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ABSTRACT: 

Stormwater runoff from urban land has become a challenge for growing communities in 

managing non-point source pollution.  The stormwater runoff of Downtown Durham, North 

Carolina is of particular interest, due to its location relative to the Falls Lake Reservoir.  The 

purpose of this study is to use monitoring and modeling data to determine the best 

management of the Duke Diet and Fitness Center property, which drains 474 acres of urban 

land in Downtown Durham.  Monitoring data was collected at this site for 9 storm events from 

July to October, 2010 and then analyzed for total nitrogen and phosphorus concentrations.  The 

Jordan/Falls Lake Stormwater Accounting Tool and the Upper Neuse Site Evaluation Tool were 

used to determine nutrient loads and peak flow rate for 4 management scenarios using Best 

Management Practices (BMPs) in the drainage catchments.  Based on these results, we give our 

recommendation for the construction of a wet pond at the site which will significantly reduce 

peak flow and nutrient loads from Downtown Durham.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3 
 

 

Table of Contents 
 

Introduction ................................................................................................................................................ 5 

Research Objectives ................................................................................................................................. 10 

Water Quality Monitoring 

Methodology................................................................................................................................ 10 

Results ........................................................................................................................................... 11 

Discussion .................................................................................................................................... 14 

 

Water Quality Modeling 

Methodology................................................................................................................................ 15 

Results ........................................................................................................................................... 20 

Discussion .................................................................................................................................... 26 

 

Management Recommendations ........................................................................................................... 28 

Works Sited ............................................................................................................................................... 31 

 

Appendix A: Additional Stormwater Monitoring Results ................................................................. 32 

Appendix B: Model Input Methods and Assumptions ...................................................................... 44 

Appendix C: Jordan Lake Model Outputs ........................................................................................... 53 

Appendix D: SET Model Outputs .......................................................................................................... 65 

 

 

 

 

 



4 
 

 

List of Tables and Figures 

Figure 1: Ellerbe Creek Watershed  .......................................................................................................................... 6 

Figure 2: Percent Data Exceeding Chlorophyll-a Standard in Falls Lake ........................................................... 7 

Figure 3: Overview of the Downtown and Trinity Stormwater Catchments  .................................................... 8 

Figure 4: Former Duke Diet & Fitness Center (DDFC)  ......................................................................................... 9 

Figure 5: Total Phosphorus Concentration of 25 Oct 2010 Stormwater Flows ................................................. 11 

Figure 6: Total Nitrogen Concentration of 25 Oct 2010 Stormwater Flows ...................................................... 12 

Figure 7: Baseline Phosphorus Concentrations for Trinity and Downtown Catchments ............................... 13 

Figure 8: Baseline Nitrogen Concentrations for Trinity and Downtown Catchments .................................... 14 

Table I: Percent Removal for BMP’s by Type........................................................................................................ 17 

Figure 9: Four Management Scenarios in the Trinity Catchment  ..................................................................... 18 

Table II: Four Management Scenarios for Downtown and Trinity Catchments .............................................. 18 

Table III: Existing Land Use in Downtown and Trinity Catchments for SET and Jordan Tools ................... 20 

Table IV: Existing Land Use in Downtown and Trinity Catchments for SET and Jordan Tools ................... 20 

Figure 10: Total Nitrogen Loads for 4 Management Scenarios in Downtown and Trinity Catchments  ..... 21 

Figure 11: Total Phosphorus Loads for 4 Management Scenarios in Downtown and Trinity Catchments . 22 

Figure 12: Peak Flow Rates for Existing Land Use and Existing BMPs in the Downtown Catchment ........ 23 

Table V: Existing BMPs in the Downtown Catchment ........................................................................................ 23 

Figure 13: Peak Flow Rates for Existing Land Use and Wet Pond BMP for the Downtown Catchment ..... 24 

Figure 14: Peak Flow Rates for Existing Land Use and Wet Pond, Green Roofs BMPs for the Downtown 

Catchment  ................................................................................................................................................................. 24 

Figure 15: Peak Flow Rates for Existing Land Use and Wetland, Green Roofs BMPs for the Downtown 

Catchment  ................................................................................................................................................................. 25 

Table VI: Median Effluent Concentrations for Modeling and Monitoring Results ......................................... 25 

Figure 16: Sample wet pond design for the Duke Diet & Fitness Center.  ....................................................... 28 



5 
 

Introduction 

Stormwater runoff has become an increasing source of pollution in growing urban areas 

(Goonetilleke et al, 2005).  Precipitation that once infiltrated into groundwater is impeded by 

impervious surfaces in urban environments, where roads, sidewalks and buildings are highly 

concentrated. Urban stormwater is associated with flooding and pollutants that are washed 

from these impervious surfaces.  Stormwater picks up debris from land surfaces including litter, 

sediments and chemicals from cars.   Therefore, rainfall runoff in urban areas enters surface 

waters in increasing volumes and washes with it sediments and pollutants.   

The developing area of North Carolina’s Triangle Region is no exception to such stormwater 

issues. Excess nutrients are draining into Falls Lake, a man-made reservoir located in the Upper 

Neuse River Basin, within the Piedmont region of North Carolina. Falls Lake was constructed in 

1981 to alleviate damage from flooding, and provides a water source for the near-by growing 

community. The lake now also serves as a recreational area for local residents and a location for 

wildlife conservation. Ellerbe Creek, a tributary of the Upper Neuse River, flows into Falls Lake 

(Figure 1). It is located near Downtown Durham and has been altered over the years to better 

accommodate development and deal with flooding of urban areas (NC Parks, 2011).   
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Figure 1: Ellerbe Creek Watershed – location of City of Durham in relation to Ellerbe Creek Watershed 

and Falls Lake Reservoir.  

Results of water quality monitoring conducted between 2002 and 2006 in Falls Lake revealed 

water quality below the state standard.  Falls Lake did not meet state water quality standards 

for Chlorophyll-a.  Chlorophyll-a measures the productivity of algae in the lake and indicates 

increased levels of nutrients.  The nutrients of greatest concern for water quality are nitrogen 

and phosphorus (Overview of Proposed Falls Lake Nutrient Strategy, 2010). Of the contributing 

streams in the Falls Lake watershed, Ellerbe Creek is considered the most impaired tributary. 

Figure 2 shows the percent of monitoring data exceeding Chlorophyll-a concentrations within 

the Falls Lake watershed.  Ellerbe Creek is the only tributary with greater than 70% data 

exceeding the Chlorophyll-a standard. Based on conversations with City of Durham stormwater 

experts, Ellerbe Creek also inputs a large volume of stormwater into Falls Lake.  Therefore, it is 

a highly important stream for the improvement of water quality in Falls Lake.  

 



7 
 

 
Figure 2: Percent Data Exceeding Chlorophyll-a Standard in Falls Lake (Source: NC DWQ) 

In 2009, the North Carolina Environmental Management Commission signed into law a senate 

bill addressing water quality improvements to Falls Lake. Under this bill, a Falls Lake Nutrient 

Management Strategy was drafted and adopted on15 January 2011.  The nutrient strategy lays 

out nine rules addressing stormwater management for new and existing development, 

wastewater discharge, agriculture, fertilizer management, nutrient offsetting and requirements 

for state and federal properties.  These rules require any major contributor of nutrients to 

reduce phosphorus and nitrogen loads to the lake by 77% and 40% respectively from 2006 

conditions.  All residents, businesses, and users within the Falls Lake watershed are required to 

reduce inputs of nutrient-heavy materials into the lake from these various entities.  

Project Focus Area 

The focus of this project is the stormwater runoff from new and existing development, 

specifically runoff from Downtown Durham. Two catchments drain stormwater runoff from 

Downtown Durham at the site of the former Duke Diet and Fitness Center (DDFC) (Figure 3). 

To the west is the Trinity Catchment (TC), which contains part of the commercial and industrial 

district, part of the Trinity Park Residential neighborhood, and part of Duke’s East Campus.  It 

is 220 acres in size and covered by 54% impervious surfaces.  To the east is the Downtown 
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Catchment (DC), which contains a large portion of the commercial and industrial district and 

some residential areas.  It is 254 acres in size and covered by 66% impervious surfaces. 

 
Figure 3:  Overview of the Downtown and Trinity Catchments. Stormwater runoff from this area drains 

to the Duke Diet & Fitness Center property.  

The property of the former Duke Diet and Fitness Center is approximately 9.1 acres in size.  The 

building on the property was built in 1957 and first housed a local YMCA.  Duke acquired the 

property in 1982, and used it as the Diet and Fitness Center until 2008.  Since then, it retains 

partial use as a community recreation facility. A stormwater culvert runs underneath the field 

and directs runoff from the Downtown Catchment into Ellerbe Creek.   
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Figure 4: Former Duke Diet and Fitness Center (DDFC) – property. Stormwater from the Downtown 

Catchment reaches the site through an underground culvert; runoff from the Trinity Catchment arrives at 

the site from the headwaters of South Ellerbe Creek.  

Despite being a small area, the property provides a unique opportunity to treat stormwater 

runoff from almost 500 acres of densely developed urban land. There is a large volume of 

stormwater that drains through the property and flows into Ellerbe Creek, and then on to Falls 

Lake. Therefore, improvements made to runoff at the DDFC site using Best Management 

Practices (BMPs) have the potential to enhance water quality in Ellerbe Creek and help meet 

nutrient reduction requirements in the new Falls Lake Nutrient Management Strategy.  
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Research Objectives:  

1. To create a record of nutrient concentrations during storm events by conducting water 

quality sampling from two urban catchments at the Duke Diet & Fitness Center site.  

2. To model nutrient loads and peak flow rates for the catchments under four management 

scenarios.  

3. To use the monitoring and modeling data as a basis for designing a management plan to 

improve water quality for the DDFC site and in the surrounding drainage area. 

 

Methodology  

Water Quality Monitoring  

To assess the water quality of stormwater runoff from the two catchments, we collected water 

samples at two sites along South Ellerbe Creek. The first collection site captured runoff from the 

Downtown Catchment, and the second site captured runoff from the Trinity Catchment (Figure 

4).  We collected samples during nine storm events over the course of four months (July – 

October 2010).  For each storm event, we collected a baseline sample before the storm started 

and then continued to sample as the water level rose, at peak flow, and as the water level fell. 

We typically collected about 6 samples for each storm event. We recorded the time at sampling 

and later compared our samples to rainfall data that we obtained from the City Hall Weather 

Station (located in the Downtown Catchment). 

Water Quality Analysis 

Water samples collected at ambient flow and during storm events were analyzed for total 

nitrogen and total phosphorus concentrations.  Samples were analyzed using a persulfate digest 

(Qualls, 1989) in Dr. Emily Bernhardt’s lab (Duke University, Department of Biology).  The 

digest converted all nitrogen compartments to nitrate, and all phosphorus compartments to 

phosphate.  Once digested, samples were analyzed by automated colorimetry on a Lachat 

QuikChem in order to quantify phosphate and nitrate concentrations.  Statistical analysis 

performed on the concentrations of nitrate and phosphorus included both Paired t-tests and 

Welch Two Sample t-tests.  Statistics were used to compare baseline against peak concentrations 

within the same catchment and baseline concentrations across catchments. 
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Results 

Water Quality Monitoring 

Lab analysis of nitrogen and phosphorus levels of water samples from Ellerbe Creek were 

elevated on average during storm events as compared to baseline water samples.  Comparisons 

of stormwater samples with baseline samples in the same catchment indicate a rise in nutrient 

concentrations during storm events. Paired t-tests performed on the concentrations of nitrate 

and phosphorus indicated a statistically significant difference between both baseline and peak 

nutrient concentrations (p < 0.0001 for both nitrogen and phosphorus).   During most storm 

events, there was a timeline where rainfall rate increased, then nutrients from the Downtown 

Catchment peaked, then nutrients from the Trinity Catchment peaked.  Figures 5 and 6, provide 

an example of elevated nutrient concentrations during one such storm event. For lab results of 

nutrient concentrations from the other eight storm events, see Appendix A. 

 

 
Figure 5: Total Phosphorus Concentration of 25 Oct 2010 Stormwater Flows - both Trinity and Downtown 

catchment basins.  TP concentrations increase, peak and decrease at a rate similar to the amount of 

precipitation, but slightly delayed from precipitation rates. These graphs use the Cubic Bézier Curve from 

Excel. 
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Figure 6: Total Nitrogen Concentration of 25 Oct 2010 Stormwater Flows - both Trinity and Downtown 

catchment basins.  TN concentrations increase, peak and decrease at a rate similar to the amount of 

precipitation, but slightly delayed from precipitation rates. These graphs use the Cubic Bézier Curve from 

Excel. 

 

Comparisons of baseline nutrient concentrations between the two catchments (Figures 7 and 8) 

indicate the Downtown Catchment in general contributes greater amounts of phosphorus than 

the Trinity Catchment (Welch Two Sample t-test results: p < 0.01).  Baseline nitrogen 

concentrations between the two catchments were not statistically significant (Welch Two 

Sample t-test results: p = 0.08).  
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Figure 7:  Baseline Phosphorus Concentrations for Trinity and Downtown Catchments – total phosphorus 

concentrations (mg/L) for 12 storm events in summer/autumn 2010.  
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Figure 8:  Baseline Nitrogen Concentrations for Trinity and Downtown Catchments – total nitrogen 

concentrations (mg/L) for 12 storm events in summer/autumn 2010. 

 

Discussion 

Water Quality Monitoring  

Water quality monitoring was conducted both before and during nine storm events across two 

adjacent catchments in Durham, NC.  These water samples were analyzed for TN and TP 

concentrations and compared between storm and non-storm samples, and between the two 

catchment basins.  Nutrient concentrations generally increased during storm events from both 

the Downtown Catchment and the Trinity Catchment.  Stormwater runoff from both 

catchments is therefore contributing to the poor water quality found within the Ellerbe Creek 

watershed.   

The Downtown Catchment, however, is contributing a greater amount of nutrients than the 

Trinity Catchment, as indicated by statistical analysis (see Water Quality Monitoring Results).  

This discrepancy is likely attributable to the variation in land cover between the two 

catchments.  The Downtown Catchment contains a larger area and a higher percentage of 
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impervious cover.  There are also a greater proportion of industrial and commercial areas in the 

Downtown Catchment.  The Trinity Catchment is covered by more residential area and Duke’s 

East Campus, which contain less impervious surfaces.  

The data collected show only a series of snapshots of the conditions existing in Ellerbe Creek. 

Based on these snapshots, however, we predict that nutrient loading rates are elevated in 

Ellerbe Creek compared to recommended nutrient concentrations given by the Falls Lake 

Nutrient Management Strategy.  The land cover type is contributing to the poor water quality of 

the Falls Lake Reservoir.  As discussed, impervious surfaces increase stormwater runoff 

volumes and add sediment and nutrient loads to local streams.  Given the differences of 

phosphorus concentrations between the two catchment basins, there appears to be some 

correlation between the amount of industrial/commercial land cover and phosphorus 

concentrations in stormwater runoff. 

 

Methodology 

Water Quality Modeling 

We used two land-use based Excel models to explore the hydrology and nutrient loads of both 

the Downtown and Trinity catchments. Each model requires area inputs for different land use 

categories. Runoff volume and pollutant loading rates are generated by using the following 

Simple Method equations: 

  Rv = 0.05 + (0.009* I) 

  V = Rv * A* (P/12) 

  L = (P*Pj*Rv) / (12* C * A *2.72) 

Where: 

 Rv = runoff coefficient 

I = percent impervious cover 

V = volume of runoff 

A = area of catchment 

P = average annual rainfall depth 

L = average annual pollutant load 

Pj = fraction of rainfall events that produce runoff 

C = event mean concentration of the pollutant 
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The Jordan/Falls Lake Stormwater Accounting tool (referred to as “Jordan Lake”) is a new tool 

developed by engineers at NC State. It is currently endorsed by NC DENR as a model for local 

governments and developers to use in order to determine nutrient loads for pre and post 

development (NC DWQ, 2011). The Jordan Lake tool uses the Median Effluent Concentration 

Method to determine Best Management Practice (BMP) efficiency (Jordan/Falls Lake 

Stormwater Load Accounting Tool User’s Manual, 2011). A Best Management Practice is a 

structural or non-structural treatment designed to reduce volume and/or filter nutrients from 

stormwater runoff (US EPA, 2000). In the Jordan Lake tool, BMP reductions are based on 

average annual precipitation and volume reductions seen in the following equations: 

 Massout = (ECoutflow * Volumeoutflow * 6.2297E-5) + (ECoverflow * Volumeoverflow * 6.2297 E-5) 

BMP%rem = ((ECinflow *Volumeinflow* 6.2297E-5) – Massout) / (ECinflow * Volumeinflow* 6.2297E-5)* 100 

 Where: 

 Massout = average annual mass of pollutant leaving the BMP 

 ECoutflow = event median concentration for treated outflow portion of outflow  

 Volumeoutflow = volume of water leaving the BMP as treated outflow  

 ECoverflow = event median concentration for untreated overflow portion of outflow  

 Volumeoverflow = volume of water leaving BMP as untreated overflow  

ECinflow = event median concentration for inflow  

 Volumeinflow = volume of water entering the BMP 

 

 

The Upper Neuse Site Evaluation Tool (referred to as “SET”) was created to determine BMP 

efficiency for peak flow and hydrology as well as for nutrient loads. The SET model uses the 

SCS Runoff Curve Number Method (USDA 1986) to calculate peak flow and hydrographs. BMP 

removal efficiencies are based on fraction of runoff treated and the percent reduction for a 

certain type of BMP (Upper Neuse Site Evaluation Tool Model Documentation, 2005). Table I 

(Source: Upper Neuse Site Evaluation Tool Model Documentation, 2005) describes the percent 

reductions for individual BMPs in more detail.   
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Table I: Percent Removal for BMPs by Type 

 

 

We used these models to determine nutrient loads and peak flow rate for four management 

scenarios in the Downtown and Trinity (Figure 9) catchments. More details about model inputs 

and assumptions can be found in Appendix B. Table II describes the BMPs for each 

management scenario in more detail. Based on observation and the results from monitoring, a 

wet pond BMP was placed at the DDFC site in the first scenario to control the quantity of water 

running off from the catchments. The primary purpose of a wet pond is to hold a large quantity 

of runoff, allow nutrients to evaporate or settle, and release water back to streams slowly (US 

EPA, 2000). Green roofs were added to the second scenario to further reduce the quantity of 

water passing through the site by allowing some water to be released to the atmosphere via 

evapotranspiration (Berndtsson 2010). Finally, the green roofs remain in the third scenario and a 

wetland is added to the DDFC site with the purpose of filtering nutrients (US EPA, 2000). 
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 Figure 9. Four Management Scenarios in the Trinity Catchment, describing impervious land use, existing 

BMPs and treatment BMPs. The Downtown Catchment was modeled using the same methodology. 

 

 

Table II: Four Management Scenarios for Downtown and Trinity Catchments 

Scenario BMP1 BMP2 BMP3 Specifics 

“Existing 

Land Use” 

Existing BMPs in 

the catchments 

N/A N/A  

 “Wet Pond” Existing BMPs in 

the catchments 

Wet Pond 

at DDFC 

Site 

N/A 3.5-acre Wet Pond, 12 feet deep 

(temporary storage)  

 “Wet Pond, 

Green Roofs” 

Existing BMPs in 

the catchments 

Wet Pond 

at DDFC 

Site 

Green Roofs 

in the 

catchments 

3.5-acre Wet Pond, 12 feet deep 

Green Roofs on commercial & 

industrial property ≥ 1000 ft2 

 “Wetland, 

Green Roofs” 

Existing BMPs in 

the catchments 

Wetland 

at DDFC 

Site 

Green Roofs 

in the 

cacatchments 

3.5-acre Wetland, 3 feet deep 

Green Roofs on commercial & 

industrial property ≥ 1000 ft2 
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The modeling analysis focused on six major research questions: 

 

1. Do the two models give similar results for existing land use? 

We compared both tools for each catchment to see the influence of different methodologies for 

calculating peak flow and nutrient loads.  

2. Is one catchment contributing more stormwater pollution than the other? 

Peak flow and nutrient loads were evaluated across catchments for each model.  Based on 

results from monitoring, we expected the Downtown Catchment to contribute more pollution 

than the Trinity Catchment.  

3. How do nutrient loads change as more BMPs are added to the watershed? 

The Jordan Lake tool was used to calculate nutrient loads for each management scenario. This 

tool uses the most current methodology for calculating nutrient loads with BMP removal 

efficiencies. We hypothesized that a wetland with green roofs would have the greatest nutrient 

reductions from existing land use conditions. 

4. How do peak flow rates change as we add more BMPs to the watershed? 

The SET model was used to determine peak flow rates and hydrographs for the four 

management scenarios. The Wet Pond, Green Roofs scenario was expected to have the greatest 

reduction in peak flow.  

5. Can our wet pond BMP capture 1 inch of runoff from both catchments? 

We used the combined runoff from 1 inch of rainfall calculated from the SET model to 

determine if the wet pond could capture the first inch of runoff. A properly sized BMP should 

capture the first inch because that water contains the vast majority of pollutants.  

6. How do the median effluent concentrations compare to our monitoring concentrations? 

The median effluent concentrations from annual storm events in the Jordan Lake tool were 

compared to our monitoring median effluent concentrations from 9 storm events. We wanted to 

determine if the model was a good estimate for our study site.   
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Results 

Water Quality Modeling 

The first objective was to determine if the two models gave similar results for the same 

catchment under existing conditions. Each model had slightly different inputs for land use, soil 

type, and precipitation categories and used a different method to calculate BMP efficiency. The 

results are organized for existing land use across model types for both catchments in Table III.  

Table III: Existing Land Use in Downtown and Trinity Catchments for SET and Jordan Tools 

Output Downtown 

Catchment 

(SET) 

Downtown 

Catchment 

(Jordan) 

Trinity 

Catchment 

(SET) 

Trinity 

Catchment 

(Jordan) 

Average 

Percent 

Difference 

Size (acres) 254 254.4 219.8 219.8 0.0% 

% Impervious 66.6% 66.9% 54.4% 54.4% 0.0% 

Annual Runoff (Inches/Yr) 26.14 30.25 21.63 25.00 7.3% 

Peak Flow 1yr-24 hr (cf/s) 335.06 361.75 226.10 169.31 9.1% 

Total Nitrogen (lb/ac/yr) 13.17 9.7 12.06 8.38 16.6% 

Total Phosphorus (lb/ac/yr) 2.00 2.38 1.82 1.92 5.7% 

 

On average every output for the two models except for Total Nitrogen was within 10% of the 

other. Total Nitrogen was about 17% greater on average in the SET model than in the Jordan 

Lake tool. Total Phosphorus was about 6% higher on average in the Jordan Lake tool.  Annual 

runoff was about 7% higher in the Jordan Lake tool than in the SET tool and peak flow varied 

by about 9% across the two models.  

Table IV compares the results within a modeling tool across catchments to determine if one 

catchment was contributing more stormwater pollution than the other.  

Table IV: Existing Land Use in Downtown and Trinity Catchments for SET and Jordan Tools 

Output Downtown 

Catchment 

(SET) 

Trinity 

Catchment 

(SET) 

Downtown 

Catchment 

(Jordan) 

Trinity 

Catchment 

(Jordan) 

Average 

Percent 

Difference 

Size (acres) 254 219.8 254.3 219.8 7.2% 

% Impervious 66.6% 54.4% 66.9% 54.4% 10.2% 

Annual Runoff (Inches/Yr) 26.14 21.63 30.25 25.00 9.5% 

Peak Flow 1yr-24 hr (cf/s) 335.06 226.10 361.75 169.31 27.8% 

Total Nitrogen (lb/ac/yr) 13.17 12.06 9.7 8.38 5.6% 

Total Phosphorus (lb/ac/yr) 2.00 1.82 2.38 1.92 7.7% 
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The Downtown Catchment is contributing more stormwater pollution than the Trinity 

Catchment. The Downtown Catchment is about 7% larger and about 10% more impervious than 

the Trinity Catchment. Annual runoff is about 10% greater and peak flow is about 28% higher 

on average across the two models. Total Nitrogen and Total Phosphorus loads are about 6% and 

8% higher in the Downtown Catchment after accounting for the difference in size of the two 

catchments.  

The next objective was to see how nutrient loads changed as more BMPs were added to the 

catchments. Each catchment was modeled independently of the other. The Jordan Lake tool was 

used to determine the annual nitrogen load (Figure 10) and annual phosphorus load (Figure 11) 

for the four management scenarios (Table I). As a reference, percent reductions from existing 

land use were included for each catchment.  More information from the Jordan Lake tool 

outputs can be found in Appendix C.  

Figure 10: Total Nitrogen Loads for 4 Management Scenarios in Downtown and Trinity Catchments. 

Percentages are load reductions from existing land use for each catchment.  
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Figure 11: Total Phosphorus Loads for 4 Management Scenarios in Downtown and Trinity Catchments. 

Percentages are load reductions from existing land use for each catchment. 

 

The results provide evidence that nitrogen and phosphorus loads decline for each catchment 

with addition of the Wet Pond at the DDFC site. TN and TP loads also decline slightly with the 

addition of Green Roofs in the watershed and slightly further with Green Roofs and the 

Wetland. 

To determine how the peak flow rates would change with the addition of BMPs to the 

watershed, the SET model was used to calculate peak flow rates for the 1, 2, and 10 year 24-hour 

storm events. Each catchment was modeled independently of the other. The results for the 

Downtown Catchment are presented under existing BMP conditions (Figure 12), with the 

addition of the large Wet Pond (Figure 13), with the Wet Pond and Green Roofs (Figure 14) and 

with the Wetland and Green Roofs (Figure 15). Table V provides details about the Existing 

BMPs in the Downtown Catchment. Similar results for the Trinity Catchment are presented in 

Appendix D.  
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Figure 12: Peak Flow Rates for Existing Land Use and Existing BMPs in the Downtown Catchment.  

 

Table V: Existing BMPs in the Downtown Catchment 

 Sub-Catchment 1: 0.46 Acres 

West Village Cobb Warehouse 

Sub-Catchment 2: 0.635 Acres 

Durham Center for Senior Life 

 BMP1 BMP2 BMP3 BMP1   

Type Bioretention Sand 

Filter 

Sand 

Filter 

Sand Filter   

BMP Area (Acres) 0.02 0.02 0.01 0.005   

Drainage Area (Acres) 0.41 0.41 0.41 0.63   

 

The difference in peak flow rates for existing land use and existing BMPs is relatively small 

(Figure 12). However, Figures 13, 14 and 15 do not include these existing BMPs in the 

hydrograph for Existing Land Use. The existing BMPs are part of the Post, BMPs hydrograph.   



24 
 

 
Figure 13: Peak Flow Rates for Existing Land Use and Wet Pond BMP for the Downtown Catchment.  

 
Figure 14: Peak Flow Rates for Existing Land Use and Wet Pond, Green Roofs BMPs for the Downtown 

Catchment.  
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Figure 15: Peak Flow Rates for Existing Land Use and Wetland, Green Roofs BMPs for the Downtown 

Catchment.  

Additionally, the modeling results were used to see if the Wet Pond BMP would be large 

enough to hold runoff from both the Trinity and the Downtown catchment during 1 inch of 

rainfall. The SET model estimated that during a 1 inch storm, the Downtown and the Trinity 

Catchments would combine to produce 20.25 acre-ft of rain. If the Wet Pond is 3.5 acres in size 

and has a temporary storage volume of 12 feet deep then it could accommodate 42 acre-ft of 

water during a storm event, more than twice the amount produced by the two catchments after 

1 inch of rainfall. This result also validates the nutrient load data from the Jordan Lake tool 

which assumes that the BMP is properly sized to capture the first inch of runoff.  

Finally, the Jordan Lake model was used to compare median effluent concentrations from the 

model to our monitoring results. Table VI compares the mean effluent concentrations for each 

catchment and includes the percent difference. 

Table VI: Median Effluent Concentrations for Modeling and Monitoring Results 

Downtown Catchment Trinity Catchment 

Model Monitoring % Difference Model Monitoring % Difference 

1.42 mg/L N 2.4 mg/L N 25.7% 1.48 mg/L N 1.99 mg/L N 14.7% 

0.35 mg/L P 0.49 mg/L P 16.7% 0.34 mg/L P 0.27 mg/L P -11.5% 
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In the Downtown Catchment, the monitoring median effluent concentrations for nitrogen and 

phosphorus were about 26% and 17% higher than the model prediction. Additionally, median 

nitrogen concentrations from monitoring in the Trinity Catchment were 15% higher than the 

model prediction but phosphorus concentrations were 12% lower than the predicted values. 

 

Discussion 

Water Quality Modeling 

Two stormwater accounting tools were used to determine impervious cover, nutrient loading 

and peak flow rates for two urban catchments in Downtown Durham. Overall, both models 

returned relatively similar results for these measures (Table III). Differences in the model 

outputs could be accounted for by variability in model inputs. The Jordan Lake tool had more 

detailed land use categories and used slightly different loading concentrations for these 

categories compared to the SET model. These differences were highlighted as the Jordan Lake 

tool reported higher P loads but lower N loads compared to the SET model within each 

catchment. Both models included inputs for soil type, precipitation and time of concentration 

which varied slightly in detail. The Jordan Lake model also included an input for physiographic 

regions which accounted for Durham’s poorly drained Triassic Basin soils.  This soil type affects 

infiltration rates which affect overall runoff volume (Debusk et al. 2010).  The Jordan Lake tool 

calculated an annual runoff volume that was about 7% higher than the SET model, which is 

most likely due to this difference in computation.  

The results provided strong evidence that the Downtown Catchment was contributing more 

stormwater pollution than the Trinity Catchment (Table VI). The Downtown Catchment is 

slightly larger and more impervious; it has more commercial and industrial land use and only a 

small amount of residential area. As a result, it has greater nutrient loads and a higher peak 

flow rate than the Trinity Catchment. These results are consistent with our monitoring data. The 

Downtown Catchment had a shorter time of concentration and generally had higher 

stormwater concentrations than the Trinity Catchment.  

Nitrogen and phosphorus loads declined as more BMPs were added to the catchments. 

Nutrient loads declined more sharply for P (Figure 11) than for N (Figure 10) with the addition 

of a large wet pond. This is probably because phosphorus is bound to sediment and a lot of 

stormwater sediment would settle out in the wet pond (US EPA 2000). Nutrient loads declined 

slightly further with the addition of green roofs to the watershed. Green roofs reduce some of 

the volume of runoff flowing into the DDFC site due to evapotranspiration but currently have 

no additional percent removal credit (Table I). Finally, nutrient reductions are greatest with the 
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Wetland, Green Roofs scenario, although these reductions are only slightly greater than the 

other two management scenarios. This scenario also assumes that the green roofs are reducing 

the volume of runoff to the point where the wetland can efficiently filter nutrients. Overall, the 

Wet Pond scenario provides the sharpest drop in nutrient loads with other scenarios providing 

smaller additional reductions.   

The hydrograph outputs from the SET model indicate that peak flow rates decline as BMPs are 

added to the watershed. Existing BMPs have only a small impact on peak flow rates in the 

Downtown Catchment (Figure 12). The addition of the wet pond reduces peak flow especially 

for the 1-year storm (Figure 13).  Peak flow rates are further reduced with a stormwater wetland 

and the addition of green roofs (Figure 15). The scenario with the wet pond and green roofs 

basically flattens the hydrograph for the 1 and 2 year storm and greatly reduces the peak for the 

10 years storm (Figure 14). As predicted, the Wet Pond, Green Roofs scenario has the greatest 

reduction in peak flow because it incorporates two large scale volume reduction BMPs.  

Although each catchment was modeled independently, the runoff volume estimates from the 

SET model indicate that a wet pond of the size we have selected (3.5 acres and 12 feet temporary 

storage) could easily hold runoff from 1 inch of rainfall for both catchments. The 3.5-acre 

stormwater wetland would not be large enough to store the 20.25 acre-feet of rain generated by 

both catchments during a 1 inch storm under existing conditions. Overall, we found that the 

Jordan Lake tool has a 7% higher annual estimate of runoff, if we extrapolate this to the 1 inch 

storm the total runoff would be 21.7 acre-feet of water which is still well within the storage 

capacity of the Wet Pond.  

Finally, median effluent concentrations from monitoring data were compared to the Jordan 

Lake model outputs. The monitoring concentrations were slightly higher than the model 

predictions in every case except for Total Phosphorus in the Trinity Catchment (Table VI). The 

monitoring data was collected during 9 storm events during the summer and fall, when 

nutrient concentrations are typically higher. If data had been collected year round, the model 

would probably be a very good estimate of the monitoring median effluent concentrations. This 

comparison validates the modeling analysis, indicating that the nutrient loads are most likely a 

good estimate for this site.  
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Management Recommendations 

The Duke Diet and Fitness Center site drains nearly 500 acres of developed urban land. It 

provides a unique opportunity to treat a large quantity of polluted stormwater through a 

regional best management practice. Based on the results of the monitoring and modeling 

analysis we recommend the construction of a Wet Pond BMP at the Duke Diet and Fitness 

Center (Figure 16).  

  
Figure 16. Sample wet pond design for the Duke Diet & Fitness Center. 
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The wet pond will reduce nutrient loads by 1,310 lbs/yr of nitrogen and 647 lbs/yr of 

phosphorus. Greater reductions were found for the Wetland, Green Roofs scenario but this 

management action assumes that green roofs would be in place to capture some of the runoff 

volume so that a wetland at the DDFC site could function properly. This scenario is difficult to 

implement because installing green roofs over such a large portion of downtown would 

probably take 30 years as businesses eventually needed to replace their roofs. The Wet Pond 

scenario has the greatest reductions compared to the ease of implementation.  

A conservative estimate of runoff from 1 inch of rainfall is 22 acre-feet.  There is certainly 

enough space at the Duke Diet & Fitness Center site to accommodate a Wet Pond that will treat 

this volume of water if the building is removed from the site. The sample Wet Pond in Figure 16 

is 4.1 acres in size. A wet pond of this size would only require 5.5 feet of temporary storage to 

capture the first inch of rainfall. If the building were to remain, about only 2 acres of space 

would be available for the construction of the wet pond and it would require 11 feet of 

temporary storage to capture the first inch of rainfall. However, this is a rough analysis based 

on aerial photos and topography; an onsite survey should be conducted to determine if an 

appropriately sized wet pond could be constructed without removing the building. One 

advantage to having a greater surface area for a wet pond is increased evaporation which leads 

to further nutrient reductions. Nutrient load reductions are based on an adequately sized BMP 

that is able to capture the first inch of runoff. The Jordan Lake tool has an option to calculate 

oversized BMPs which may have greater nutrient load reductions.  

The Wet Pond management scenario is also the best suited for the hydrology of the site. The 

SET model results demonstrate that the pond would reduce peak flow and broaden the 

hydrograph, which mimics natural storm surges. Healthy stream ecosystems require surges 

from storm events, and it is better to delay this high flow over a longer period of time than to 

eliminate it completely.  

Additional nutrient reductions could be achieved in several ways. Floating mats of wetland 

plants have the potential to filter nutrients from the surface of the pond. These floating mats are 

a fairly new technology and more research must be conducted to determine their efficiency. If 

these mats do provide additional reductions they would be fairly easy to implement at the 

DDFC wet pond. The headwaters of South Ellerbe Creek are just downstream from the site. 

After implementing the wet pond to control the large quantity of runoff, this would be a good 

location to restore stream banks and reduce sediment load. Finally, the drainage catchments 

contain a large portion of Downtown Durham. Any redevelopment in this area requires new 

BMPs to treat runoff; these BMPs would be even more effective with the large wet pond BMP 

downstream at the Duke Diet and Fitness Center.  
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Aside from water quality benefits, this site also has the potential for a number of community 

benefits. It is a great location for an environmental education center. It could be used to educate 

the public about stormwater, improving water quality, and taking advantage of ecosystem 

services from healthy streams and lakes. The site would also be optimal for a small park, as it 

provides enough space and parking for a recreation area with picnic tables and grills. Finally, 

the American Tobacco Trail runs through the site and connects the Museum of Life and Science 

to Downtown Durham. If the trail were incorporated into the design of the site as a boardwalk, 

people would be able to interact with the wet pond and enjoy the surrounding plants and 

animals. Additionally, it would provide access to a potential eco-tourism site at the Duke Diet 

and Fitness Center.  

In conclusion, the construction of a wet pond BMP at the Duke Diet and Fitness Center will 

improve water quality in South Ellerbe Creek and reduce the load of nutrients flowing into Falls 

Lake Reservoir. It is a unique opportunity for Durham to significantly reduce nutrient loads 

with one regional best management practice. The site also has the potential to be an amenity to 

the public and provide new recreation space. Overall, it is an innovative treatment that will set 

Durham apart from others in the region and is a positive step toward achieving the large 

nutrient load reductions required by law in the Falls Lake Nutrient Management Strategy.   
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