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Foreword 

The U.S. Environmental Protection Agency (EPA) is charged by Congress with protecting the Nation's land, air, and 
water resources.  Under a mandate of national environmental laws, the Agency strives to formulate and implement 
actions leading to a compatible balance between human activities and the ability of natural systems to support and 
nurture life. To meet this mandate, EPA's research program is providing data and technical support for solving 
environmental problems today and building a science knowledge base necessary to manage our ecological resources 
wisely, understand how pollutants affect our health, and prevent or reduce environmental risks in the future. 

The National Risk Management Research Laboratory (NRMRL) is the Agency's center for investigation of 
technological and management approaches for preventing and reducing risks from pollution that threaten human 
health and the environment.  The focus of the Laboratory's research program is on methods and their cost-
effectiveness for prevention and control of pollution to air, land, water, and subsurface resources; protection of water 
quality in public water systems; remediation of contaminated sites, sediments and ground water; prevention and 
control of indoor air pollution; and restoration of ecosystems.  NRMRL collaborates with both public and private 
sector partners to foster technologies that reduce the cost of compliance and to anticipate emerging problems.  
NRMRL's research provides solutions to environmental problems by: developing and promoting technologies that 
protect and improve the environment; advancing scientific and engineering information to support regulatory and 
policy decisions; and providing the technical support and information transfer to ensure implementation of 
environmental regulations and strategies at the national, state, and community levels. 

This document has been produced as part of the Laboratory's strategic long-term research plan.  It is made available 
by EPA's Office of Research and Development to assist the user community and to link researchers with their clients. 

      Sally  Gutierrez,  Director. 

      National Risk Management Research Laboratory
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Abstract 

In order to minimize impacts of urban nonpoint source pollution and associated costs of control (storage and 
treatment) associated with wet-weather flows (WWFs), stormwater runoff volumes and pollutant loads must be 
reduced. A number of control strategies and so-called “best management practices” (BMPs) are being used to 
mitigate runoff volumes and associated nonpoint source (diffuse) pollution due to WWFs and include ponds, 
bioretention facilities, infiltration trenches, grass swales, filter strips, dry wells, and cisterns.  Another control option 
is popularly termed “low impact development” (LID) – or hydrologic source control – and strives to retain a site’s 
pre-development hydrologic regime, reducing WWF and the associated nonpoint source pollution and treatment 
needs. 

Methodologies are needed to evaluate these BMPs, their effectiveness in attenuating flow and pollutants, and for 
optimizing their cost/performance since most models only partially simulate BMP processes.  Enhanced simulation 
capabilities will help planners derive the least-cost combination for effectively treating WWFs.  There is currently a 
confusing array of options for analyzing hydrologic regimes and planning for LID.  Integrating available BMP and 
LID processes into one model is highly desirable.   

This work analyzes several current modeling methods to evaluate BMP performance with the intention of facilitating 
the integration of improved BMP modeling methods into the U.S. Environmental Protection Agency (EPA) Storm 
Water Management Model (SWMM).  Several other models are examined as part of this study.  Options for 
enhancement of SWMM’s LID simulation capabilities are also presented.  Two extensive case studies in Portland, 
Oregon help to clarify current SWMM capabilities and needs for enhancement.  The effort documented in this report 
is linked to a parallel effort at the University of Colorado related to optimization strategies for WWF control.   
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1 INTRODUCTION 

1.1 THE NEEDS 
Pollution problems stemming from combined sewer overflows (CSOs), sanitary sewer overflows (SSOs), 
and stormwater discharges are extensive throughout the nation, with the Northeast, Midwest, and Far 
West being the principal areas of concentration.  Nationwide, approximately 1,100 municipalities have 
combined sewers, 85% of which are in eleven states serving 43 million people; there are over 15,000 
overflow points within these systems.  SSOs occur in more than 1,000 municipalities, and stormwater 
discharges occur in as many as 1.2 million municipal, industrial, commercial, institutional and retail 
sources (EPA NRMRL 1996). 

National cost estimates have been developed to control contamination from these three sources of wet 
weather flow (WWF).  According to the most recent 1996 EPA Clean Water Needs Survey 
(http://www.epa.gov/owmitnet/mtb/cwns/1996rtc/toc.htm), projected costs for CSO pollution abatement 
totaled $44.7 billion, and stormwater contributes $7.4 billion out of total clean water needs estimate of 
$139.5 billion (Table 1-1).  SSO costs are included in categories I, III and IV in the table and “EPA 
believes that the needs estimates in these categories related to SSOs underestimate the total costs 
associated with preventing SSOs” (http://www.epa.gov/owmitnet/mtb/cwns/1996rtc/toc.htm).  Indeed the 
EPA Research Plan for wet-weather flows (EPA NRMRL 1996) estimates SSO costs in the “tens of 
billions.” The document also cites an American Public Works Association (APWA) study indicating that 
costs of controlling stormwater pollution are much higher, at more than $400 billion for capital 
investment and capitalized costs of $540 billion for operation and maintenance (O&M) of stormwater 
control facilities, in order to meet water quality standards for stormwater discharges.  These large capital 
and O&M costs pose severe financial difficulties to cities and municipalities throughout the nation. 

During wet weather periods, urban sewer systems often become overloaded.  This can be alleviated, for 
example, by providing additional storage in the system or by providing additional treatment, either 
downstream at the treatment facility or upstream within the watershed.  Since WWF impacts and controls 
are complex and the costs of abatement alternatives are enormously large, there are tremendous 
opportunities for significant cost savings as a whole if an “optimal” cost-effective combination of storage 
and treatment alternatives can be objectively formulated.  EPA is developing a multi-year research 
program aimed at devising tools that can be used to evaluate sewerage systems and determine the optimal 
combination of WWF control alternatives for the most cost-effective operation of the system. 

A related need deals with EPA’s total maximum daily load (TMDL) program, by which pollutant loads 
are to be reduced on a watershed basis, with a goal to meeting water quality standards in receiving water 
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systems.  Management of stormwater quality is usually performed through a combination of so-called 
“best management practices” (BMPs) and a form of hydrologic source control popularly known as “low­
impact development” (LID).  Reliable simulation of BMPs and LIDs is needed for the modeling efforts 
that usually are a part of TMDL development.   

Table 1-1. Needs for publicly owned wastewater treatment facilities and other eligibilities, January 
1996 dollars. (http://www.epa.gov/owmitnet/mtb/cwns/1996rtc/toc.htm) 

Needs Category Total Needs, 
Billion $ 

Title II Eligible Projects 
I Secondary Treatment 26.5 
II Advanced Treatment 17.5 
IIIA Infiltration/Inflow Correction 3.3 
IIIB Sewer Replacement/Rehabilitation 7.0 
IVA New Collector Sewers 10.8 
IVB New Interceptor Sewers 10.8 
V Combined Sewer Overflows 44.7 
VI Stormwater* 7.4 

Total Categories I-VI 128.0 
Other Eligible Projects (Sections 319 and 320) 
VIIA-C Nonpoint Source (agriculture and silviculture only)* 9.4 
VIID Urban Runoff 1.0 
VIIE-G Ground Water, Estuaries, Wetlands 1.1 

Total Category VII 11.5 
Grand Total 139.5 

*Modeled needs only.  Estimated Category VI needs documented by the States are $3.2 billion.  

Estimated Category VIIA-C needs documented by the States are $0.5 billion. 

Costs for operation and maintenance are not eligible for federal funding and therefore are not included.  


Municipal separate storm sewer system (MS4) owners and operators need to identify effective BMPs for 

improving stormwater runoff water quality; owners and managers of other highly-impervious land (e.g., 

highways and industries) have similar needs.  Evaluation of performance involves the use of computer 

models and tools, and empirical relationships describing a quantitative estimate of pollution removed by

BMPs. This information will help planners derive an effective combination of control strategies for 

WWFs. Because of the current state of the practice, however, very few sound scientific data are available 

for making decisions about which structural and non-structural management practices function most 

effectively under what conditions, and, within a specific category of BMPs, to what degree design and 

environmental variables affect BMP efficiency.   


1.2 STATEMENT OF TASK 
Models for simulation of BMP and LID options must consider antecedent runoff conditions for both a 
single rainfall event and continuous rainfall and simulate the physical processes of rainfall, 
evapotranspiration, soil infiltration to groundwater, and overland sheet-flow processes from individual 
lots to streets, then from streets to sewers and eventually to their outfalls.  The EPA Stormwater 
Management Model (SWMM) is a state-of-the-art urban runoff process model and may be used as the 
process model of choice (Huber and Dickinson 1988, Roesner et al. 1988).  It uses well-known 
hydrologic and hydraulic concepts to simulate the urban watershed.  Moreover, the software itself has 
undergone an evolutionary upgrade to a user-friendly, object-oriented version called SWMM5 
(http://www.epa.gov/ednnrmrl/models/swmm/index.htm).  This program, which includes a graphical user 
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interface (GUI), was prepared within the EPA itself and provides the framework for enhancements 
necessary to better model WWF control alternatives, especially BMP and LID options. SWMM5 
enhancement needs are addressed herein through a goal of better tools for quantifying the effectiveness of 
various WWF control alternatives. The effectiveness of each control alternative constitutes essential 
input to analysis of management alternatives.   

This report is half of a larger project, “Optimization of Urban Sewer Systems during Wet-Weather 
Periods” (EPA Contract No. 68-C-01-020), to the University of Colorado (CU) and a subcontract to 
Oregon State University (OSU) dealing with the related issues of optimization and simulation of wet-
weather controls. Simulation can provide performance estimates of controls such as BMPs and LIDs that 
can be coupled to analytical tools to optimize life-cycle costs of capital and O&M investments as well as 
overall performance, e.g., as measured by effluent characteristics, amount of runoff treated, etc.  The issue 
of performance measures will be discussed in detail in subsequent chapters.   

A companion report (Heaney and Lee 2005) deals with the optimization efforts.  This report deals with 
the simulation component of the project.  It is based in part upon unpublished progress reports during the 
course of the project as well as OSU master’s project reports by Cannon (2002) and Stouder (2003).   

1.3 FUNDAMENTAL PROCESS CATEGORIES AND URBAN BMPS 
A fundamental process is essentially the same as a unit process in environmental engineering (Metcalf 
and Eddy 2003). There is no single universal list of fundamental process categories (FPCs); Minton 
(2002) provides a useful taxonomy, oriented toward stormwater treatment.  Common structural BMPs are 
grouped by nine FPCs in Table 1-2, but alternatives are possible, and one BMP may fall under different 
FPCs. 

Similarly, there are many types of BMPs.  Modelers interested in describing BMP effectiveness may wish 
to model BMP types (typical swale or pond), or instead model the fundamental processes that occur in a 
BMP (sedimentation, infiltration, etc.).  For purposes of this investigation, representative structural 
stormwater BMPs are listed in Table 1-3, adapted from a taxonomy prepared by the Minnesota Pollution 
Control Agency (http://www.pca.state.mn.us/water/pubs/sw-bmpmanual.html).  This list is one of many 
from similar sources that could be used. 

If modeling BMP by type, a method for determining performance parameters must be described.  This 
may be done by investigating BMP effectiveness as reported, for instance, in the EPA/ASCE BMP 
Database (http://www.bmpdatabase.org/) and applying similar effectiveness measures to the model.  This 
leads to many questions about measuring and reporting BMP performance.  Modeling BMPs by 
simulation of FPCs requires extensive data on stormwater treatability as well as site and design 
descriptions, and raises issues about data availability.  As will be described in this report, most BMPs are 
modeled by a heuristic combination of FPC simulation and empirical performance measures.   
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Table 1-2. Structural BMPs categorized by fundamental unit processes. Adapted from: BMP manual 
http://www.pca.state.mn.us/water/pubs/swm 
Process Definition BMP 
Sedimentation Gravitational settling of suspended particles 

from the water column.  It can be a major 
mechanism of pollutant removal in BMPs 
because pollutants often adsorb to particulate 
matter, especially clay or organic soils.  
Detention systems intercept runoff for gradual 
release later.  Most are designed to empty 
between events and treat water quantity rather 
than quality. These systems can provide 
limited settling, which can often be 
resuspended with a subsequent event. 

Dry pond, wet pond, 
other basin, small storage 
devices, wetland, 
underground pipes, 
vaults, tanks 

Flotation Separation of particulates with a specific 
gravity less than water.  Trash, Styrofoam, oil 
and hydrocarbons can be removed from BMPs 
designed with an area for these to accumulate.  

Oil-water separators, 
density separators, 
dissolved-air flotation 

Filtration Filtration devices remove particulates by 
passing water through a porous medium like 
sand, gravel, soil, peat, compost, or 
combinations thereof.   

Trash racks, bar racks, 
screens, sand filters, 
compost filters, 
vegetation and soil, may 
be part of filtration 
systems.  Modular or 
drop in filter systems 

Infiltration Infiltration systems capture runoff and provide 
a means of infiltration into the ground.  
Infiltration is the most effective means of 
controlling storm water runoff because it 
reduces the volume discharged to receiving 
waters. Filtration by soil removes TSS and 
associated pollutants, and dissolved nutrients 
are removed by adsorption. 

Infiltration basins, porous 
pavement, infiltration 
trenches or wells, ponds, 
constructed wetlands 

Adsorption Contaminants are bound (to clay particles or 
macrophytic vegetation).  Adsorption is not a 
common mechanism used in stormwater 
BMPs, although it can occur in infiltration 
systems with clayey soils, in organic filters, or 
in wetland systems. 

Infiltration systems with 
clay soils, adsorption to 
macrophytes in 
constructed wetlands, 
compost filters 
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Table 1-2 (concluded) 

Biological Uptake and 
Conversion 

Biological uptake is an important nutrient 
control mechanism in BMPs treating urban 
runoff that typically contains high levels of 
nutrients. This occurs as aquatic plants and 
microorganisms utilize nutrients for growth. 
Maintenance and harvest of these plants is 
essential, otherwise as plants die and decay,  
they re-release nutrients.  Biological 
conversion happens when microorganisms and 
bacteria break down organic contaminants into 
less harmful compounds.  

Pond, bioswale, wetland 

Chemical Treatment Chemicals such as alum are added to promote 
flocculation and settling. Chlorine disinfection 
is sometimes used to treat combined sewer 
overflows. 

Precipitation, 
flocculation, disinfection 

Degradation (volatilization, 
hydrolysis, photolysis) 

Degradation happens in open pool BMPs 
where contaminants volatilize, hydrolyze or 
photolyze.  

Pond, wetland, open pool 
BMPs 

Hydrodynamic Separation Varies by device. Swirl concentrators, 
secondary current 
devices, oil-water 
separators 

Combination (Retention) Retention systems hold and treat runoff until 
displaced by another volume of water.  These 
can be very effective in treating both quality 
and quantity of runoff.  Several processes can 
occur, such as sedimentation, filtration, 
infiltration, biological uptake, conversion and 
degradation. 

Wetlands, bioswales 
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Table 1-3. Representative structural stormwater BMPs.* 

BMP Definition 
Bioretention Facilities 
(constructed wetlands, 
wetland basins and 
wetland channels) 

Similar to other facilities (pond, basin or channel) with more than 50% of its 
surface or bottom covered by emergent wetland vegetation.  A wetland channel 
is a channel designed to flow very slowly, probably less than 2 ft/s at the 2-year 
flood peak flow rate.  It has, or is designed to develop, dense wetland vegetation 
on its bottom. 

Dry Wells 
Dry wells are drilled often through impervious layers to reach lower pervious 
layers, filled with porous media designed to percolate surface water to 
groundwater. 

Filter Strips 

Grass filter strips, sometimes called bio-filters, bioswales, or buffer strips, are 
vegetated areas designed to accept sheet flow provided by flow spreaders, which 
accept flow from an upstream development.  Vegetation may take the form of 
grasses, meadows, forests, etc.  The primary mechanisms for pollutant removal 
are filtration, infiltration, and settling. 

Grass Swales 
A swale, sometimes also called a bio-filter or bioswale, is a shallow grass-lined 
channel with little bottom width, designed for shallow flow near the source of 
storm runoff. 

Ponds 

Retention ponds are also commonly known as “wet ponds” because they have a 
permanent pool of water, unlike detention basins, which dry out between storms. 
The permanent pool of water is replaced in part or in total by stormwater during 
a storm event.  The design is such that any runoff captured during a storm event 
is released over time.  The hydraulic residence time (HRT) for the permanent 
pool over time can provide biological treatment.  A dry-weather base flow, pond 
liner and/or high groundwater table are required to maintain the permanent pool. 

Cisterns Rain barrels or cisterns act as storage devices and retain a portion of runoff for 
later use, such as irrigation or use as grey water. 

Infiltration Trenches 

Percolation or infiltration trenches can generally be described as ditches filled 
with porous media designed to encourage rapid percolation of runoff to the 
groundwater. An infiltration basin can capture a given stormwater runoff 
volume and infiltrate it into the ground, transferring this volume from surface 
flow to groundwater flow. 

Extended Detention 
(ED) 

ED dry basins are designed to completely empty at some time after stormwater 
runoff ends. These are adaptations of the detention basins used for flood 
control. The primary difference is in outlet design; the extended detention basin 
uses a much smaller outlet that extends the detention time for more frequent 
events in order to facilitate pollutant removal.  The term “dry” implies that there 
is no significant permanent water pool between storm runoff events.  Multiple 
uses (e.g., recreation) are possible for land occupied by ED facilities.  
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Table 1-3. (concluded) 

Porous Pavement 

Modular-block porous pavement is composed of perforated concrete slab units 
underlain with gravel.  The surface perforations are filled with coarse sand or 
sandy turf.  It is used in low traffic areas to accommodate vehicles while 
facilitating stormwater runoff at the source.  The units should be placed in a 
concrete grid which restricts horizontal movement of infiltrated water through 
the underlying gravels.  
Poured-in-place porous concrete or asphalt is generally placed over a substantial 
layer of granular base.  The pavement is similar to conventional materials, except 
for the elimination of sand and fines from the mix.  If infiltration to ground water 
is not desired, a liner may be used below the porous media along with a 
perforated pipe and a flow regulator to slowly drain the water stored in the media 
over a 6 to 12 hour period. 

Hydrodynamic Device 
These devices are BMPs such as oil-water separators, sand interceptors, swirl-
type concentrators, sedimentation vaults, and other prefabricated and package-
type treatment devices. 

*BMP definitions are from the ASCE BMP database: website, www.bmpdatabase.org 

1.4 CURRENT BMP APPROACHES 
Traditional stormwater controls have strongly emphasized large spatial scales for flood and water-quality 
analyses.  Runoff volume is usually the most important hydrologic parameter in water quality studies, 
while peak flow rate and time of concentration are usually the most important hydrologic parameters for 
flooding and drainage studies.  The relationships between these different hydrologic parameters and storm 
parameters are significantly different for different classes of rains.  Runoff models for water quality 
investigations should therefore have additional capabilities beyond those of runoff models for flooding 
and drainage investigations.   

Common, small storms (also termed “micro-storms” in the literature) are responsible for most of the 
annual urban runoff discharge quantities throughout North America (Heaney et al. 1977, EPA 1983, Pitt 
1987, WEF and ASCE 1998, Wright et al. 2000).  However, some existing urban runoff models originate 
from drainage and flooding evaluation procedures that emphasize very large design storms (several inches 
in depth). These large storms only contribute small portions of the annual average discharges. Several 
authors have suggested that stormwater quality can be managed by treating the flows associated with 
small storms (Heaney et al. 1977, EPA 1983, WEF and ASCE 1998, Wright et al. 2000, Pitt and 
Voorhees 2000, Sample et al. 2001).  These storms occur many times a year and are responsible for the 
majority of the pollutant discharges.  Runoff from about 70 to 80% comprises these frequent discharges 
of the annual precipitation onto urban areas, the effects of which are mostly chronic in nature (such as 
contaminated sediment and frequent high flow rates).  Pitt and Voorhees (2000) use the breakdown 
bulleted below for various storms.  It should be noted that relationships between depth and cumulative 
percentages vary regionally (Heaney et al. 1977, WEF and ASCE 1998).  

• Frequent storms having relatively low pollutant discharges are associated with depths of less than 0.5 
in. (12 mm). These are key events in which runoff-associated water quality violations, such as for 
bacteria, are of concern.  In most areas, runoff from these rain storms should be totally captured and either 
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re-used for on-site beneficial uses or infiltrated in upland areas.  For most areas, the runoff from these 
rains is relatively easy to remove from the surface drainage system. 

• Rains between 0.5 and 1.5 in. (12 and 38 mm) are responsible for about 75% of the nonpoint source 
pollutant discharges and are key rains in terms of addressing mass pollutant discharges.  The small rains 
in this category can also be removed from the drainage system and the runoff re-used on site for 
beneficial means or infiltrated to replenish the lost groundwater infiltration associated with urbanization.  
The runoff from the larger rains should be treated to prevent pollutant discharges from entering the 
receiving waters. 

• Rains greater than 1.5 in. (38 mm) are associated with drainage design and are only responsible for 
relatively small portions of the annual pollutant discharges.  Typical storm drainage design events fall in 
the upper portion of this category.  Extensive pollution control designed for these events would be very 
costly, especially considering the relatively small portion of the annual runoff associated with the events.  
However, discharge rate reductions are important to reduce habitat problems in the receiving waters.  The 
infiltration and other treatment controls used to handle the smaller storms in the above categories would 
have some benefit in reducing pollutant discharges during these larger, rarer storms. 

• In addition, extremely large rains also occur infrequently that exceed the capacity of the drainage 
system and cause local flooding.  Two of these extreme events were monitored in Milwaukee during the 
Nationwide Urban Runoff Program, NURP (EPA 1983). Such storms, while very destructive, are 
sufficiently rare that the resulting environmental problems do not justify the massive stormwater quality 
controls that would be necessary for their reduction. The problem during these events is massive property 
damage and possible loss of life.  These rains typically greatly exceed the capacities of the storm drainage 
systems, causing extensive flooding. 

This interest in smaller storms requires modeling approaches that can properly account for losses 
(hydrologic abstractions such as infiltration, depression storage, and evapotranspiration) for low rainfall 
depths. SWMM is one such model with this capability.  However, as noted elsewhere in this report, even 
though SWMM provides the option for vadose zone simulation, interaction with subsurface hydrologic 
processes could be improved with respect to the overall water balance.  Alternatively, better opportunities 
to interface with subsurface models could be provided.   

The micro-scale (spatially) is defined as a fundamental hydrologic unit, that is, a sub-parcel of an 
individual tract of land. A sub-parcel could be a roof, sidewalk, grass lawn, driveway, garden, or other 
landscape area. LID, also known as hydrological source control, is based on reducing hydrologic impacts 
and incorporating micro-scale BMPs throughout the subcatchment (Prince George’s County 2000). 
Reducing runoff by incorporating storage and infiltration onsite improves the quality and reduces the 
quantity of runoff produced by a developed site. 

The LID philosophy is that runoff controls based on the micro-scale may be an important component of a 
stormwater management plan, and stormwater control at the micro-scale may effectively mitigate the 
effect of urban areas within the long-term hydrologic cycle.  While not a panacea (Strecker 2001), this 
volume-based approach to management of runoff has great potential to reduce the runoff volume, 
sediment loads, and floatables that can reach receiving waters.  By reducing runoff (and hence the 
associated pollutants) municipalities stand to substantially reduce the estimated billions of dollars 
associated with pollution abatement from WWF.   

One question is whether the existing stormwater models designed for drainage and flood control can be 
adapted for evaluating these small-storm events at the sub-parcel scale.  Flood design is usually based on 
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a single design event. However, there are no accepted criteria for selecting a design small-storm.  Rather, 
the appropriate strategy should incorporate continuous simulation over multiple years so that the 
integrated behavior of the system can be evaluated over all of the storms that can be the dominant source 
of water onto pervious areas.  SWMM is one such model with this capability; others are discussed in 
Chapter 5. 

1.5 SUMMARY OF CURRENT SWMM BMP SIMULATION CAPABILITIES 
The heart of the research described herein has been to document SWMM capabilities needs with regard to 
BMP and LID simulation.  The current SWMM (version 4.4h) as well as previous versions are each 
divided into four primary computational “blocks” or “modules”: Runoff (converting rainfall to runoff and 
generating nonpoint source runoff quality), Transport (kinematic wave flow routing and water quality 
routing through conveyances and storage), Extran (dynamic wave flow routing), and Storage/Treatment 
(S/T) (treatment and storage devices).  The object-oriented SWMM5 will not refer to “blocks” but rather 
to hydrologic, hydraulic, and other descriptive “objects” such as watersheds, channels, storages, land use, 
etc. To set the stage for the report that follows, capabilities and limitations of the current (SWMM4.4h 
and SWMM5) model have been identified and are summarized in Table 1-4 (Huber 2001b).  Reference is 
made in Table 1-4 to the four SWMM blocks just described.   

The implications of Table 1-4 are: 
1.	 Storage is well simulated in any of the four current SWMM blocks, although the Runoff Block offers 

the least flexibility. 
2.	 The S/T Block offers the most flexibility in terms of mimicking conventional and high-rate treatment 

devices, e.g., for combined sewers.   
3.	 Removal fractions (applied to incoming loads) may be used for Runoff Block overland flow segments 

and Transport Block channel/pipes. 
4.	 First-order decay may be applied in the Runoff, Transport, and S/T Blocks.  
5.	 Settling velocities may be used in the Transport Block to simulate sedimentation (but no related 

effects, such as build-up of solids or resuspension). 
6.	 Particle size ranges (or settling velocity ranges) can be tracked through the current Runoff and 

Transport Blocks as separate constituents.  However, there is no linkage with the S/T Block, which 
provides the most sophisticated sedimentation routines, including application of Camp’s (1946) 
sedimentation theory to up to five settling velocity ranges.   

7.	 Overland flow rerouting options inherent in LID can be simulated in the Runoff Block, although one 
subcatchment per surface type might be necessary.  SWMM can be applied at the parcel (individual 
lot) level on the basis of the modeling shown in this report.   

8.	 Infiltration from channels is not simulated, except artificially, e.g., by an imposed “negative 
hydrograph” or through monthly evaporation.  

9.	 Biological interactions (e.g., in bioswales, wetlands) may be simulated only through first-order decay 
(Runoff, Transport, S/T) and/or removal equations in the S/T Block. 

10. There are few mechanistic, fundamental treatment processes included in the SWMM model, except 
for sedimentation in the S/T Block.   
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Table 1-4. Wet-weather controls and SWMM suitability (after Huber 2001b). 
WWC Option SWMM Suitability 
Storage and Associated 
Treatment, e.g., Ponds 

Simulation of most storage options, with several options for 
hydraulic controls.  Treatment by removal equations, first-order 
decay, or sedimentation.  Removal in Transport Block 
channel/pipes by first-order decay or sedimentation (constant 
settling velocity) or removal fraction applied to incoming loads.  

Screening and Filtration Simulation by removal equations. 
Chemical Treatment, 
Chlorination 

Simulation by removal equations. 

Wetlands, Bioretention Simulation to the extent that wetland or biological channel behaves 
like a storage device. 

Source Controls Simulated by reduced loadings. 
Street Cleaning Simulated directly through removal fractions or by reduced 

loadings. 
Cisterns Can divert water to storage but cannot arbitrarily retrieve it. 
Dry Wells Can divert water to well, but it then goes “out of simulation” 

unless tracked using groundwater options. 
Overland Flow, Swales, 
Infiltration, Porous Pavement, 
Filter Strips 

Simulation in Runoff Block only.  Optional quality removal by 
first-order decay or removal fraction applied to incoming load. 
Infiltrating water carries pollutants with it.  

Infiltration Trench Can simulate infiltration from overland flow “trench” in Runoff.  
Maintenance, e.g., Sewer 
Flushing 

Simulation by reduced loading, with simplistic option for sediment 
scour/deposition in Transport Block. 

Illicit Connection Removal Simulation through modification of drainage system connectivity. 
Inlet Constrictions Hydraulic control, simulated in Extran Block. 
Real-Time Control Orifice and weir settings in Extran can be controlled as function of 

time and/or head changes. 

Within this report, modeling concepts and, where appropriate, mathematical formulations are identified 
for viable BMP/LID alternatives that have been identified as missing from SWMM (Table 1-4).  The 
effort to prepare this information is based on the assumption that such formulations are, in fact, available, 
which has not always been born out.  Generally, BMP alternatives include (Table 1-3): storage (ponds, 
dry detention), bioretention facilities, infiltration trenches, grassed swales, filter strips, dry wells, cisterns, 
and hydrodynamic devices.  Some theoretical and/or heuristic processes/equations that are based on state-
of-the-engineering knowledge and information are proposed for possible inclusion in SWMM – probably 
in version 5 (SWMM5).  The use of some BMPs to attenuate stormwater in upland locations as LID 
options, including rain gardens and roof-top green areas, is also gaining much attention.  Necessary 
modeling parameters, e.g., soil characteristics and antecedent moisture content, which reflect local site-
specific conditions, are identified in the discussion and in the examples of Chapters 14 and 15.  SWMM 
modeling limitations for various BMP/LID alternatives are summarized in Chapter 16.  The areas that 
have been addressed include: 

•	 Spatial resolution to allow application of micro-management of flows in a residential lot (Section 
4.9). 

•	 Overland flow movement in pervious and impervious surfaces within a residential lot, and from lots 
to street gutters, swales, buffer strips, channels, and sewers (Sections 4.7 and 4.8). 
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•	 Subsurface flow movement of rainwater infiltration through unsaturated (aeration) zone and 
interaction of surface and ground waters (Chapters 8 – 11). 

•	 Routing and attenuation of pollutants in overland and subsurface flow movement considering 
subsurface adsorption, absorption, and dispersion processes (needs identified in Chapter 16). 

•	 Routing of flows and pollutants from lots to swales/street gutters/inlets/sewers (Sections 4.7 and 4.8). 
•	 Hydraulic efficiency of storage-routing for pollutant removal (Sections 6.5 and 7.8).  
•	 Runoff/storage/infiltration/treatment BMP/LID process designs (Chapters 4, 6-8). 

Generally, the first part of this report deals with BMPs and their simulation options, followed by Chapters 
14 and 15, which are devoted to two detailed case studies.  Note: generic reference to “SWMM 
capabilities” will refer to version 4.4h (April 2002) since SWMM5, which was officially released in 
October 2004, will continue to be enhanced in the future. 
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