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APPENDIX 3A:  WATERSHED MANAGEMENT MODELS 

Watershed models discussed to assist with Deer Creek Watershed planning efforts include the L-THIA model, 

the STEP-L model, the SWMM model, the SUSTAIN model and the MOHAT model.   

Evaluating pollutant load reduction requires understanding how a particular BMP reduces the loading.  
Whether using Simple or complex methods, the BMP either removes the pollutant from the stormwater 
(mechanically, chemically, or biologically), or the BMP reduces the source of a pollutant (i.e. dog feces is 
thrown into the trash and therefore prevented from coming into contact with stormwater).   

The STEPL model, for example, allows the user to input the number and size of BMPs being considered in a 
plug-and-chug manner.  STEPL utilizes published pollutant removal efficiency percentages, available for some 
but not all types of BMPs (National Stormwater Quality Database, University of Alabama & The Center for 
Watershed Protection dated January, 2004).  Evaluation of BMPs not currently listed in STEPL will require the 
modeler to consult available research and work outside of STEPL to determine accepted pollutant removal 
efficiencies.  In contrast, source reduction BMPs require input of the degree to which this practice will be 
employed (i.e. what percentage of a particular residential neighborhood will be convinced by pet waste 
education programs to regularly pick up dog feces, or how will road salt application be altered by improving 
municipal winter weather practices).  Each model handles assessment of various BMPs differently, which 
governs how the modeler represents and therefore assesses the pollutant removal efficiency and source 
reduction BMPs in the model.  The following model descriptions help clarify these differences. 

 The L-THIA model provides the following output information: 

BASIC L-THIA 

Based on more than 30 years of daily precipitation data for the United States, L-THIA estimates changes in 

recharge, runoff, and nonpoint source pollution resulting from past or proposed development.  In the basic 

model of L-THIA, users only need to input: 

 their location (state and county);  

 the type of soil in the area where the land use change is to occur; and  

 the type and size of land use change that will occur (e.g., 100 acres of agricultural land converted to 

50 acres high-density residential and 50 acres commercial).  

L-THIA will generate estimated runoff volumes and depths, and expected nonpoint source pollution loadings 

to waterbodies, based on the information provided.  Results can be displayed in tables, bar graphs, and pie 

charts. 

IMPERVIOUS L-THIA 

Based on more than 30 years of daily precipitation data for the United States, L-THIA estimates changes in 

runoff and nonpoint source pollution resulting from past or proposed development. In this model of L-THIA, 

users only need to input: 
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 their location (state and county);  

 the type of soil in the area where the land use change is to occur (available online if unknown); and  

 the impervious percentage by land type, and type and size of land use change that will occur (e.g., 

100 acres of agricultural land converted to 50 acres high-density residential and 50 acres 

commercial).  

 L-THIA will generate estimated runoff volumes and depths, and expected nonpoint source pollution 

loadings to waterbodies, based on the information provided by the user. Results can be displayed in 

tables, bar charts, and pie charts. 

The Impervious L-THIA version is best suited for urban land use change analysis. 

 

L-THIA LOW IMPACT DEVELOPMENT 

Low Impact Development (LID) practices aim to reduce the impacts of stormwater and pollutants from land 

development.  The goal of LID is to maintain, as closely as possible, the predevelopment hydrologic regime 

for new developments or move toward the original hydrologic regime in existing developed areas.  

L-THIA/LID is an easy to use screening tool that evaluates the benefits of LID practices. The Long-Term 

Hydrologic Impact Assessment (L-THIA) model estimates the average annual runoff and pollutant loads for 

land use configurations based on more than 30 years of daily precipitation data, soils, and land use data for 

an area. In this model of the L-THIA, users need only to input the following:  

 location (state and county)  

 type of soil in the area where the land use change is to occur  

 type and size of land use change that will occur (e.g., 100 acres of agricultural land converted to 50 

acres high-density residential and 50 acres commercial).  

 LID practice(s) to screen.  

The L-THIA/LID model consists of two screening levels for the LID approach.  Basic screening allows the users 

to adjust the percent of imperviousness for particular land uses.  Lot-level screening consists of a suite of LID 

practices such as bio-retention (rain gardens), porous pavement, narrowing impervious surfaces (streets, 

sidewalks and driveways) and vegetated rooftops. These practices intercept, redirect, and slow the 

movement of runoff and pollutants moving through a watershed.  

L-THIA/LID will generate estimated runoff volumes, depths, and expected nonpoint source pollution loadings 

to waterbodies, based on the information provided by the user.  Results can be displayed in tables, bar 

graphs, and pie charts.  
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INTERPRETING L-THIA'S MODEL RESULTS 

L-THIA results can be used to make decisions that will 

minimize the water quality impacts of land use changes.  

The same land use located on a different hydrologic soil 

type can have a different impact. Because the amount of 

runoff generated by different land uses is a function of 

the hydrologic soil type and the land use, relocating land 

uses based on the hydrologic soil type can in some cases 

significantly reduce the long-term impact of the 

development.  

Locating land uses that generate large amounts of runoff (e.g., commercial) on soils that have naturally low 

infiltration rates (Hydrologic Soil Group D) reduces the hydrologic impact of the land use change.  Covering 

soils that already don't soak up much water with impervious surface produces much less impact than 

covering well-drained soils with an impervious surface.  

STORM WATER MANAGEMENT MODEL (SWMM)  

It is anticipated that the XPSWMM model developed for the City of Frontenac Stormwater Master Plan will 
be used as the complex model to simulate pollutant removal by Best Management Practices and to provide 
statistical hydrologic data for use in the Missouri Hydrological Assessment Tool. XPSWMM is based on EPA 
SWMM which is described in detail below. XPSWMM can model pollutant removal efficiencies as well as 
document the hydrologic benefits of best management practices from rain gardens to renewed floodplain 
storage. XPSWMM tracks the volume of precipitation, infiltration, evaporation, runoff, and storage for single 
events or for continuous simulations. It can model pollutant removal for a number of user defined Best 
Management Practices. 

The City of Frontenac model contains the entire Deer Creek watershed of 37 square miles. The City of 
Frontenac, 3 square miles, is included in much greater detail. Frontenac is in two of the four subwatersheds 
and can be used to evaluate BMPs in a detailed manor to determine which BMPs will have the greatest 
impact on those subwatersheds and the amount of BMPs that will be needed. It would be appropriate for 
detailed areas in the remaining two subwatersheds to be developed upon completion of studying those in 
Frontenac. 
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SWMM VERSION 5.0.018 DESCRIPTION 

The EPA Storm Water Management Model (SWMM) is a dynamic rainfall-runoff simulation model used for 

single event or long-term (continuous) simulation of runoff quantity and quality from primarily urban areas. 

The runoff component of SWMM operates on a collection of subcatchment areas that receive precipitation 

and generate runoff and pollutant loads. The routing portion of SWMM transports this runoff through a 

system of pipes, channels, storage/treatment devices, pumps, and regulators. SWMM tracks the quantity and 

quality of runoff generated within each subcatchment, as well as the flow rate, flow depth, and quality of 

water in each pipe and channel during a simulation period comprised of multiple time steps.  

SWMM was first developed in 1971, and has since undergone several major upgrades since then. It continues 

to be widely used throughout the world for planning, analysis, and design related to stormwater runoff, 

combined sewers, sanitary sewers, and other drainage systems in urban areas, with many applications in 

non-urban areas as well. The current edition, Version 5, is a complete re-write of the previous release. 

Running under Windows, SWMM 5 provides an integrated environment for editing study area input data, 

running hydrologic, hydraulic, and water quality simulations; and viewing the results in a variety of formats. 

These include color-coded drainage area and conveyance system maps, time series graphs and tables, profile 

plots, and statistical frequency analyses. 

SWMM CAPABILITIES 

SWMM accounts for various hydrologic processes that produce runoff from urban areas. These include: 

 time-varying rainfall 

 evaporation of standing surface water 

 snow accumulation and melting 
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 rainfall interception from depression storage 

 infiltration of rainfall into unsaturated soil layers 

 percolation of infiltrated water into groundwater layers 

 interflow between groundwater and the drainage system 

 nonlinear reservoir routing of overland flow. 

Spatial variability in all of these processes is achieved by dividing a study area into a collection of smaller, 

homogeneous subcatchment areas, each containing its own fraction of pervious and impervious sub-areas. 

Overland flow can be routed between sub-areas, between subcatchments, or between entry points of a 

drainage system. 

SWMM also contains a flexible set of hydraulic modeling capabilities used to route runoff and external 

inflows through the drainage system network of pipes, channels, storage/treatment units, and diversion 

structures. These include the ability to: 

 handle drainage networks of unlimited size 

 use a wide variety of standard closed and open conduit shapes as well as natural channels 

 model special elements such as storage/treatment units, flow dividers, pumps, weirs, and orifices 

 apply external flows and water quality inputs from surface runoff, groundwater interflow, rainfall-

dependent infiltration/inflow, dry weather sanitary flow, and user-defined inflows 

 utilize either kinematic wave or full dynamic wave flow routing methods  

 model various flow regimes, such as backwater, surcharging, reverse flow, and surface ponding  

 apply user-defined dynamic control rules to simulate the operation of pumps, orifice openings, and 

weir crest levels  

In addition to modeling the generation and transport of runoff flows, SWMM can also estimate the 

production of pollutant loads associated with this runoff. The following processes can be modeled for any 

number of user-defined water quality constituents: 

 dry-weather pollutant buildup over different land uses 

 pollutant washoff from specific land uses during storm events 

 direct contribution of rainfall deposition 

 reduction in dry-weather buildup due to street cleaning 

 reduction in washoff load due to BMPs 

 entry of dry weather sanitary flows and user-specified external inflows at any point in the drainage 

system 

 routing of water quality constituents through the drainage system 

 reduction in constituent concentration through treatment in storage units or by natural processes in 

pipes and channels  
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SUSTAIN (SYSTEM FOR URBAN STORMWATER TREATMENT ANALYSIS INTEGRATION) 

DESCRIPTION 

SUSTAIN is a decision support system to facilitate selection and placement of Best Management Practices 

(BMPs) and Low Impact Development (LID) techniques at strategic locations in urban watersheds. It was 

developed to assist stormwater management professionals in developing implementation plans for flow and 

pollution control to protect source waters and meet water quality goals. From an understanding of the needs 

of the user community, SUSTAIN was designed for use by watershed and stormwater practitioners to 

develop, evaluate, and select optimal BMP combinations at various watershed scales on the basis of cost and 

effectiveness. SUSTAIN is a tool for answering the following questions: 

 How effective are BMPs in reducing runoff and pollutant loadings? 
 What are the most cost-effective solutions for meeting water quality and quality objectives? 
 Where, what type, and how big should BMPs be? 

SUSTAIN was developed by the US EPA Office of Research and Development, National Risk Management 

Research Laboratory, Water Supply and Water Resources Division, Urban Watershed Management Branch 

under contract with Tetra Tech, a consulting engineering, program management, construction and technical 

services firm focusing on resource management and infrastructure. 

CAPABILITIES 

SUSTAIN has seven modules: 

1. Framework Manager 
2. BMP Siting Tool 
3. Land Module 
4. BMP Module 
5. Conveyance Module 
6. Optimization Module 
7. Post-Processor 

They are integrated under a common ArcGIS platform. It performs hydrologic and water quality modeling in 

watersheds and urban streams and searches for optimal management solutions at multiple-scale watersheds 

to achieve desired water quality objectives based on cost effectiveness. 

Framework Manager - Serves as the command center of SUSTAIN, managing the data exchanges between 

system components. It coordinates external inputs, call various modeling components (i.e., Land, BMP, 

conveyance), and provides output information to the post-processor. 
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BMP Siting Tool - it supports users in selecting suitable locations for common structural BMPs that meet the 

defined site suitability criteria such as drainage area, slope, hydrological soil group, groundwater table depth, 

road buffer, stream buffer, and building buffer. 

BMPs are classified and conceptualized in SUSTAIN as scale-based and type-based. The scale-based category 

classifies BMPs according to the size of the application area, such as lot-, community-, and watershed-scales. 

The type-base category classifies BMPs into three types according to the geometric properties: 

 Point BMPs: practices that capture upstream drainage at a specific location and may use a 
combination of detention, infiltration, evaporation, settling, and transformation to manage flow and 
remove pollutants. 

 Linear BMPs: narrow linear shapes adjacent to stream channels that provide filtration of runoff, 
nutrient uptake, and ancillary benefits of stream shading, wildlife habitat, and aesthetic value. 

 Area BMPs: land-based management practices that affect impervious area, land cover, and pollutant 
inputs. 

The following structural BMP options are currently supported: 

BMP Option BMP Type 

Bioretention Point LID 

Cistern Point LID 

Constructed Wetland Point BMP 

Dry Pond Pont BMP 

Grassed Swale Linear BMP 

Green Roof Area BMP 

Infiltration Basin Point BMP 

Infiltration Trench Linear BMP 

Porous Pavement Area BMP 

Rain Barrel Point LID 

Sand Filter (non-surface) Linear BMP 

Sand Filter (surface) Point BMP 

Vegetated Filter strip Linear BMP 

Wet Pond Point BMP 
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Land Simulation Module - computes runoff and pollutant loads from land in one of two ways. By default, the 

land module computes the hydrograph and pollutograph using algorithms adapted from SWMM5, and 

sediment algorithms adapted from HSPF. The module also supports the import of externally generated time 

series data. 

BMP Simulation Module - provides process-based simulation of flow and pollutant transport for a wide 

range of structural BMPs. It is designed so that new BMPs and alternative simulation techniques can be 

added. The table below is a summary of major processes currently included in the module. Option 1 is the 

default option; however, users can select the preferred simulation method from either option depending on 

the available data and required level of detail. 

Process Option 1 Option 2 

Flow routing Stage-outflow using weir and/or orifice 

equations 
For swale: kinematic routing by solving 

the coupled continuity equation and 

Manning's equation. 

infiltration Green-Ampt method Holtan-Lope equation 

Evapotranspiration Constant evapotranspiration (ET) rate or 

monthly average value or daily values 
Potential ET using Harmon's method 

Pollutant routing  Completely mixed Continuously stirred tank reactor (CSTRs) 

in series 

Pollutant removal 1st order decay Kadlec and Knight's (1996) 1st order 

kinetic method 

Buffer strip (sheet flow) 

flow routing  
Kinematic wave overland flow routing   

Buffer strip sediment 

trapping 
University of Kentucky sediment 

interception simulation method as applied 

in VFSMOD 

  

Buffer strip (sheet flow) 

pollutant removal 
1st order decay   

The BMP module includes two additional functionalities: 

 BMP Cost Estimation - the cost database in SUSTAIN is expressed in terms of unit costs of individual 
construction components of a BMP. The unit costs were compiled from wholesale and retail 
companies that provide raw materials for BMPs and from multiple sources of BMP implementation 
at the county, state, and federal levels. The use of this unit cost approach, rather than the entire bulk 
BMP installation, is aimed to minimize differences encountered from site or locality factors. Users 
have the option to override the built-in data with the locally derived information. 



Deer Creek Watershed Management Plan 

Appendix 3B:  Watershed Management Models 

Page 3B-9 

 

 Aggregation of Distributed BMPs - the aggregate BMP approach allows users to assess the 
effectiveness of multiple BMPs. It is used to represent the aggregate characteristics of distributed 
BMPs while reducing the user's effort to model set up and the computation time needed for 
simulation and optimization. Aggregate BMPs evaluate storage and infiltration characteristics of 
multiple BMPs simultaneously without explicit recognition of their spatial distribution and flow and 
pollutant routings. 

Conveyance Simulation Module - performs routing of flow and pollutants through a conduit. In SUSTAIN, 

conduits are pipes or channels that move water from one node to another in a watershed routing network. 

the cross-sectional shapes of a conduit can be selected from a variety of standard open and closed 

geometries. Irregular natural cross-section shapes are supported, as are user-defined closed shapes. Flow 

and pollutant routing are simulated using transport algorithms in SWMM5, and sediment routing using 

sediment transport algorithms in HSPF. 

BMP Optimization Module - identifies cost-effective BMP placement and selection strategies based on a pre-

determined list of feasible sites and applicable BMP types and size ranges. It uses evolutionary optimization 

techniques to search for cost-effective BMPs that meet user-defined decision criteria. Currently, two search 

algorithms are implemented in SUSTAIN: scatter search and nondominated sorting genetic algorithm-II 

(NSGA-II). 

Operationally, the optimization module incorporates a tiered approach that allows for cost effectiveness 

evaluation of both individual and/or multiple nested watersheds to address the needs of both regional- and 

local-scale applications. Tier-1 performs the optimization search to develop cost effectiveness curves for each 

tier-1 sub watershed. Tier-2 uses the tier-1 solutions to construction a new optimization search domain and 

run the transport module, if needed, to develop the combined cost-effectiveness curve for the entire tier-2 

watershed. 

Post-Process - using Microsoft Excel 2003, the post processor provides a centralized location in SUSTAIN for 

analyzing and interpreting simulation outputs at multiple locations, and for scenarios (e.g., existing 

development with and without BMPs, and pre-development conditions) and parameters of interest (e.g., 

inflows, outflows, pollutant loads and concentrations). The simulation outputs contain hourly or sub-hourly 

data, and can span several years depending on the length of simulation. The post processor allows users to 

evaluate simulation results that are highly variable in magnitude, duration, intensity, treatment containment 

volume, attenuation, and pollutant removal effectiveness. This is achieved by using specific graphical and 

tabular reports, including storm event classification, storm event viewer, storm performance summary, and 

cost-effectiveness curves. 

MOHAT (MISSSOURI HYDROLOGICAL ASSESSMENT TOOL) 

Natural flow regime concepts and theories have established the justification for maintaining or restoring the 

range of natural hydrologic variability so that physiochemical processes, native biodiversity, and the 

evolutionary potential of aquatic and riparian assemblages can be sustained. A synthesis of recent research 

advances in hydroecology, coupled with stream classification using hydroecologically relevant indices, has 
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produced the Hydroecological Integrity Assessment Process (HIP). HIP consists of (1) a regional classification 

of streams into hydrologic stream types based on flow data from long-term gaging-station records for 

relatively unmodified streams, (2) an identification of stream-type specific indices that address 11 

subcomponents of the flow regime, (3) an ability to establish environmental flow standards, (4) an evaluation 

of hydrologic alteration, and (5) a capacity to conduct alternative analyses.  

The process starts with the identification of a hydrologic baseline (reference condition) for selected locations, 

uses flow data from a stream-gage network (XPSWMM simulation data would be used in our case), and 

proceeds to classify streams into hydrologic stream types. Concurrently, the analysis identifies a set of non-

redundant and ecologically relevant hydrologic indices for 11 subcomponents of flow for each stream type. 

Furthermore, regional hydrologic models for synthesizing flow conditions across a region and the 

development of flow-ecology response relations for each stream type can be added to further enhance the 

process. The application of HIP to Missouri streams identified five stream types ((1) intermittent, (2) 

perennial runoff–flashy, (3) perennial runoff–moderate baseflow, (4) perennial groundwater–stable, and (5) 

perennial groundwater–super stable). Two Missouri-specific computer software programs were developed: 

(1) a Missouri Hydrologic Assessment Tool (MOHAT) which is used to establish a hydrologic baseline, provide 

options for setting environmental flow standards, and compare past and proposed hydrologic alterations; 

and (2) a Missouri Stream Classification Tool (MOSCT) designed for placing previously unclassified streams 

into one of the five pre-defined stream types. 

Based on evaluation of similar watersheds with healthy ecological systems, MOHAT can produce ranges of 

hydrologic indicies, that, if reproduced in the Deer Creek watershed, would be expected to produce a healthy 

ecological environment in Deer Creek. XPSWMM would be used to produce the existing condition hydrologic 

indicies and to model BMPs to achieve healthy hydrologic indicies. This will provide an additional method to 

straight pollutant removal in achieving a healthy watershed. 

STEPL (SPREADSHEET TOOL FOR ESTIMATING POLLUTANT LOAD) 

STEPL provides a user-friendly Visual Basic (VB) interface to create a customized spreadsheet-based model in 
Microsoft (MS) Excel. It employs simple algorithms to calculate nutrient and sediment loads from different 
land uses and the load reductions that would result from the implementation of various best management 
practices (BMPs), including Low Impact Development practices (LIDs) for urban areas. It computes surface 
runoff; nutrient loads, including nitrogen, phosphorus, and 5-day biological oxygen demand (BOD

5
); and 

sediment delivery based on various land uses and management practices. The land uses considered are urban 
land, cropland, pastureland, feedlot, forest, and a user-defined type. The pollutant sources include major 
nonpoint sources such as cropland, pastureland, farm animals, feedlots, urban runoff, and failing septic 
systems. The types of animals considered in the calculation are beef cattle, dairy cattle, swine, horses, sheep, 
chickens, turkeys, and ducks. For each watershed, the annual nutrient loading is calculated based on the 
runoff volume and the pollutant concentrations in the runoff water as influenced by factors such as the land 
use distribution and management practices. The annual sediment load (from sheet and rill erosion only) is 
calculated based on the Universal Soil Loss Equation (USLE) and the sediment delivery ratio. The sediment 
and pollutant load reductions that result from the implementation of BMPs are computed using the known 
BMP efficiencies. 
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Figure # shows the overall spreadsheet structure of STEPL. It is composed of worksheets for input 
and output interaction with the user as well as hidden worksheets to handle intermediate 
calculations. The input data include state name, county name, weather station, land use areas, 
agricultural animal numbers, manure application months, population using septic tanks, septic tank 
failure rate, direct wastewater discharges, irrigation amount/frequency, and BMPs for simulated 
watersheds. When local data are available, users may choose to modify the default values for USLE 
parameters, soil hydrologic group, nutrient concentrations in soil and runoff, runoff curve numbers, 
and detailed urban land use distribution. Pollutant loads and load reductions are automatically 
calculated for total nitrogen, total phosphorus, BOD

5
, and sediment. 

 
 

WTM (SPREADSHEET TOOL FOR ESTIMATING POLLUTANT LOAD) 

The Watershed Treatment Model (WTM), a simple spreadsheet-based approach that evaluates loads from a 
wide range of pollutant sources, and evaluates potential pollutant load reduction using a variety of retrofit 
opportunities. In addition, the model allows the watershed manager to adjust these loads based on the level 
of effort put forth for implementation. Although the simple algorithms in this model are no substitute for 
more detailed watershed information, and model assumptions may be modified as the watershed plan is 
implemented, the WTM acts as a starting point from which the watershed manager can evaluate multiple 
alternatives for watershed treatment. 

The following limitations of this model are understood and considered acceptable for the goals of the Deer 
Creek Watershed: 

• The best application of the WTM is for watersheds < 20 mi2 
• The WTM provides estimates of many source loads and load reductions for which reliable monitoring or 
performance data is not yet available. The CWP states that it has taken a very conservative approach in its 
judgments and assumptions. It must be recognized,however, that these estimates are nothing more than 
informed judgments. 
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• The WTM makes simplified assumptions for the calculation of loads for which much more complicated 
analyses may be conducted. The default values presented in this document were replaced with data from the 
National Stormwater Quality Database. 
• Although most of the data input into the WTM is quantitative, some parameters require user discretion. In 
particular, the watershed manager is required to make judgments regarding the long-term performance or 
public participation associated with various practices or programs. 
• The current version of the WTM tracks only four pollutants: sediment, nitrogen, phosphorous, and bacteria. 
However, additional target pollutants can be added as necessary. 

Sources of pollutant loading are separated into two classes: Primary Sources and Secondary Sources. Primary 
Sources are the landuses and the pollutant loading that typically flows from the landuses into the stream. 
Primary sources are measured using the Simple Method. Secondary Sources include a variety of point and 
nonpoint sources that are not estimated by most models (simple or complex), such as road salting, channel 
erosion, and sanitary sewer leaks. An accurate estimate of annual pollutant loading requires inclusion of both 
categories of pollutant sources. 

The “Primary Sources” section of the WTM computes annual load using the “Simple Method.” The Simple 
Method is a widely accepted computational estimation of pollutant loading, and is therefore not reviewed in 
detail in this report. Basic inputs for the “Simple Method” are summarized in the following table and 
described in further detail below:  

Table #. Simple Method Input 

DATA INPUT  SOURCE 

Existing Acreage 
County GIS  

Existing Landuse 

Existing Impervious Area MSD GIS 

Total Annual Rainfall MSD Rain Gage 

Event Mean Concentrations of 
Pollutants of Concern 

National Stormwater Quality Database 

 
The WTM can be used to help determine how conditions will improve in response to various treatment 
options by discounting impervious areas contributing pollutants due to installation/modification of 
behavioral practices. With respect to installation/modification of behavioral practices, the efficiency 
ultimately depends on effort, staffing, design, and the inherent treatability of the different sources. This 
model allows factors to be applied to account for these humanistic and systematic factors. 
 
The user manually computes pollutant load reduction for structural watershed retrofit opportunities by 
applying published pollutant removal efficiencies to the existing annual pollutant loading for each site’s 
effluent.  One first computes the existing pollutant loading for each watershed retrofit opportunity using the 
Simple Method, then computes pollutant load reduction for each site using pollutant removal efficiencies of 
various structural watershed retrofit opportunities. Pollutant load reduction is simply attained by applying 
these removal efficiencies to the existing pollutant loading. 
 
A similar process can be applied to pavement removal opportunities. Assuming that nonpoint source 
pollutants are associated with pavement, pavement removal effectively eliminates the water quality needs of 
that portion of the site. Therefore, the existing pollutant loading associated with the impervious area in 
question is assumed to be reduced 100% by removal. 


