
Quantifying Load Reductions
of Selected Pollutant Parameters
Through the Use of Stormwater

Best Management Practices
in the Delaware Portion
of the Christina Basin

Quantifying Load Reductions
of Selected Pollutant Parameters
Through the Use of Stormwater

Best Management Practices
in the Delaware Portion
of the Christina Basin

Institute for Public Administration
College of Education & Public Policy

University of Delaware

www.ipa.udel.edu

prepared by

Andrew R. Homsey
Martha Corrozi Narvaez

Erika D. Farris
funded by the Department of Natural Resources and Environmental Control Maureen H.S. Nelson

a report submitted to the
Watershed Assessment Branch, Division of Water Resources

Delaware Department of Natural Resources and Environmental Control

a report submitted to the
Watershed Assessment Branch, Division of Water Resources

Delaware Department of Natural Resources and Environmental Control

August 2009

               



 
 
 

 

Quantifying Load Reductions of Selected Pollutant Parameters  

Through the Use of Stormwater Best Management Practices  

in the Delaware Portion of the Christina Basin 
 
 

August 2009 
 
 

A report submitted to   
Watershed Assessment Branch 
Division of Water Resources 

Department of Natural Resources and Environmental Control 
 
 
 
 
 
 
 
 
 
 

prepared by 
Andrew R. Homsey, Associate Policy Scientist 

Martha Corrozi Narvaez, Assistant Policy Scientist 
Erika D. Farris, Graduate Research Assistant 

Maureen H.S. Nelson, Graduate Research Assistant 
 
 

Water Resources Agency 
Institute for Public Administration 

College of Human Services, Education & Public Policy 
University of Delaware 

 
www.ipa.udel.edu/wra 

 



Quantifying Load Reductions in the Christina Basin  August 2009 
 

 i 

Preface 
 
The University of Delaware’s Institute for Public Administration (IPA) addresses the 
policy, planning, and management needs of its partners through the integration of applied 
research, professional development, and the education of tomorrow’s leaders. The Water 
Resources Agency, a unit of the Institute for Public Administration, provides water 
resources planning and policy assistance to governments in Delaware, the Delaware 
Valley, and along the Eastern Seaboard through the University’s land grant public 
service, education, and research roles. 
 
At the request of the Delaware Department of Natural Resources and Environmental 
Control (DNREC), IPA’s Water Resources Agency developed a process to quantify load 
reductions achieved through stormwater-control structures (best management practices, 
or BMPs) for selected pollutant parameters in the Delaware portion of the Christina 
Basin.  The Water Resources Agency has compiled this report to summarize the scope of 
the project and outline the methodology, analysis, and implications. This process and 
report will serve the Christina Basin Tributary Action Team, the Christina Basin Clean 
Water Partnership, watershed managers throughout the state, as well as federal, state, and 
local decision-makers. 
 
This project and report, Quantifying Load Reductions of Selected Pollutant Parameters 
Through the Use of Stormwater Best Management Practices in the Delaware Portion of 
the Christina Basin was funded by DNREC.    
 
Jerome R. Lewis, Director 
Institute for Public Administration
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I. Introduction 
 
At the request of the Delaware Department of Natural Resources and Environmental 
Control (DNREC), the Water Resources Agency (WRA), a unit of the University of 
Delaware’s Institute for Public Administration, developed a process to quantify load 
reductions achieved through stormwater-control structures (best management practices, 
or BMPs) for selected pollutant parameters in the Delaware portion of the Christina 
Basin.  This report summarizes the scope of the project and outlines the methodology, 
analysis, and implications.  This project was funded by DNREC. 
 
In April 2005, the U.S. Environmental Protection Agency (USEPA) established the 
Christina Basin high-flow TMDLs for nutrients and bacteria to improve the water quality 
of the rivers and tributaries that comprise the Delaware portion of the Christina Basin.  
WRA and DNREC formed and facilitated a Tributary Action Team for the Delaware 
portion of the basin.  The team developed a Pollution Control Strategy (PCS) that 
contains recommendations for reducing nonpoint-source nitrogen, phosphorus, and 
bacteria loads to the waters of the Delaware portion of the Christina Basin.  One of the 
recommendations outlined in the PCS is to retrofit existing stormwater BMPs in order to 
effectively reduce sediment, bacteria, and nutrient loading.  In considering the 
implementation of this recommendation, DNREC and WRA found that in order to 
address and prioritize the stormwater BMP retrofits, it is critical to determine the 
pollutant reduction achieved from the existing stormwater BMPs.  It was then determined 
that WRA would conduct an analysis so that data are available to develop a systematic 
approach to stormwater BMP retrofits in the Delaware portion of the Christina Basin.   
 
This study has been undertaken to provide a method to rapidly assess the effect of 
stormwater controls on water quality over a large spatial extent.  It does not take the place 
of individualized assessments on a site-by-site basis, which will provide more accurate 
and detailed information for any particular BMP.  However, such analysis is quite costly, 
time-consuming, and, therefore, impractical for implementation at the watershed or sub-
watershed scale.  The advantage of employing a methodology such as that presented here 
is that it can be implemented quickly, has minimal field-work requirements, can be 
repeated at regular, frequent time intervals using equivalent data sources, and can be 
applied at the watershed scale.  Note that the stormwater being treated is from surface 
flow; also occurring are impacts from groundwater and infiltration.  This is solely a study 
on surface-water treatment. 
 
In order to identify the priority retrofit sites, WRA has developed a process to quantify 
load reductions of stormwater BMPs for selected pollutant parameters.  The load 
reductions achieved from designated stormwater BMPs in the watershed were determined 
by first digitizing the catchment areas, based on surface runoff and piped-flow directions. 
Next, the land use and impervious cover coefficients within each BMP’s catchment area 
were measured.  Then stormwater BMPs were assigned reduction values for each 
pollutant parameter, and the pollutant reductions were calculated.  Analysis was also 
undertaken to determine the extent to which stormwater ponds associated with residential 
and commercial subdivisions addressed the stormwater generated by that subdivision.  
While this study focused on the Delaware portion of the Christina Basin, the 
methodology was developed and refined using the Appoquinimink River watershed. 
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II. Methodology 
 
Data discovery and assessment 
 
The results of the analysis of drainage areas and pollution loads associated with 
stormwater-control structures are heavily influenced by the nature and accuracy of the 
input data used.  For example, initial investigations on load reductions undertaken using 
digital elevation model (DEM) data with a ground resolution of ten meters were not 
fruitful, since the catchment areas for most BMPs considered were small relative to the 
resolution of the elevation data.  Similarly, accurate information about the type and 
location of BMPs and other stormwater control structures—such as catchbasins, pipes, 
culverts, and outfalls—are critical to any such investigation.  Identification, compilation, 
assessment, and pre-processing of data to be used in the assessment of pollution-load 
reductions and analysis of subdivision drainage is, therefore, a critical element of this 
study.  Data that have recently become available, described below, enabled the current 
study and were collected and processed for the Appoquinimink River watershed as well 
as the four watersheds of the Christina Basin—the Brandywine, Red Clay, and White 
Clay Creeks, and Christina River.  
 
BMP data 
Data for stormwater BMPs were acquired from the New Castle County Department of 
Special Services.  Through initial assessment of data provided by the Center for 
Watershed Protection (including BMP locations and outfalls), it was determined that 
these data were not adequate due to apparent inaccuracies in their locations.  The BMP 
data from New Castle County did not include areas within municipalities; therefore, an 
attempt was made to acquire similar BMP data for all towns within the basin.  Data were 
obtained for Newark and for the University of Delaware campus but were unable to be 
obtained for all other municipalities within the basin, including Newport, Elsmere, and 
Wilmington.  Further work should include acquisition of these data, as they represent 
gaps in the analysis coverage. 
 
After initial review, it was decided, in conjunction with DNREC personnel, that the study 
would include only wet and dry stormwater ponds and would exclude structures such as 
pocket wetlands, biofiltration devices, rain gardens, etc.  This decision was made for 
practical reasons, since reductions from these practices are often highly variable, and the 
BMPs themselves are often difficult to locate using aerial photography.  Also, wet and 
dry ponds comprise the majority of BMP structures in the database—between 60 and 70 
percent of all BMPs across the watershed.  It is important to note that although these 
practices are not included in this analysis, nonstructural and low impact stormwater 
management practices are very important and have a positive impact on pollutant 
removal throughout the watershed.   
 
Other stormwater infrastructure 
Often, stormwater BMPs are an element in a wider infrastructure of controls.  These 
include catch basins, pipes, culverts, ditches, outfalls, etc.  Accurate stormwater 
infrastructure is, therefore, critical in determining how water flows through the system.  
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Such infrastructure data were acquired through the Delaware Department of 
Transportation (DelDOT) and their contractor, KCI, Inc.  Data features included point 
and linear stormwater structures for the five watersheds (Brandywine, Red Clay, and 
White Clay Creeks, and Christina and Appoquinimink Rivers), as well as flow direction 
information for each linear conveyance. 
 
LIDAR and derived data products 
To determine overland flow and delineate the catchments associated with BMPs, it is 
crucial to have accurate elevation data.  From 2005-2007 the state of Delaware 
commissioned the acquisition of high-quality, statewide LIDAR (Light Detection and 
Ranging).  Using bare-ground point data, a DEM at two-meter resolution was generated.  
From this dataset, data necessary for determination of catchments were created, including 
a depression-filled DEM, a flow-direction raster, and a flow-accumulation raster.  These 
data allowed for the automated delineation of catchments and facilitated visual 
interpretation of overland drainage associated with each BMP. 
 
Land use and impervious cover data 
Since each land use type (e.g., residential, commercial, industrial, agricultural) generates, 
on average, a characteristic amount of various pollutants per unit area, accurate land use 
data are crucial in determining the amount of a pollutant that ends up in a stormwater 
pond.  Also, the amount of impervious cover, or hard surfaces, within a catchment largely 
determines the amount of water that will run off and, thus, transport pollutants.  Both 
types of data were obtained from the state of Delaware, which had commissioned 
creation of these data sets for the year 2007.  
 
To conform to loading model specifications, the land use data categories were mapped to 
those employed in the Simple Loading Model developed by the Center for Watershed 
Protection (Schueler, 1987). 
 
Subdivisions 
DNREC wished to determine the extent to which stormwater ponds were effectively 
treating the runoff produced by their associated subdivisions.  To enable this analysis, the 
latest subdivision boundaries were obtained from the New Castle County Department of 
Land Use.  A subset of subdivisions within each watershed and associated BMPs was 
also created for this analysis.  Where a subdivision was divided into several parcels, such 
as in a multi-phase project, these features were merged into a single subdivision. 
 
Ancillary spatial data 
Other data were collected to assist in the visual analysis and interpretation of the BMP 
catchment areas.  These included aerial photography obtained from the state of Delaware 
in 2007, which corresponds to both the land use and impervious-cover data described 
above, watershed boundaries from the Water Resources Agency, municipal boundaries 
from the state of Delaware’s data repository, and flowlines from the USEPA/USGS 
National Hydrography Dataset (NHD). 
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Loading and reduction data 
Based on initial data discovery, the needs of DNREC, and priorities outlined in the 
Christina Basin PCS, it was determined that the pollutants to be considered in this study 
would be total suspended sediment (TSS), total nitrogen (TN), total phosphorous (TP), 
and bacteria.  For the purposes of this study, fecal coliform values were used to represent 
loading rates for bacteria.  A review of the literature on pollution-loading rates and BMP 
reduction efficiencies was performed to determine the optimal values to use for this 
study.  In consultation with DNREC, it was determined that the following values derived 
from the literature would be used for loading rates from various land use types: 
 

  
TSS1 

(mg/L) 

Bacteria1 
(fecal coliform-

MPN/100mL) 
TN1 

(mg/L) 
TP1 

(mg/L) 
Residential 49 7000 2.1 0.31 
Commercial 43 4600 2.1 0.22 
Industrial 81 2400 2.1 0.25 
Agricultural 300 11000 4.3 0.60 
Open Space 48 1700 2.3 0.31 
Forest 20 800 1.1 0.12 
Lawns 125* 2400 9.1 2.10 
Roof 9 110 2.1 0.11 
Parking Lot 27 180 1.9 0.15 
Driveway 173 1700 2.1 0.56 
Street 172 3700 1.4 0.55 
Landscaping 37 9400        --          -- 
Water-
Wetland 0 0 0 0 

Table 2.1 Event mean concentrations for various land use types, by pollutant of concern. 
1Schueler, et al. 2007 B-3 B-4. 
*Lucas 2004 

 
The following table summarizes the reduction efficiencies, by pollutant type and pond 
type that were used in this study.  These values were approved by DNREC: 
 
 

BMP 
Type TN1 TP1 TSS2 

Bacteria 
(Low) 

Bacteria 
(High) 

Dry Pond 15% 25% 49% 0%3 0%3 
Wet Pond 33% 51% 80% 50%4 95%4 

Table 2.2 – Reduction efficiencies for pollutants of interest, by BMP type.  Note that 
bacteria reductions are reported as a range, with values representing the highest and 
lowest reduction efficiencies.  Source:   
1Department of Natural Resources and Environmental Control, Division of Water 

Resources, Watershed Assessment Section Appendix M.  
2Center for Watershed Protection 6 of 10.  
3Clary, et al. 1–4.   
4Schueler, et al. 2007 166. 
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In the real world, loading rates for land uses can vary widely, and reduction rates for 
specific BMPs are highly dependent on their particular design characteristics and level of 
maintenance.  In addition, in Delaware, post-1991 all new development activities 
required a review for water quality impacts prior to their approval.  Thus, stormwater 
BMPs installed post-1991 were designed to address water quantity and water quality.  
This is important to note because some of the wet and dry ponds in the study area pre-
date 1991 and were only intended for water volume control and may not achieve the 
desired/ expected reduction efficiencies.  To allow relatively rapid modeling of loads and 
reductions across large areas with many BMPs, values were used that represented 
averages derived from a wide array of individual studies. 
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Procedures 
 
Initial development of catchment delineation procedures and load/reduction values was 
undertaken for the Appoquinimink River watershed.  This was done to both refine the 
process and compare initial results with investigations for DNREC that had already 
occurred in this watershed.  Subsequently, the four watersheds of the Christina Basin in 
Delaware were processed using the same methods.  For the mapping and data-analysis 
portion of the project, ESRI’s ArcInfo GIS software was used.  
 
Identification and delineation of stormwater ponds 
The layer of ponds for each watershed was overlaid on the 2007 orthophotography, and 
the limits of each pond were digitized, where visible.  Numeric identifiers were assigned 
to each digitized pond corresponding to the ID of the BMP and the subdivision that it 
drains.   
 
In some cases ponds were not visible on the orthophotography or did not drain any 
appreciable land area.  These ponds were not included in the analysis.  See Appendix C 
for a list of the ponds that were not included in the analysis.   
 
Definition of initial overland flow catchments 
Once the pond was digitized, an initial assessment of the overland flow to that pond was 
performed.  For simple catchments, a visual assessment was performed; for complex 
catchments, drawing tools were used to sketch the limits of this overland flow.  This 
assessment was performed by overlaying the flow-accumulation rasters on the 
orthophotography.  The accumulation raster provides a visual display of the pathways 
water takes over land.  
 
Creation and verification of secondary receiving areas 
Using the stormwater infrastructure layer of structures and conveyances, secondary 
receiving areas associated with each pond were identified.  These secondary receiving 
areas consist of catch basins or other catchment devices that introduce stormwater runoff 
into the infrastructure of pipes, culverts, or other conveyances.  Where a conveyance 
crosses a temporary catchment boundary (see description above), water is transported in 
or out of the catchment.  The most downstream catchment devices in the system of pipes 
were digitized into the layer of receiving areas (or “pour points”).  Those pour points that 
carry water into a catchment were given the IDs of the associated BMP and subdivision.  
Pour points that carry water out of a catchment were given the ID of either the associated 
BMP catchment and subdivision the water is being transported into or “-1” if the water is 
not being transported to another BMP catchment.   See the figure below for an example 
of the data layers used in these analyses. 
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Figure 2.1 Screenshot of layers used in the delineation of receiving areas for a BMP 
catchment.  Note that the overland flow lines (in white) are superimposed on the aerial 
imagery.  The stormwater infrastructure is shown as red lines and dots.  The ponds and 
secondary pour points are in green.  Blue and orange dots represent the original file of 
BMPs (wet and dry ponds, respectively).  Green lines represent subdivisions. 

 
Refinement and verification of catchment areas 
Using hydrologic GIS tools, an initial set of catchments for each watershed was 
produced.  These catchments were used to systematically assess each catchment.  
Discrepancies, such as where a stormwater conveyance crossed a catchment boundary, 
could be identified easily and corrected by enabling the identification of pour points that 
had been overlooked or misidentified. 
 

 
Figure 2.2 Screenshot of preliminary catchments.  Note the areas, circled in red, where a 
conveyance crosses a catchment boundary, indicating a discrepancy.  
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Crosswalk of 2007 land use and model land use categories 
To determine loading rates and reductions the “Simple Method,” developed by the Center 
for Watershed Protection (Schueler, 1987), was used.  This model is based on certain 
characteristic concentration values, which vary by land use type.  Therefore, it was 
necessary to convert categories from the 2007 land use layer to values corresponding to 
those used in the model.  Categories used by the model include residential, commercial, 
industrial, agriculture, open space, forest, lawns, roof, parking lot, driveway, street, and 
landscaping.  See Appendix B for a mapping of land use types from the 2007 data to the 
categories used in the loading calculations.  In consultation with DNREC, it was 
determined that for the purposes of this study, water and wetlands have a loading rate of 
0, and therefore do not affect the final loading rates. 
 
Land use and impervious-cover percentages 
Using tools developed in-house by WRA, the area of each land use type within each 
catchment was calculated.  Similarly, the percentage of impervious cover within each 
catchment was calculated.  These values were used to calculate pollutant loads and 
reductions associated with BMPs and their catchment areas.  See Figures 6.1–6.4 for a 
summary of land use areas within the BMP catchments for each watershed. 
 
Spreadsheet-based model of loads and reductions 
For this analysis the Simple Method modeling procedures (Schueler, 1987) were used to 
estimate the stormwater-runoff loads and reductions for selected pollutants within 
selected BMPs in the Delaware portion of the Christina Basin.  It was determined that the 
Simple Method provided a scale-appropriate method that depended on easily determined 
inputs and that could be applied over a large (watershed-scale) area.  See Appendix A for 
a review of several models assessed for use in this project and for a detailed description 
of the Simple Method. Figures 6.5–6.8 present a summary of the loads for each pollutant 
by land use type within BMP catchments. 
 
Analysis of subdivisions 
To determine the effectiveness of BMPs at addressing the water runoff from their 
associated subdivision, the layer of catchments was intersected with the layer of 
subdivisions for each watershed.  The amount of each subdivision drained by its 
associated BMPs could be determined, as well as the area within the subdivision not 
drained by these catchments and the area of catchments falling outside its associated 
subdivision.  A summary of this information is presented in Tables 5.1–5.4. 
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III.  Discussion and Analysis 
 

The data collected are summarized in this section according to watersheds.  Included in 
the data are the total number of wet and dry ponds per watershed and the area of each.  
The land use for the catchment areas in each watershed is presented in Figures 6.1–6.4, 
and the loads for each pollutant contributed by the catchments in each watershed are 
presented in Figures 6.5–6.8.  In addition, the loading rates, reduction rates, and resultant 
loads for each pollutant parameter are provided.   

 
The following table summarizes the number and areas of stormwater pond BMPs in each 
of the four watersheds of the Delaware portion of the Christina Basin—Brandywine, Red 
Clay, and White Clay Creeks, and Christina River.  Of a total of over 100,000 acres, 
stormwater ponds cover 14.5 percent of the Christina Basin in Delaware.  The 
Brandywine Creek watershed has the smallest percentage of its land treated by ponds, 
while the White Clay has the highest (3.3 and 19.1 percent, respectively).  The Christina 
River watershed has both the most ponds (287) and acreage treated (6,587), while 
Brandywine Creek watershed has the fewest ponds (29) and least acreage treated (490). 

 
 

 
Wet Ponds Dry Ponds All Ponds 

Watershed Acres Count Acres Count Acres Count Acres Portion of 
Watershed 

Brandywine 14,738 8 244 21 246 29 490 3.3% 

Red Clay 13,558 18 557 33 1,258 51 1,814 13.4% 

White Clay 29,678 89 2,033 144 3,647 233 5,680 19.1% 

Christina 42,622 120 2,759 167 3,828 287 6,587 15.5% 

Totals 100,597 235 5,593 365 8,979 600 14,571 14.5% 
Table 3.1 Acreages of watersheds and areas treated by stormwater pond BMPs, plus the number 
and percent coverage, by watershed, of stormwater ponds. 

 
The following tables (3.2–3.5) present the loading rates, load reductions, and the resultant 
loads associated with wet and dry ponds for each of the watersheds within the Christina 
Basin.  
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Table 3.2 Summary of loads and reductions for selected pollutants within the catchments of the 
Brandywine Creek watershed.  Values are in pounds per year, except bacteria, which is expressed 
in billions of colonies per year, at both the low and high ranges of reduction efficiencies. 
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Table 3.3 Summary of loads and reductions for selected pollutants within the catchments of the 
Red Clay Creek watershed.  Values are in pounds per year, except bacteria, which is expressed as 
the most probable number of colonies per year, at both the low and high ranges of reduction 
efficiencies. 
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Table 3.4 Summary of loads and reductions for selected pollutants within the catchments of the 
White Clay Creek watershed.  Values are in pounds per year, except bacteria, which is expressed 
as the most probable number of colonies per year, at both the low and high ranges of reduction 
efficiencies. 
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Table 3.5 Summary of loads and reductions for selected pollutants within the catchments of the 
Christina River watershed.  Values are in pounds per year, except bacteria, which is expressed as 
the most probable number of colonies per year, at both the low and high ranges of reduction 
efficiencies. 
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Table 3.6 shows the number of subdivisions treated by BMPs in each watershed.  
Christina and White Clay contained significantly more subdivisions treated by wet and 
dry ponds than did Brandywine and Red Clay.  This could be attributed to different land 
development patterns, as well as to the fact that the latter watersheds were developed 
earlier, before such stormwater control practices were as prevalent. 
 

Watershed Number of 
Subdivisions 

Subdivision 
Acreage 

Average 
Subdivision 

Acres 

Watershed 
Area 

(Sq. Mi.) 

Subdivisions 
Per Sq. Mi. 

Brandywine 26 1283 49.3 23.03 1.13 
Red Clay 40 2212 55.3 21.18 1.89 
White Clay 191 6555 34.3 46.37 4.12 
Christina 224 10796 48.2 66.60 3.36 

Table 3.6 Number and area of subdivisions treated by BMPs associated with each watershed, 
plus density of subdivisions with stormwater ponds. 
 
It was found that many subdivisions in the Delaware portion of the Christina Basin were 
drained by more than one BMP.  BMPs generally only treated a percentage of the 
subdivision area they were designed to treat.  In some cases, the area drained by a pond 
extended well beyond the limits of the subdivision.  Tables 5.1–5.4 summarize, for each 
subdivision, the number of BMPs associated with it, the acres treated by each BMP, and 
acres left untreated by each BMP for the Brandywine, Red Clay, and White Clay Creeks, 
and Christina River watersheds. 
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IV.  Implications and Restraints  
 

Benefits 
 
Several broad benefits of the methodology presented have become evident through the 
data collection, GIS, and data analysis procedures of this project.  These benefits include 
the following: 

• Enabling of rapid watershed assessment:  This process provides the ability to 
conduct rapid watershed assessment applying GIS and remote-sensing data to 
calculate loads and reductions.   

• Broad applicability throughout the state:  TMDLs have been established in more 
than 30 waterways in the state, and, as part of this process, it is critical to calculate 
the existing stormwater BMP load reductions.  This methodology can be applied to 
watersheds throughout the state and will aid DNREC in tracking the stormwater 
BMP reductions in each watershed.  This process will also help the Tributary 
Action Teams understand the impact of the existing stormwater BMPs and the 
remaining reductions that must be achieved to meet the TMDLs in a designated 
watershed.   

• Ability to verify projected drainage areas for stormwater BMPs:  This will enable 
DNREC and local permitting agencies, such as New Castle County, to determine 
whether the original design of the site and the intended drainage area for the 
existing stormwater BMPs is accurate or has been altered in any way.    

• Prioritization of BMP retrofits: In the analysis it was found that several stormwater 
BMPs drain areas in excess of the BMPs’ recommended drainage areas.  Using the 
GIS and remote-sensing data, the BMPs that are draining excessive acreage can be 
identified and prioritized for retrofit.     

• Prioritization of BMP-maintenance efforts:  Drainage areas are calculated for each 
wet and dry pond in the inventory.  Those BMPs receiving a large volume of runoff 
need to be maintained more frequently.  This tool enables state and local 
jurisdictions to target maintenance efforts more efficiently, focusing maintenance 
on those BMPs draining areas in excess of the recommended drainage area. 

• Assistance in the assessment of subdivision drainage:  It is possible to analyze the 
efficacy of in situ stormwater measures to address runoff associated with 
subdivisions. 

 
Data Gaps/Difficulties 
  
While working through the various stages of this project, WRA discovered several 
barriers to a complete assessment of the impact of stormwater BMPs in the Christina 
Basin.  WRA found that it is essential to address the existing data gaps in order to 
improve the overall quality of future projects related to stormwater BMPs.  These data 
gaps are outlined below:   
 

• Types of BMPs:  This project includes an analysis of wet and dry ponds.  It was not 
possible to include several stormwater BMPs, such as rain gardens, filter strips, 
constructed wetlands, porous pavement, and bioswales in this analysis.  These 
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types of BMPs were not included in this project because a comprehensive 
inventory is not available and these types of BMPs are difficult to detect visually 
using GIS and remote-sensing data.   

• Incomplete wet- and dry-pond BMP inventory: Not all wet and dry ponds are 
contained in the inventory.  Some were apparent in the imagery but did not appear 
in the inventory.  These BMPs were not included in the analysis.  

• Missing BMP data:  The BMP database is not comprehensive.  The database 
contains the wet- and dry-pond BMPs located in New Castle County, but BMPs 
contained in independent jurisdictions is not available.  For example, data were not 
available for any stormwater BMPs in Wilmington, Newport, or Elsmere, which all 
lie partially or completely within the Christina Basin.  

• Partial BMP data:  The information provided for each BMP in the database varies 
considerably.  For example, the BMPs installation dates are not available for all of 
the BMPs, the terminology used to describe the BMP is inconsistent, and the 
drainage area for each BMP is not available.   

• Bacteria reductions:  The data available for bacteria reduction values are limited.  
For the purposes of this project, WRA used a zero-bacteria reduction value for dry 
ponds and range of 44–99 percent for wet ponds.  Continued research and data 
collection are necessary to further refine these values, a recommendation included 
in the Christina Basin Pollution Control Strategy. 

 
Future Projects 
 
Several prospective projects were discussed and will be considered as opportunities for 
future DNREC and WRA collaborations.  Future initiatives may include applying this 
analysis to watersheds throughout the state, identifying and developing a database of 
parking lots in the Christina Basin, and developing a procedure to standardize the data, 
input formats, and consistent terminology for stormwater BMPs statewide.  Pursuing 
these and other related projects will provide DNREC with the data and analysis necessary 
for the state to continue progress toward meeting the TMDLs established in watersheds 
throughout the state.   
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V.  Tables 
 

 
Table 5.1 Summary of acres of subdivisions treated by wet and dry ponds in the Brandywine 
River watershed. 



Quantifying Load Reductions in the Christina Basin  August 2009 
 

 18 

 
Table 5.2 Summary of acres of subdivisions treated by wet and dry ponds in the Red Clay Creek 
watershed. 
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Table 5.2 (continued) 
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Table 5.3 Summary of acres of subdivisions treated by wet and dry ponds in the White Clay 
Creek watershed. 
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Table 5.3 (continued) 
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Table 5.3 (continued) 
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Table 5.3 (continued) 
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Table 5.3 (continued) 



Quantifying Load Reductions in the Christina Basin  August 2009 
 

 25 

 
Table 5.3 (continued) 
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Table 5.3 (continued) 
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Table 5.4 Summary of acres of subdivisions treated by wet and dry ponds in the Christina River 
watershed. 
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Table 5.4 (continued) 
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Table 5.4 (continued) 
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Table 5.4 (continued) 
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Table 5.4 (continued) 
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Table 5.4 (continued) 
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Table 5.4 (continued) 
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Table 5.4 (continued) 
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Table 5.4 (continued) 
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VI.  Figures 
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Figure 6.1 Land use acreages for stormwater-pond catchments in the Brandywine Creek 
watershed. 
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Figure 6.2 Land use acreages for stormwater-pond catchments in the Red Clay Creek watershed. 
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White Clay Creek Watershed
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Figure 6.3 Land use acreages for stormwater-pond catchments in the White Clay Creek 
watershed. 
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Figure 6.4 Land use acreages for stormwater pond catchments in the Christina River watershed. 
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Brandywine Creek Watershed 

TSS Load (lbs/year)

Residential, 17768.9

Commercial, 14690.7

Agricultural, 10184.1

Open Space, 

12292.2

Street, 1121.6

Lawns, 15202.9

Forest, 1116.5

 

Brandywine Creek Watershed 

TN Load (lbs/year)

Residential, 761.5

Commercial, 717.5

Industrial, 0.0

Agricultural, 146.0

Lawns, 1106.8

Forest, 61.4

Open Space, 589.0

Street, 9.1

 
Brandywine Creek Watershed 

TP Load (lbs/year)

Residential, 112.4

Commercial, 75.2

Agricultural, 20.4

Open Space, 79.4

Street, 3.6

Lawns, 255.4

Forest, 6.7

 

Brandywine Creek Watershed 

Total Bacteria Load (billion colonies/year)

Forest, 203.5

Lawns, 1330.3

Street, 110.0

Open Space, 1984.1

Agricultural, 1701.8

Commercial, 7162.4

Residential, 11568.9

 
Figure 6.5  Pollutant loads for various land use types for ponds in the Brandywine Creek 
watershed.  Values represent loads in pond catchments only, not in the entire watershed.  Units 
are in pounds per year, except bacteria, which is expressed in billions of colonies per year. 
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Red Clay Creek Watershed 

TSS Load (lbs/year)

Open Space, 401.9

Forest, 4,931.1

Commercial, 27,461.3

Industrial, 67.3

Agricultural, 26,970.7

Lawns, 63,834.8

Street, 12,421.0

Residential, 

210,751.3

 

Red Clay Creek Watershed 

TN Load (lbs/year)

Residential, 9,032.2

Commercial, 1,341.1

Industrial, 1.7

Agricultural, 386.6

Lawns, 4,647.2

Forest, 271.2

Open Space, 19.3

Street, 101.1

 
Red Clay Creek Watershed 

TP Load (lbs/year)

Residential, 1,333.3

Commercial, 140.5

Industrial, 0.2

Agricultural, 53.9

Lawns, 1,072.4

Forest, 29.6

Open Space, 2.6

Street, 39.7

 

Red Clay Creek Watershed 

Total Bacteria Load (billion colonies/year)

Residential, 

137,214.8

Commercial, 13,388.7

Industrial, 9.1

Agricultural, 4,507.1

Lawns, 5,585.8

Forest, 898.9
Open Space, 64.9

Street, 1,217.7

 
Figure 6.6  Pollutant loads for various land use types for ponds in the Red Clay Creek watershed.  
Values represent loads in pond catchments only, not in the entire watershed.  Units are in pounds 
per year, except bacteria, which is expressed in billions of colonies per year. 
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White Clay Creek Watershed 

TSS Load (lbs/year)
Street, 101,495

Open Space, 12,748

Forest, 31,338

Lawns, 48,149

Agricultural, 111,619

Industrial, 32,199

Commercial, 242,797

Residential, 440,236

 

White Clay Creek Watershed

TN Load (lbs/year)

Residential, 18,867.3

Commercial, 11,857.5

Industrial, 834.8

Agricultural, 1,599.9

Lawns, 3,505.3

Forest, 1,723.6

Open Space, 610.8

 
White Clay Creek Watershed 

TP Load (lbs/year)

Residential, 2,785.2

Commercial, 1,242.2

Industrial, 99.4

Agricultural, 223.2

Lawns, 808.9

Forest, 188.0

Open Space, 82.3

Street, 324.5

 

White Clay Creek Watershed 

Total Bacteria Load (billion colonies/year)

Street, 9,950.6

Open Space, 2,057.7

Forest, 5,712.9

Lawns, 4,213.3

Agricultural, 18,652.6

Industrial, 4,348.1

Commercial, 

118,375.2

Residential, 

286,626.6

 
Figure 6.7  Pollutant loads for various land use types for ponds in the White Clay Creek 
watershed.  Values represent loads in pond catchments only, not in the entire watershed.  Units 
are in pounds per year, except bacteria, which is expressed in billions of colonies per year. 
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Christina River Watershed 

TSS Load (lbs/year)

Street, 58,075.5

Open Space, 

52,329.8

Forest, 25,247.2
Lawns, 32,778.6

Agricultural, 

152,211.7

Industrial, 107,827.0

Commercial, 

194,039.6

Residential, 

566,348.5

 

Christina River Watershed 

TN Load (lbs/year)

Residential, 24,272.1

Commercial, 9,476.4

Industrial, 2,795.5

Agricultural, 2,181.7

Lawns, 2,386.3

Forest, 1,388.6

Open Space, 2,507.5

 
Christina River Watershed 

TP Load (lbs/year)

Street, 185.7

Open Space, 338.0

Forest, 151.5

Lawns, 550.7

Agricultural, 304.4

Industrial, 332.8

Commercial, 992.8

Residential, 3,583.0

 

Christina River Watershed 

Total Bacteria Load (billion colonies/year)

Street, 5,693.7Open Space, 8,446.7 Forest, 4,602.6

Lawns, 2,868.3

Agricultural, 25,436.0

Industrial, 14,560.7

Commercial, 94,603.8

Residential, 

368,735.1

 
Figure 6.8  Pollutant loads for various land use types for ponds in the Christina River watershed.  
Values represent loads in pond catchments only, not in the entire watershed.  Units are in pounds 
per year, except bacteria, which is expressed in billions of colonies per year. 
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Figure 6.9  Reductions in total suspended sediment from stormwater ponds in the Brandywine 
Creek watershed, shown by yellow bar.  The resultant load after treatment is represented by the 
red bar.  Total load is shown by the full height of each bar.  Total ponds=29 (21 dry ponds, 8 wet 
ponds). 
 

 
Figure 6.10  Reductions in total nitrogen from stormwater ponds in the Brandywine Creek 
watershed, shown by yellow bar.  The resultant load after treatment is represented by the red bar.  
Total load is shown by the full height of each bar.  Total ponds=29 (21 dry ponds, 8 wet ponds). 
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Figure 6.11  Reductions in total phosphorous from stormwater ponds in the Brandywine Creek 
watershed, shown by yellow bar.  The resultant load after treatment is represented by the red bar.  
Total load is shown by the full height of each bar.  Total ponds=29 (21 dry ponds, 8 wet ponds). 
 

 
Figure 6.12  Reductions in bacteria (high and low ranges of removal efficiencies) from 
stormwater ponds in the Brandywine Creek watershed, shown by yellow bar.  The resultant load 
after treatment is represented by the red bar.  Total load is shown by the full height of each bar.  
Total ponds=29 (21 dry ponds, 8 wet ponds). 
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Figure 6.13  Reductions in total suspended sediment from stormwater ponds in the Red Clay 
Creek watershed, shown by yellow bar.  The resultant load after treatment is represented by the 
red bar.  Total load is shown by the full height of each bar.  Total ponds=51 (33 dry ponds, 18 
wet ponds). 
 

 
Figure 6.14  Reductions in total nitrogen from stormwater ponds in the Red Clay Creek 
watershed, shown by yellow bar.  The resultant load after treatment is represented by the red bar.  
Total load is shown by the full height of each bar.  Total ponds=51 (33 dry ponds, 18 wet ponds). 
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Figure 6.15  Reductions in total phosphorous from stormwater ponds in the Red Clay Creek 
watershed, shown by yellow bar.  The resultant load after treatment is represented by the red bar.  
Total load is shown by the full height of each bar.  Total ponds=51 (33 dry ponds, 18 wet ponds). 
 

 
Figure 6.16  Reductions in bacteria (high and low ranges of removal efficiencies) from 
stormwater ponds in the Red Clay Creek watershed, shown by yellow bar.  The resultant load 
after treatment is represented by the red bar.  Total load is shown by the full height of each bar.  
Total ponds=51 (33 dry ponds, 18 wet ponds). 
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Figure 6.17  Reductions in total suspended sediment from stormwater ponds in the White Clay 
Creek watershed, shown by yellow bar.  The resultant load after treatment is represented by the 
red bar.  Total load is shown by the full height of each bar.  Total ponds=233 (144 dry ponds, 89 
wet ponds). 
 

 
Figure 6.18  Reductions in total nitrogen from stormwater ponds in the White Clay Creek 
watershed, shown by yellow bar.  The resultant load after treatment is represented by the red bar.  
Total load is shown by the full height of each bar.  Total ponds=233 (144 dry ponds, 89 wet 
ponds). 
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Figure 6.19  Reductions in total phosphorous from stormwater ponds in the White Clay Creek 
watershed, shown by yellow bar.  The resultant load after treatment is represented by the red bar.  
Total load is shown by the full height of each bar.  Total ponds=233 (144 dry ponds, 89 wet 
ponds). 

 

 
Figure 6.20  Reductions in bacteria (high and low ranges of removal efficiencies) from 
stormwater ponds in the White Clay Creek watershed, shown by yellow bar.  The resultant load 
after treatment is represented by the red bar.  Total load is shown by the full height of each bar.  
Total ponds=233 (144 dry ponds, 89 wet ponds). 
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Figure 6.21  Reductions in total suspended sediment from stormwater ponds in the Christina 
River watershed, shown by yellow bar.  The resultant load after treatment is represented by the 
red bar.  Total load is shown by the full height of each bar.  Total ponds=287 (167 dry ponds, 120 
wet ponds). 
 

 
Figure 6.22  Reductions in total nitrogen from stormwater ponds in the Christina River 
watershed, shown by yellow bar.  The resultant load after treatment is represented by the red bar.  
Total load is shown by the full height of each bar.  Total ponds=287 (167 dry ponds, 120 wet 
ponds). 
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Figure 6.23  Reductions in total phosphorous from stormwater ponds in the Christina River 
watershed, shown by yellow bar.  The resultant load after treatment is represented by the red bar.  
Total load is shown by the full height of each bar.  Total ponds=287 (167 dry ponds, 120 wet 
ponds). 
 

 
Figure 6.24  Reductions in bacteria (high and low ranges of removal efficiencies) from 
stormwater ponds in the Christina River watershed, shown by yellow bar.  The resultant load after 
treatment is represented by the red bar.  Total ponds=287 (167 dry ponds, 120 wet ponds). 
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VII.  Maps 
 

The following figure (Figure 7.1) illustrates four examples of typical subdivisions in 
areas with distinct development patterns, showing ponds and total catchment area.  Land 
use patterns include open space (a golf course), a suburban area, a denser, commercial 
area, and an industrial site.  The maps in Figures 7.2–7.5 illustrate the distribution of 
stormwater pond catchments in each of the four watersheds in the Delaware portion of 
the Christina Basin. 

 
 

  

  

Figure 7.1  Map detail showing subdivision boundary, stormwater ponds, and pond catchment 
area, for an area of open space (upper left), suburban land use (upper right), commercial land use 
(lower left), and industrial land use (lower right). 
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Figure 7.2  Stormwater-pond catchments in the Brandywine River watershed. 
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Figure 7.3  Stormwater-pond catchments in the Red Clay Creek watershed. 
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Figure 7.4  Stormwater-pond catchments in the White Clay Creek watershed. 
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Figure 7.3  Stormwater-pond catchments in the Christina River watershed. 
 



Quantifying Load Reductions in the Christina Basin  August 2009 
 

 55 

VIII.  References 
 
Cappiella, K., & Brown, K.  (2000).  Derivations of impervious cover for suburban land 

uses in the Chesapeake Bay Watershed.  Prepared for the U. S. EPA Chesapeake 
Bay Program.  Ellicott City, MD:  The Center for Watershed Protection. 

 
Center for Watershed Protection.  (September 2007).  National Pollutant Removal 

Performance Database, Version 3.  Ellicott City, MD: The Center for Watershed 
Protection.  

 
Clary, Jane; Jones, Jonathan E.; Urbonas, Ben R.; Quigley, Marcus M.; Strecker, Eric; 

and Wagner, Todd.  (May 2008).  Can Stormwater BMPs Remove Bacteria? New 
Findings from the International Stormwater BMP Database.  The Journal for 
Surface Water Quality Professionals.  Retrieved on June 19, 2009, from 
www.stormh2o.com/may-2008/bacterial-research-bmps.aspx.  

 
Dai, Ting; Manguerra, Henry; and Nandi, Romell.  (n.d.)  STEPL 2.2: Spreadsheed Tool 
 for Estimating Pollutant Load.  Retrieved on September 14, 2008, from 
 co.livingston.mi.us/drain/phaseii/DEQ/App_I/stepl_model.ppt. 
 
Dai, Ting and Matzke, Andrea. (October 2006).  GRTS Model Training.  Retrieved on 
 September 14, 2008 from 
 www.state.sd.us/DENR/DFTA/WatershedProtection/STEPL.pdf. 
 
Department of Natural Resources and Environmental Control, Division of Water 
 Resources, Watershed Assessment Section.  (Effective November 11, 2008).  
 Statutory Authority, 7 Delaware Code Chapters 40, 60, 66, 70, and 72.  29 
 Delaware Code §§ 8014(5) and 8025.  Regulations Governing the Pollution 
 Control Strategy for the Indian River, Indian River Bay, Rehoboth Bay and Little 
 Assawoman Bay Watersheds.   
 
Engel, Bernard and Harbor, Jon. (n.d.).  Long-Term Hydrological Impact Analysis (L-
 THIA).  Retrieved September 2, 2008 from: 
 www.ecn.purdue.edu/runoff/documentation/LTHIAFactSheet2.htm. 
 
Lucas, William C. (January 2004).  Green Technology: The Delaware Urban Runoff 
 Management Approach, A Technical Manual for Designing Nonstructural BMPs 
 to Minimize Stormwater Impacts from Land Development.  Prepared for Delaware 
 Department of Natural Resources and Environmental Control, Division of Soil 
 and Water Conservation.  Integrated Land Management, Inc.  
 
Ma, Yongsheng. (2004).  L-THIA: A Useful Hydrologic Impact Assessment Model.  
 Nature and Science, 2(1):68-73. 
 



Quantifying Load Reductions in the Christina Basin  August 2009 
 

 56 

Ohrel, R.  (2000).  Simple and complex stormwater pollutant models compared.  In  T. R. 
Schueler, & H. K. Holland (Eds.), The Practice of Watershed Protection (pp. 364-
368).  Ellicott City, MD:  The Center for Watershed Protection.  

 
Schueler, T. (1987).  Controlling urban runoff: a practical manual for planning and 

designing urban best management practices.  Metropolitan Washington Council of 
Governments.Washington, DC. 

 
Schueler, T.  (1999).  Microbes and urban watersheds.  Watershed Protection 

Techniques, 3(1), 551-596. 
 
Schueler, T., D. Hirschman, M. Novotney, and J. Zielinski. (2007).  Urban Stormwater 

Retrofit Practices Version 1.0: A User’s Manual.  Manual 3 in the Urban 
Subwatershed Restoration Manual Series.  Center for Watershed Protection. 
Ellicott City, MD. 

 
Smullen, J., & Cave, K.  (1998, Aug. – Sep.).  Updating the U. S. nationwide urban 

runoff quality database.  Paper presented at the 3rd International Conference on 
Diffuse Pollution, Edinburg, Scotland. 

 
USEPA.  (1997).  Compendium of Tools for Watershed Assessment and TMDL 

Development.  Washington, D.C: Government Printing Office. 
 
USEPA.  (August 28, 2007).  STEPL – Spreadsheet Tool for Estimating Pollutant Load 
 Region 5 Load Estimation Model.  Retrieved on September 29, 2008, from: 
 it.tetratech-ffx.com/stepl.   



Quantifying Load Reductions in the Christina Basin  August 2009 
 

 57 

Appendix A:  Model Summary for Determining Load 
Reductions 
 
The following is a summary of the models reviewed for determining the load reductions 
for total phosphorus, total nitrogen, total suspended sediment, and bacteria of wet and dry 
ponds for this project.  The Schueler, or Simple Method, Long-Term Hydrological 
Impact Analysis (L-THIA), and Spreadsheet Tool for Estimating Pollutant Loads 
(STEPL) were analyzed.  It was determined that the Schueler, or Simple Method was the 
best means of calculating load reductions for this particular project.   
 
The Simple Method 
 
Summary 
Developed by Tom Schueler in 1987, the Simple Method estimates pollutant loads from 
stormwater runoff for various land uses.  The Simple Method can also be used to 
calculate removal efficiencies of various best management practices to determine final 
pollutant loads for a specific drainage area (Center for Watershed Protection, n.d.).  The 
Simple Method’s calculations are based on basic empirical relationships (Ohrel, 2000).  
Pollutant loads are estimated as a product of annual runoff volume and pollutant 
concentration (Center for Watershed Protection, n.d.). 
 
Calculations 
Chemical constituents are calculated through the following equation: 
 
L = 0.226 * R * C * A 
 
Where: L = Annual load (lbs) 
 R = Annual runoff (inches) 
 C = Pollutant concentration (mg/l) 
 A = Area (acres) 
              0.226 = Unit conversion factor 
 
Bacteria concentrations are calculated through a modified equation: 
 
L = 103 * R * C * A 
 
Where: L = Annual load (billion colonies) 
 R = Annual runoff (inches) 
 C = Bacterial concentration (1,000/ml) 
 A = Area (acres) 
              103.0 = Unit conversion factor 
 
Annual runoff is calculated through the following equation: 
 
R = P * Pj * Rv 
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Where: R = Annual runoff (inches) 
 P = Annual rainfall (inches) 
                    Pj = Fraction of annual rainfall events that produce runoff (usually 0.9) 
                   Rv = Runoff coefficient 
 
The runoff coefficient (Rv) is calculated based on impervious cover in the sub-watershed 
and is calculated through the following equation: 
 
Rv = 0.05 + 0.9Ia 
 
Where: Ia = Impervious fraction 
 
Total pollutant removal when taking into account stormwater-management practices can 
be calculated through the following equation: 
 
R = L [(E1)+(1-E1)E2+(1-((E1)+(1-E1)E2)E3+…] 
 
Where: R = Pollutant removal (lbs) 
 L = Annual load from Simple Method (lbs) 
                   Ei = Efficiency of ith BMP practice in a series 
 
The calculations required of the Simple Method can easily be streamlined through the use 
of a spreadsheet or a GIS, provided that all required data are available (Center for 
Watershed Protection, n.d.). 
 
Data Needs 
The Simple Method requires relatively little information.  Data needed includes: sub-
watershed drainage area, sub-watershed impervious cover percentage, stormwater runoff 
pollutant concentrations, annual precipitation, land use, and BMP removal efficiencies.   
 
For this study, impervious cover can be extrapolated by obtaining a raster data layer of 
impervious cover from the Delaware Office of State Planning Coordination website.  
Impervious cover layers are available for the entire state for the year 2007. 
 
Stormwater-pollutant concentrations can be estimated from local, regional, or national 
data sources.   
 
Specific sources of stormwater pollutants vary in their concentration amount and can be 
estimated from available data sources, but most likely will not be necessary for our 
research purposes. 
 
Pollutant-removal efficiencies are available from various sources for several BMPs, 
including wet ponds, stormwater ponds, filtering practices, infiltration practices, and 
water-quality standards.   
 



Quantifying Load Reductions in the Christina Basin  August 2009 
 

 59 

Benefits 
The Simple Method is very easy to use, compared to more complex computer-based 
stormwater modeling.  The Simple Method is useful for quick and reasonable load 
estimating (Ohrel, 2000).  Calculations can be streamlined through use of a GIS or a 
spreadsheet. 
 
Limitations 
Several caveats about the Simple Method must be considered before determining whether 
or not the model is appropriate for specific research purposes.  The Simple Method 
should not be used in watersheds over 640 acres (Ohrel, 2000).  More complex modeling 
may be more appropriate for larger drainages.  The Simple Method is not appropriate for 
comparing the pollutant removals for subdrainages with similar impervious cover 
percentages (Center for Watershed Protection, n.d.).  Another caveat is that the Simple 
Method does not take into account background or erosional sources of pollutants (Ohrel, 
2000).  Additionally, Ohrel (2000) advises that the Simple Method not be used in 
assessing non-urban land uses (including construction sites, industrial areas, rural 
development, and agricultural uses) because of the unreliability of available “C” values 
for pollutant concentrations, which are the flow-weighted mean concentrations of 
pollutants in urban runoff (usually in mg/l).  The National Urban Runoff Program’s 
(NURP) C values for stormwater pollutants may not address regional and seasonal 
variations in pollutant concentrations and may not account for increased pollutant-
reduction measures that have occurred since the values were established.   
 
 
Long-Term Hydrological Impact Analysis (L-THIA) 
 
Summary 
The Long-Term Hydrologic Impact Analysis (L-THIA) model was developed by Purdue 
University as an online tool intended for policy- and decision-makers to assess the 
hydrological impacts of land use change based on climate data, soils data, and land use 
data.  These include estimates of runoff, recharge, and non-point-source pollutants to 
determine long-term effects of land use change (Engel & Harbor, n.d.; Ma, 2004).  L-
THIA calculates average annual surface runoff and non-point-source pollutants in 
numerical format, as well as charts and maps.  L-THIA is based on estimates resulting 
from the collection of 30 years of precipitation data.  It produces its calculations based on 
averages, not single events or storm events.  L-THIA is available in three versions: the 
basic spreadsheet, which estimates runoff and NPS pollutants, L-THIA GIS model, which 
uses ArcView to determine the impacts of runoff, and L-THIA GIS WWW, which is an 
interactive web version concentrating on a specific area of interest. (Engel & Harbor, 
n.d.) 
 
Calculations 
No calculations are completed by the user.  They are all calculated by L-THIA. 
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Data Needs 
The input data includes: climate, land use, geographic location, curve number 
(determined by USDA Soil Conservation Service), and soil type (based on the Natural 
Resource Conservation Service Hydrological Soil Groups).  The curve number is used to 
determine the amount of runoff in an average stormwater event (Engel & Harbor, n.d.; 
Ma, 2004).   
 
Output 
The following is a list of output provided by L-THIA and the format of the output: 
 

Output Format 
Average annual runoff volume Tabular 
Average annual runoff depth Tabular 
Average annual runoff volume Bar chart 
Average annual runoff depth Bar chart 
Runoff depth Bar chart 
Land use area Bar chart 
Land use  Pie chart 
Average annual runoff volume Pie chart 
Annual variations in runoff Time series graph 
Percent of exceedence for runoff Time series graph 
Non-point source pollution for the following pollutants: 
-nitrogen                      -phosphorus 
-suspended solids        -lead 
-copper                        -zinc 
-cadmium                    -chromium 
- nickel                        -BOD 
-COD                          -oil and grease 
-fecal coliform            -fecal streps 

NPS pollutants map,  
if applicable 

Source: Engel & Harbor (n.d.)  
 
Benefits 
A major benefit of L-THIA is its simplicity.  Only basic information is required by the 
user, including the location (county and state), soil type, previous and current land uses, 
and the change in area.  The land use data options are limited to commercial, industrial, 
high and low residential (broken down into 1/8, ¼, 1/3, ½, or 2 acre parcels), open space, 
parking/paved, water/wetland, grass/pasture, forest, agriculture, percent impervious 
cover, or custom.  L-THIA can model areas greater than 100 square miles but should be 
used on the site level. (Engel & Harbor, n.d.) 
 
Limitations 
The aim of L-THIA is primarily for a quick measurement of the environment and is not 
intended for an in-depth analysis for the planning of stormwater drainage systems.  For 
modeling larger areas, L-THIA would only be able to estimate surface runoff, not 
estimated stream flow attributed from groundwater.  L-THIA is only applicable to areas 
where the Curve Number Method is used.  Another drawback is that L-THIA does not 
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take all forms of precipitation into consideration, such as snowfall.  It also does not 
account for the frozen ground and its tendency to increase runoff.  Finally, L-THIA 
neglects differences in moisture levels.  (Engel & Harbor, n.d.) 
 
 
Spreadsheet Tool for Estimating Pollutant Loads (STEPL) 
 
Summary 
STEPL determines the load reductions of N, P, BOD and sediment loads from the 
implementation of BMPs.  It measures nutrient and sediment loads on a watershed basis 
by land use type (cropland, urban, pasture, forest, feedlot, and others).  The sources of 
pollution loads are analyzed in terms of their runoff and erosion/sedimentation before and 
after implementing BMPs (Dai & Matzke, 2006; Dai, Manguerra, and Romell, n.d.).   
 
Calculations 
The STEPL model uses basic algorithms to calculate BMP load reductions, hydrology, 
nutrient, and sediment algorithms.  A customized Excel worksheet serves as the STEPL 
BMP calculator, which can be downloaded from it.tetratech-ffx.com/stepl (USEPA, 
2007).  The STEPL model uses four steps to determine the load reductions of specific 
BMPs (Dai & Matzke, 2006; Dai et al n.d.).   
 
Data Needs 
According to Dai and Matzke (2006) and Dai et al. (n.d.) the STEPL model uses four 
steps to determine BMP load reductions described below: 
 
Step 1 breaks down land use into the following categories: urban, pasture, cropland, 
forest, feedlot, or other.  The data provided by the user include: land use area, animal 
counts, and septic system failure.  The default data in Step 1 are precipitation and soil 
characteristics. 
 
Step 2 calculates the annual load prior to BMP.  It uses the Curve Number Method to 
determine annual runoff of all land use areas, except urban.  The Universal Soil Loss 
Equation (USLE) is used to calculate erosion.  Sediment is then determined by 
multiplying erosion by the delivery ratio.  The concentration is default data determined 
by land use.  Loads are determined by multiplying the export coefficient by the source 
area for urban land use.  For other land uses it is dissolved concentration times runoff 
volume and soil concentration times sediment volume.    
 
Step 3 selects a single BMP or multiple BMPs by land use.  For example, some of the 
options include filter strips, infiltration basin, runoff mount system, or no BMP.   
 
Step 4 calculates annual pollutant load after BMP implementation.  In this step, load 
reduction is determined by multiplying the load before BMP by BMP efficiency.  The 
load after BMP implementation is calculated by subtracting the load reduction from the 
load before BMP implementation.  Note: loads are amassed by watershed.   
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The data are either provided by the user, for the load reductions of specific BMPs.  Or 
they are default data provided for the calculations within the spreadsheet.  The following 
is a list of the data sources: 
 

• Rainfall: NOAA 
• USLE values by county: NRCS 1997 Natural Resources Inventory (NRI) 
• Literature values 

o Runoff and soil-pollutant concentrations 
o BMP list and efficiencies 
o Household wastewater characteristics, etc. 

• Other data can be found on-line (e.g., animal count from USDA Census of 
Agriculture) 

• Uses 8-digit HUC codes for determining watersheds.   
 
Benefits 
According to Dai and Matzke (2006) and Dai et al. (n.d.), the features of STEPL are such 
that it calculates load reductions at the source with multiple BMPs and various land uses 
for combined efficiency.  It can also determine the load reductions for multiple sub-
watersheds and on a watershed level.  It also provides the option to either take the 
transport effect of the entire watershed into consideration or measure each sub-watershed 
individually.  Another aspect of STEPL is the option to calculate shallow groundwater-
pollutant loads on a watershed basis.  From user provided data, STEPL can calculate 
gully and streambank erosion and groundwater pollution and data on stabilizing 
efficiencies.   
 
Limitations 
Initially, one stipulation for the project was measuring the load reductions of total 
nitrogen, total phosphorous, total suspended sediment, and copper.  A significant 
drawback of STEPL is that it does not measure copper.  A knowledge and understanding 
of BMPs and how they function within the watershed is also required (Dai & Matzke, 
2006; Dai et al., n.d.).  
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Appendix B:  Land Use Category Mappings 
 
The following table presents the mapping of categories of land use from the 2007 State of 
Delaware Land Use and Land Cover dataset to those used in the loading model (the 
Simple Method). 
 

Land Use, 2007 data Land Use, Simple Method 
Single Family Dwellings Residential 
Multi Family Dwellings Residential 
Mobile home Parks/Courts Residential 
Commercial Commercial 
Retail Sales/Wholesale/Professional Services Commercial 
Vehicle Related Activities Commercial 
Junk/Salvage Yards Industrial 
Warehouses and Temporary Storage Commercial 
Other Commercial Commercial 
Industrial Industrial 
Highways/Roads/Access roads/Freeways/Interstates Street 
Parking Lots Parking Lot 
Railroads Industrial 
Airports Commercial 
Communication - antennas Commercial 
Marinas/Port Facilities/Docks Industrial 
Utilities Industrial 
Mixed Urban or Built-up Land Commercial 
Other Urban or Built-up Land Commercial 
Institutional/Governmental Commercial 
Recreational Lawns 
Cropland Agriculture 
Pasture Agriculture 
Idle Fields Agriculture 
Truck Crops Agriculture 
Farmsteads and Farm Related Buildings Agriculture 
Other Agriculture Agriculture 
Herbaceous Rangeland Open Space 
Shrub/Brush Rangeland Open Space 
Mixed Rangeland Open Space 
Deciduous Forest Forest 
Evergreen Forest Forest 
Mixed Forest Forest 
Clear-cut Open Space 
Waterways/Streams/Canals Water/Wetland 
Natural Lakes and Ponds Water/Wetland 
Man-made Reservoirs and Impoundments Water/Wetland 
Bays and Coves Water/Wetland 
Tidal Open Water Water/Wetland 
Non-tidal Open Water Water/Wetland 
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Non-tidal Forested Wetland Water/Wetland 
Non-tidal Scrub/Shrub Wetland Water/Wetland 
Non-tidal Emergent Wetland Water/Wetland 
Tidal Scrub/Shrub Wetland Water/Wetland 
Tidal Emergent Wetland Water/Wetland 
Extraction Industrial 
Transitional (incl. cleared, filled, and gra Open Space 
Tidal Shoreline Water/Wetland 
Non-tidal Shoreline Water/Wetland 
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Appendix C:  Stormwater-Pond BMPs Requiring 
Review 
 
This table indicates where there were significant difficulties or issues identifying 
stormwater BMPs in the dataset, based on aerial photography or field reconnaissance.  
Cells bolded indicate ponds which were not delineated for this study. 
 
 
BMPID 858/54 this whole area - double check.   EDF - Appears to be in 

stream.  Fixed. 
BMPID 426 double check - is it draining the outfall? EDF - Ok. 
BMPID 446 double check - is it draining the outfall? EDF - Ok. 
BMPID 262 pond is actually a catchbasin and 

system has been merged with BMPID 
262 

EDF - Fixed Ok. 

BMPID 241 double check EDF - Ok. 
BMPID 344 pond does not drain anything EDF - Fixed. 
BMPID 292 uncertain where pond is located EDF - Fixed and delineated. 
BMPID 352 uncertain where pond is located - did not 

delineate 
EDF - Can't find either.  Not 
delineated. 

BMPID 1145 uncertain where pond is located.  Pond 
delineated, but not in subdivision.  Look 
at the description of the pond 

EDF - Agree, pond should be 
behind church.   

BMPID 1146 delineated pond, but not in subdivision EDF - Ok. 
BMPID 39 confusing.  I delineated pour points, but 

not certain if they are correct.  There is 
one outfall that leads to an inlet and to 
the pond, but the outfall also a ditch 
which does not drain to the pond - it is 
just to the left of the pond. 

EDF - Fixed. 

BMPID 611 pond is not obvious EDF - Can't find either.  Not 
delineated. 

BMPID 860 pond is not obvious EDF - Can't find either.  Not 
delineated. 

BMPID 864 pond is not obvious EDF - Can't find either.  Not 
delineated. 

BMPID 191 uncertain where pond is located EDF - Can't find either.  Not 
delineated. 

BMPID 897 uncertain where pond is located EDF - PP is in a sports field.  
Delineated but not sure if it is 
right. 

BMPID 423 not certain where the pond is. delineated 
a pp, but not located in the Christina 

EDF - I think it is ok. 

BMPID 422 uncertain where pond is located EDF - Can't find either.  Not 
delineated. 

BMPID 421 uncertain where pond is located EDF - Can't find either.  Not 
delineated. 

BMPID 10119 where is it? EDF - Not in attribute table.  
Not delineated. 

BMPID 576 uncertain where pond is located EDF - Delineated but not sure 
if it is right. 
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BMPID 894 uncertain where pond is EDF - Can't find either.  Not 
delineated. 

BMPID 960 uncertain where pond is EDF - Delineated and fixed. 
BMPID 865/867 uncertain which pond EDF - Ok- both ponds are for 

same PP. 
BMPID 1037 uncertain where pond is EDF - Can't find either.  Not 

delineated. 
BMPID 1038 is this a pond? EDF - Yes I think it is a pond.  

Delineated. 
BMPID 213   EDF - Not in attribute table.  

Not delineated. 
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