape Fear River Basin.  This work is being completed as part of the 
Local Watershed Planning (LWP) initiative, which is currently administered by the North 
Carolina Ecosystem Enhancement Program (EEP).  This Technical Memorandum 
documents selection and calibration of a watershed model for the LWP effort. 
 
The three HUs are parallel drainages to the Cape Fear River and are located within 
portions of Chatham, Wake, and Harnett Counties (Figure 1.1).  The total land area for 
the HUs totals approximately 180 square miles.  The HUs include parts of the towns of 
Apex, Holly Springs, and Fuquay-Varina and the portion of Raven Rock State Park north 
and east of the Cape Fear River.  Major streams in the watersheds include: tributaries to 
Harris Lake (White Oak Creek, Little White Oak Creek, Buckhorn Creek, Utley Creek, 
and Cary Branch), Parkers Creek, Mill Creek, Avents Creek, Hector Creek, Kenneth 
Creek, Neills Creek, and Dry Creek.   
 
For the purposes of this study, the three hydrologic units were further divided into 
subwatersheds based on their drainage system in order to develop more manageable units 
for analysis and management.  Using a geographic information system (GIS), the three 
watersheds were divided into 19 subwatersheds, ranging in size from 3.6 to 16.5 square 
miles.  Refer to Technical Memorandum 1 for an overview of the project subwatersheds. 
 
The information presented in this document supplements the watershed characterization 
and field data summary submitted to the EEP in Technical Memorandums 1 and 2 
(Figure 1.2).  Buck Engineering calibrated an empirical model, the Soil and Water 
Assessment Tool (SWAT), with existing and project data to assess general land use 
impacts to water quality and to provide an estimate of baseline watershed conditions.  
The choice of SWAT considered numeric goals and objectives and will be able to give an 
indication of progress towards achieving them.  The SWAT model incorporates existing 
geographic, environmental, and management conditions together with land use conditions 
to estimate sediment and nutrient loadings.   
 
Other modeling tasks described in this report include delineating model catchments based 
on stream networks and groupings of uniform watershed characteristics, obtaining and 
processing meteorological data, defining watershed hydrology, calibrating the model, and 
documenting the results. 
 
Future tasks will involve modeling various land use and management scenarios, including 
estimates of land development, implementation of best management practices, and 
adoption of stormwater and buffer regulations.   
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Figure 1.2 Local Watershed Plan Project Flow Chart  
 
 
 



 2-1

2 Model Selection and Parameters 
 

2.1 Methods 
 
Water quality modeling techniques were employed to produce sediment and nutrient 
loading estimates for the project watershed.  The model incorporates existing geographic, 
environmental, and management conditions together with current land use conditions to 
estimate sediment and nutrient loadings. 

2.2 Model Selection 
 
The Soil and Water Assessment Tool (Neitsch et al., 2002) was selected for the sediment 
and nutrient analysis.  SWAT was developed to quantify the impact of land management 
practices in large, complex watersheds.  It is designed to integrate many land cover, land 
use, and environmental features of a watershed with land and stream management 
practices into water quality predictions.  SWAT’s ability to predict water quality, 
sediment, and nutrient response to changing land use and management conditions makes 
it an ideal model to predict conditions in the project area. 
 
The SWAT model requires topographic, hydrographic, land use, soils, and weather data 
to simulate surface water quality (Figure 2.1).  Soil, groundwater, reservoir, and stream 
processes components are modeled (Figure 2.2). 

2.3 Watershed Delineation 
 
A digital elevation model (DEM) for the project area was developed based on 1:24,000 
topographic maps.  ESRI GIS software Spatial Analyst was use to delineate watershed 
boundaries.  For modeling purposes, the three hydrologic units that make up the project 
area were delineated and adopted as the model boundaries (Figure 1.1).   

2.4 Field Data Collection 
 
The SWAT model requires information about channel dimensions, Manning’s n, stream 
cover, and bank erodibility parameters.   Under a previous project task, field data 
measurements were taken at selected study sites to fulfill this data requirement.  Results 
were extrapolated from site locations to larger representative areas. 
 
Twenty-two stream sites were surveyed within the project area watershed to determine 
channel dimension, assess stream bank condition, and measure bed materials.  Sites were 
selected to represent a wide range of drainage areas from each portion of the study area.  
An initial reconnaissance of the area was performed to determine whether the sites were 
viable.  Sites with poor or dangerous access and sites with unusual hydraulics were 
excluded from the study.  Selected sites were deemed to be representative of typical 
stream conditions in the vicinity.  Selected sites are presented in Figure 2.3.
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Figure 2.1 Data Inputs for the SWAT Model
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Figure 2.2 Data Flow in the SWAT Model
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A riffle cross section (or a cross-over in sand bed streams) was surveyed up or 
downstream of a road crossing at a location that did not appear to be adversely impacted 
by the bridge or culvert.  Where the channel exhibited pattern, pools were also surveyed 
at meander bends.  Scour pools caused by woody debris or other in-stream blockages 
were not selected to be surveyed.  A total of 34 cross sections were surveyed.  Cross-
section measurements were taken of the floodplain, top of bank, bankfull, edge of 
baseflow channel, water surface, and other channel features.    
 
A modified Wolman pebble count analysis was used on course riffles that exhibited 
cobble and course gravel as the dominant substrate (Bunte and Abt, 2001).  In sand/fine 
gravel bed streams bulk samples were taken of the bed material using standard USGS 
sampling procedures.  Bulk samples were composed of at least 10 composite samples 
collected in equal increments across the baseflow stream channel.  This bulk sample was 
then dried and sieved to determine the percent composition of individual sized particles.  
 
Bank Erodibility Hazard Index (BEHI) estimates were performed at each site (Rosgen, 
2000). The BEHI values were helpful in determining bulk erodibilty for the modeling 
phase to calibrate erosion volume.  The qualitative BEHI scores (e.g., low, medium, high) 
were used to choose the appropriate modeling parameters based on best professional 
judgment. 
 
A summary of the data relevant to the SWAT model input for each of the 22 field surveys 
is listed in Appendix 1.  Detailed cross section and sediment data were presented in 
Technical Memorandum 2 Appendices A and B, respectively.  Photos were taken at each 
cross section looking upstream and downstream and, where an unusual condition existed, 
photos were taken of each bank.  These photos were presented in Technical 
Memorandum 2 Appendix 3. 
 

2.5 Other Data Sources 
 
Other data required for model calibration and implementation were secured and are 
described below. 

2.5.1 Meteorological Data 
 
Weather station data were obtained from the Clayton, NC National Weather Service 
station.  This weather station is the closest to the Project Area (Figure 2.4), is in the same 
geophysiographic region, and has a similar altitude.  Weather statistics over the past 29 
years from this site were used as a source to generate simulated weather for model runs. 
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2.5.2 Land Use/Land Cover Data 
 
Multiple GIS data sources were processed and combined to create a current land use/land 
cover dataset for use in SWAT: existing land cover (EarthSat, 1996), 2003 aerial imagery 
(SPOT, 2003), hydrology (NCCGIA, 2000), roads (NCDOT, 1999), and the National 
Wetlands Inventory (NWI) (USFWS, 1999).  The EarthSat land cover dataset was the 
basis for creation of the updated dataset.  Areas where land use in the SPOT imagery 
differed from the existing land cover data based on visual comparison were digitized as 
polygon features and incorporated into the new land use/land cover dataset.  Similarly, 
NWI wetlands, hydrology, and roads datasets were also used to update the EarthSat land 
cover data.  Attribute information was added to the new dataset to enable SWAT to 
interpret the land use/land cover type (Figure 2.5). 

2.5.3 Soils 
 
Nineteen distinct soil types are located within the project watershed (Figure 2.6).  GIS 
soils data from the State Soil Geographic (STATSGO) dataset for Chatham County 
(USDA, 1998a) and the Soil Survey Geographic (SSURGO) datasets for Wake (USDA, 
1998b) and Harnett (USDA, 1998c) counties were compiled to create a single dataset for 
use in SWAT.  The more general STATSGO soils data were used in Chatham County 
because SSURGO soils information is not yet available.  Using the STATSGO and 
SSURGO datasets provided more detailed GIS data than are available in the default 
SWAT soils data.  Attribute information was added to the new soils dataset to enable 
SWAT to interpret the soil type.  

2.5.4 Harris Lake 
 
Harris Lake was modeled as it has the potential to mitigate downstream sediment and 
nutrient pollution and because water quality in the lake may be impacted by the future 
development.  Model parameters for the reservoir are presented in Appendix 2. 

2.5.5 Point Sources 
 
Six discharges of treated waste are permitted under the National Pollutant Discharge 
Elimination System (NPDES) in the project watershed (Figure 2.7).  Three of the permits 
are for municipal wastewater treatment facilities (Angier, Fuquay-Varina, and Holly 
Springs).  Two additional permits are for small discharges associated with private waste 
treatment facilities.  Progress Energy also has an NPDES permit for its discharge to 
Harris Lake.  None of these discharges are large enough to have significant impact on 
model results. 
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3 Model Calibration 
 
Stream channel segmentation was based upon the DEM and existing stream hydrography.  
ESRI GIS software Spatial Analyst was use to determine the location of all channels with 
drainage areas greater than one square mile.  Reaches were linked at their confluences 
with routing nodes (Figure 3.1).  A total of 720 stream miles in 160 reaches were 
modeled within the 180 square mile watershed.  The catchments associated with each of 
these reaches are shown in Figure 3.2. 
 
Current land use and soils data were overlain with the 74 catchment boundaries to create 
tables of the hydraulic response units (HRUs), unique combination of soil and land use 
for each catchment.  The SWAT model was then parameterized with the spatial data 
described above. 
 
Channel dimensions, Manning’s n, stream cover, and bank erodibility parameters were 
entered for each stream reach to reflect values observed and recorded in the field.  At 
locations where field measurements were taken at study sites, the data were used directly 
in the selection of model parameters.  In other areas, best professional judgment was used 
to extrapolate known channel characteristics.  
 
The model was run for a five year period of simulated weather.  The initial mean annual 
runoff value from the model was 1.05 cubic feet per second (cfs) per year.   This 
compared favorably to the USGS estimate for the region of 1.1 cubic feet per second per 
year (Giese and Mason, 1993).  Because hydraulic processes are important to essentially 
all model components, hydraulic calibration was achieved by minor global adjustment of 
the runoff curve numbers so that a final modeled mean annual runoff value of 1.1 cubic 
feet per second per year was achieved.  This resulted in an average flow of 198 cfs at the 
combined outlets of the study area. 
 
As detailed water quality data are not yet available for the study area, calibration of the 
model was limited to hydrology at this time.  However, sediment and nutrient 
concentrations predicted by the model were in the range of typical piedmont values.  
Detailed calibration of sediment and nutrients can be completed as field data is supplied.
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4 Results and Discussion 
 
For ease of discussion, the results presented here are summarized by the major drainages 
in the study area: Buckhorn Creek (including Harris Lake), Parkers Creek, Avents Creek, 
Hector Creek, and Neills Creek (including the Kenneth Creek drainage).  Figure 4.1 
shows the locations of these drainages.  The Dry Creek drainage was modeled; however, 
results are not presented because field data were not available (e.g., channel dimensions) 
and the calibration of the model was therefore incomplete.  In consultation with the EEP, 
the decision was made to drop Dry Creek from the modeling analysis and spend available 
resources in other study drainages. 
 

4.1 Water Yield 
 
Water yield was relatively consistent throughout the study area with all watersheds’ 
discharge within a few percent of the study area’s mean annual runoff of 1.1 ft/year.  As a 
result, discharges from each of the five major drainages were proportional to their 
drainage area.  The Buckhorn Creek drainage, by far the largest sub-watershed in the 
project area, produced the greatest discharge and the smallest sub-watershed, Parkers 
Creek, produced the least water (Figure 4.2). 
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Figure 4.2 Average Annual Discharges for Study Watersheds 
 
The sandy soils in the lower portion of the basin produced the most water while 
urbanized headwater catchments produced the least (Figure 4.3).  Harris Lake also had a 
small effect on water yield.  However, all catchments within the study area produced at 
least 95% of the maximum modeled water yield meaning that no major net hydrologic 
impacts were observed within the study area. 
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4.2 Sediment Yield 
 
Sediment yield is highly variable throughout the study area due to both channel 
conditions and land management.  Harris Lake in the Buckhorn Creek watershed is a 
major sediment sink and sediment concentrations below the lake are dramatically lower 
than any other watershed in the study area (Figure 4.4).  Parkers Creek also is predicted 
to have a relatively low instream sediment concentration, primarily due to the large 
percentage of forest cover in the watershed.  Avents, Hectors, and Neills Creek sub-
watersheds each show relatively high sediment discharge with Neills Creek predicted to 
have the highest sediment concentration of the study area sub-watersheds. 
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Figure 4.4 Average Annual Sediment Concentrations for Study Watersheds 
 
Sediment yield by catchment is presented in Figure 4.5.  Headwater reaches in urbanizing 
areas had the highest relative sediment yield.  Catchments along the Cape Fear River 
flood plain had very low sediment yield.  This is indicative of active floodplains that are 
capturing sediments before they reach the Cape Fear River. 
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4.3 Nutrient Loading 
 
Nutrient loading is relatively high throughout most of the study area with an average of 
1.7 mg/l total nitrogen (TN) and 0.2 mg/l total phosphorus (TP).   Parkers and Avents 
Creeks were predicted to have significantly less nutrient than the other sub-watersheds 
(Figures 4.6 and 4.7).  Buckhorn Creek was predicted to have very low phosphorus 
concentrations (Figure 4.7) but nitrogen concentrations approximately equal to the study 
area average.  This is due to the fact the Harris Lake, as an effective sediment trap, 
collected phosphorus bound to sediments but allows the more soluble nitrogen 
compounds to pass through the lake.  Neills Creek demonstrated the highest nutrient 
concentrations. 
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Figure 4.6 Average Annual Total Nitrogen Concentrations for Study Watersheds 
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Figure 4.7 Average Annual Phosphorus Concentrations for Study Watersheds 
 
TN yield by catchment is presented in Figure 4.8.  Headwater reaches in urbanizing areas 
had the highest relative nitrogen supply.  Agricultural catchments also produced 
relatively high nitrogen loads, particularly in the Parkers Creek and Avents Creek sub-
watersheds.  Unlike the pattern observed with sediment, catchments along the Cape Fear 
River flood plain contributed significantly to the study areas nitrogen supply.  This is due, 
in some part, to the sandy soils that permit dissolved nitrogen to pass quickly into 
tributaries and streams. 
 
TP yield by catchment is presented in Figure 4.9.  Headwater reaches in urbanizing areas 
had the highest relative phosphorus supply.  Catchments along the Cape Fear River flood 
plain had very low phosphorus supply.  This very low TP yield is the result of limited 
erosion along low slope stream channels and active floodplains that collect phosphorus 
associated with sediment. 
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Figure 4.8  Total Nitrogen Yield (kg N/ha)
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Figure 4.9  Total Phosphorus Yield (kg P/ha)
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4.4 Summary 
 
Nutrient and sediment loadings vary greatly throughout the study area.  Harris Lake has a 
strong water quality effect as it traps significant amount of sediment and phosphorus.  
Agricultural activities and channel erosion from developed areas result in some 
catchments with very high sediment and nutrient sources.  Transport and storage of 
sediments as they move through the steeper headwater creeks and onto the Cape Fear 
floodplain play an important role in pollutant delivery.  The location of resources is 
crucial in determining the importance of upstream pollutant sources. 
 

4.5 Future Modeling 
 
This model has provided an estimate of baseline conditions for discharge, sediment, and 
common nutrients based on existing land use and management.  The calibrated model 
presented in this report will be used to test various future land use conditions.  Examples 
of model scenarios include potential causes of water quality degradation, including 
wetland and forest cover loss to other land uses, future transportation impacts, and other 
land cover alterations.  In addition, various methods to reduce the impacts of future land 
use scenarios (e.g., stormwater management, preservation and restoration opportunities, 
and conservation development options) will be modeled. 
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