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Disclaimer
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The information in this presentation has been reviewed and approved for public 

dissemination in accordance with the U.S. Environmental Protection Agency.  Any opinions 

expressed in this presentation are those of the author and do not necessarily reflect the views 

of the Agency, therefore, no official endorsement should be inferred.  Any mention of trade 

names or commercial products does not constitute endorsement or recommendation for use.



Introduction

Michelle Simon
BS Chemical Engineering, University of Notre Dame
MS Chemical Engineering, Colorado School of Mines
PhD Environmental Science, 

Minor Chemical Engineering, University of Arizona

Went to US EPA in 1990  - worked on Superfund Site Cleanup mostly in the 
vadose zone and groundwater

Since 2010, I worked on Storm Water Runoff

3



Questions

Are you a
Hydrologist
Engineer
Other?

Do you
Write permits
Execute permits
Other?
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Do you 
Use the rational method
Use surface water models
Other?

Are you
Government
Consultant
Operator
Other?



Outline
Introduction

TMDL, MS4, CSO Processes

Tools
Water Surface Toolbox
Training for Surface Water Models

EPA SWMM – Storm and Waste Water
Data Needs and where to get Data
Models and Results

EPA Stormwater Calculator

Discussions

5https://lgpc.ny.gov/system/files/documents/2018/08/stormwater-background-and-proposed-changes.pdf

Presenter
Presentation Notes
Hello – graduate or undergraduateDegrees?  Geology. Hydrogeology, environmental science, engineering, policy? Other?Miami – two sisters and brother went here – microbiology, accounting, architecture

https://lgpc.ny.gov/system/files/documents/2018/08/stormwater-background-and-proposed-changes.pdf


MS4 and CSO
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https://www.limno.com/p
ortfolio-posts/ms4-tmdl-
implementation-planning-
and-monitoring-for-
washington-dc/

https://www.limno.com/portfolio-posts/ms4-tmdl-implementation-planning-and-monitoring-for-washington-dc/


US Map of Regulated MS4
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https://www.epa.gov/npdes/stormwater-discharges-municipal-sources

Presenter
Presentation Notes
Phase I MS4sPhase II MS4sThe 1990 Phase I regulation requires medium and large cities or certain counties with populations of 100,000 or more to obtain NPDES permit coverage for their stormwater discharges.There are approximately 855 Phase I MS4s covered by 250 Individual PermitsThe 1999 Phase II regulation requires small MS4s in U.S. Census Bureau defined urbanized areas, as well as MS4s designated by the permitting authority, to obtain NPDES permit coverage for their stormwater discharges. Phase II also includes non-traditional MS4s such as public universities, departments of transportation, hospitals and prisons.Most of the 6,695 Phase II MS4s are covered by statewide General Permits, however some states use individual permits. There are three Watershed Permits that cover 3 Phase I and 40 Phase II MS4s.

https://www.epa.gov/npdes/stormwater-discharges-municipal-sources


Total Maximum Daily Load Tool

https://owml.vt.edu/tmdl/

Presenter
Presentation Notes
Mention WQM groupTMDLs, MS4, CSO

https://owml.vt.edu/tmdl/


FINAL ASSESSMENT SURFACE WATER MODEL 
MAINTENANCE AND SUPPORT STATUS

EPA Report   EPA/600/R-18/270 

AGNPS Aquatox BASINS
BATHTUB CE-QUAL-ICM CE-QUAL-W2
CORMIX EFDC HAWQS
HSPF LSPC QUAL2KW
SPARROW SWAT                     SWMM
SWTOOLBOX      VISUAL PLUMES WASP

and AGWA, HEC, HYDRUS, KINEROS2, MODFLOW,  iTree, etc.

Presenter
Presentation Notes
Fortran, 1980’s,developer is emeritus350 kByte machine



How SWMM, HSPF, SWAT, and WASP Relate
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WASP
HSPF

SWAT

https://cfpub.epa.gov
/watertrain/pdf/mod
ules/WshedModTools
.pdf

https://www.aquaterra.com/resources/pubs/fiftyyearwatershedconferencePrograms.php

SWMM

Presenter
Presentation Notes
https://cfpub.epa.gov/watertrain/pdf/modules/WshedModTools.pdfSWAT AgriculturalSWMM McMansion land use changeHSPF is a comprehensive, conceptual, continuous watershed simulation model designed to simulate all of the water quantity and water quality processes that occur in a watershed, including sediment transport and the movement of contaminants. Wasp helps users interpret and predict water quality responses to natural phenomena and manmade pollution for various pollution management decisions. WASP is a dynamic compartment-modeling program for aquatic systems, including both the water column and the underlying benthos. WASP allows the user to investigate 1, 2, and 3 dimensional systems, and a variety of pollutant types.

https://cfpub.epa.gov/watertrain/pdf/modules/WshedModTools.pdf
https://www.aquaterra.com/resources/pubs/fiftyyearwatershedconferencePrograms.php


EPA Training on these Models
https://www.epa.gov/waterdata/surface-water-quality-modeling-training
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https://www.epa.gov/waterdata/surface-water-quality-modeling-training


SWMM is a public domain, distributed, dynamic hydrologic - hydraulic -
water quality model used for continuous simulation of runoff quantity and quality from primarily urban areas.

What is SWMM?

Presenter
Presentation Notes
SWMM was first released in 1971 with funding from the Water Quality Office of the U.S. Environmental Protection Agency (EPA) with development led by Metcalf & Eddy, Inc., the University of Florida, and Water Resources Engineers, Inc. During the 1980’s and 90’s the model was periodically updated by the University of Florida, Oregon State University and CDM-Smith with funding and oversight provided by the EPA Research Lab, Athens, GA. In 2002 a CRADA was established between the EPA National Risk Management Research Laboratory (NRMRL) and CDM-Smith to re-write the entire SWMM computational model in object-based C and provide it with a modern graphical user interface. The result of this effort, SWMM 5, was released in 2005. NRMRL has continued to develop SWMM in-house, by adding new features such as LID modeling and making numerous other improvements.The current version of SWMM, release 5.1.012, is maintained by EPA NRMRL.Model Status The current version of SWMM (5.1.012) was released in 2017.Very popular downloaded 33,000 times last year, open source, public-domain basis of commercial products PCSWMM, XPSWMM, InfoSWMM,etc



Stakeholders - >30,000   2018 downloads

Regulators,
Communities,
Utilities,
Private industry,
Consultants,
Academia https://github.com/USEPA/Stormwater-Management-Model

Presenter
Presentation Notes
Since 2010 over 25,000 up to 35,000 downloads a year since 2010Robust, intuitive, C Delph GUI, 45,000 lines of code$B, multi-decade work based on SWMM resultsNeed to make SWMM as accurate as we can

https://github.com/USEPA/Stormwater-Management-Model


How does SWMM Model?
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SWMM is a distributed, dynamic rainfall-runoff simulation model used for 
single event or long-term (continuous) simulation of runoff quantity and 
quality from primarily urban areas.

Presenter
Presentation Notes
Focus on runoff – CSO, MS4, can be used for Urban TMDLsPCSWMM, XPSWMM, InfoSWMM etc.



 

Precipitation 

Snowmelt 

Surface 
Runoff 

Evaporation/ 
Infiltration 
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Buildup 

LID Controls 

SWMM’s Process Models
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Hydrology – Governing equations

16
SWMM Hydrology Reference Manual Equation 3-1

d =     depth (ft)
t      =     time (s) 

Presenter
Presentation Notes
Assuming that the flow across the subcatchment’s surface behaves as if  it were uniform within a rectangular channelHargreaves evaporationQ/A ft3/s/ft2



SWMM’s Conceptual Model

17

Presenter
Presentation Notes
The first component of SWMM to discuss is the subcatchment, the surface intercepting the rain.



Idealized Subcatchment
(Courtesy of Rob James, CHI Water, www.openswmm.org)
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https://www.youtube.com/watch?v=HZnX_GsABUA

Presenter
Presentation Notes
Recognize CHI Water

https://www.youtube.com/watch?v=HZnX_GsABUA


Hydraulic Model
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Presenter
Presentation Notes
Strongest Hydraulic Public Domain modelModel Status The current version of SWMM (5.1.013) was released in 2018.Very popular downloaded 33,000 times last year, open source, public-domain basis of commercial products PCSWMM, XPSWMM, InfoSWMM,etc



Continuity

20

Hydraulic Governing Equations
https://www.youtube.com/watch?v=ziWy5qbVIWo

SWMM Hydraulics Reference Manual Equation 3 - 1

Presenter
Presentation Notes
At nodes, storage units



Momentum
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Hydraulic Governing Equations 

SWMM Hydraulics Reference Manual Equation 3 - 2

Presenter
Presentation Notes
Solved at midpoint of conduit



Level of sophistication

1. Steady Flow Routing
2. Kinematics Wave Routing
3. Dynamic Wave Routing
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SWMM Hydraulics  Reference Manual Equation 3-1

Also contains Green Infrastructure

Presenter
Presentation Notes
𝐹=  𝑉   𝑔 ℎ 𝑚      F < 0.5 prevents wave actionF = 1 critical velocity = velocity of wave propagation, downstream wave cannot travel up streamDynamic wave – unsteady, gradually varied, open channel flowKinematic wave – uniform, Manning formulae, steeper wave with less dispersion and attenuation 



Green Infrastructure Subcatchment
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Presenter
Presentation Notes
Typical bioretention LID, SCM, DUD, BMPSection 6 of Water Quality Reference



Types of Low Impact Development Storm Control 
Measures that SWMM can model
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Disconnection

Infiltration Trench

Infiltration Basin

Cistern Green Roof

Rain Garden

Porous Pavement Vegetative Swale Street Planter

Presenter
Presentation Notes
These are the types of GI BMPs that can be explicitly modeled for both individual sites and large scale urban watersheds in SWMM.GO TO SWMM



Infiltration

• Horton

• Modified Horton

• Green_Ampt, Modified Green_Ampt

• Curve_Number
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Presenter
Presentation Notes
Richards equation – non linear, need soil permeability and surface tension(soil moisture) 



Water Quality - Pollutant Buildup and Wash-off
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Presenter
Presentation Notes
Mass Balance of contaminant Section 4 of Water Quality ReferenceDry buildupWet Buildup – Exponential, Rating Curve, EMC



SWMM Reference Manuals
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Also contains Green Infrastructure



SWMM Webpage
https://www.epa.gov/water-research/storm-water-management-model-swmm
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https://www.epa.gov/water-research/storm-water-management-model-swmm


SWMM Webpage, continued
• https://www.epa.gov/water-research/storm-water-management-model-swmm
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Presenter
Presentation Notes
Get EZTECH, load onto your desktop

https://www.epa.gov/water-research/storm-water-management-model-swmm


SWMM Reference Manuals

30



How to Use SWMM Tutorials
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https://swmm5.org/2017/08/14/
epa-swmm5-tutorial-with-
images-for-swmm-5-1-012/

Presenter
Presentation Notes
Bob Dickinson – InnovyzeYouTube videos



Quick Demontration of SWMM
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Presenter
Presentation Notes
Go to Desktop



Data that you need for SWMM
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Either you measure it or 
• Soil Infiltration from a Soil database (SSURGO or STATSGO)
• Land Use – Land Cover 
• (National Land Cover Dataset – NLCD)
• Climatic Data – find closest NOAA station 

• (use Stormwater Calculator)

• Site Configuration
• Subcatchment area
• Drainage flow

• Hydraulic Configuration
• Conduit geometry, length
• Network schematic



Where to get information
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https://www.epa.gov/exposure-assessment-models
https://www.nrcs.usda.gov
https://www.usgs.gov/science/mission-areas/water-resources
http://www.dynsystem.com/netstorm/cdmuswmm.htm

Gather Data
DEM and NLCD https://viewer.nationalmap.gov/basic/
Soils  - https://www.nrcs.usda.gov

SSURGO
STATGO 

Climate - NOAA National Centers for Environmental Information 
(www.ncdc.noaa.gov)

Hydrologic Unit Maps (HUC)
NRCS http://www.usda.gov/wps/portal/nrcs/main/national/water/watersheds

https://www.usgs.gov/science/mission-areas/water-resources
http://www.dynsystem.com/netstorm/cdmuswmm.htm
https://viewer.nationalmap.gov/basic/
https://www.nrcs.usda.gov/
http://www.ncdc.noaa.gov/
http://www.usda.gov/wps/portal/nrcs/main/national/water/watersheds


https://datagateway.nrcs.usda.gov
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Presenter
Presentation Notes
BASINS



Open SWMM 

https://www.openswmm.org/
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Presenter
Presentation Notes
Node to the hostA technicality – OpenSWMM is not run by U. Guelph; the SWMM-USERS listserver is maintained by the university, but OpenSWMM is run by CHI. Bill James, who started CHI and is a professor emeritus at Guelph, is still the official listserver owner. I agree that OpenSWMM is providing a great service, but a lot of what they’re doing is packaging the listserv archives. PCSWMM is a great product, but it stands on the shoulders of EPA’s 50-year investment in SWMM.

https://www.openswmm.org/
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Community Developed
Open Source



National Storm Water Calculator (SWC)

Web App

Desktop App

https://www.epa.gov/water-research/water-
research-program-webinar-series .
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Presenter
Presentation Notes
Use anywhere in the USA, includes Puerto Rico, Alaska, HawaiiGets precipitation, evaporation, soil infiltration, cost data for you 

https://www.epa.gov/water-research/water-research-program-webinar-series


National Stormwater Calculator

Displays soil properties obtained from 
querying the NRCS SSURGO database

Uses a source of long term hourly 
rainfall data from over 7000 NWS 

measurement stations

39



The user specifies the site’s land cover and selects a set of LID controls.

National Stormwater Calculator

40



Climate Component Added to Calculator

To assess how resilient source controls will be to future 
meteorological conditions

-
 changes in seasonal precipitation patterns
more frequent occurrence of high intensity storm 

events
 changes in evaporation rates

Impacts on small scale hydrology: 

Projected Changes in Annual Runoff

Global Increase in Heavy Ppt. Events

41



National Stormwater Calculator

The Calculator runs SWMM to 
generate daily rainfall/runoff 

statistics
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LID Cost Estimation Module 

Co
st

Area 43

Data from the Bureau of Labor Statistics

Presenter
Presentation Notes
The cost curves have been designed to provide a range of costs that bracket potential project costs usingthe three project design scenarios (simple, typical, or complex). Once an applicable design scenario hasbeen selected by the user, a cost range is obtained. This cost range is a necessary approach because itcommunicates to the user that there is uncertainty associated with the estimates.A simple design reports a range with the low curve value as the low end of the range and the typical curve value as theupper end of the range. A typical design similarly reports the range as the value determined from thetypical curve and complex curve values. The complex curve computes the difference between thecomplex and the typical and adds it to the complex value to produce the range representing thecomplex design scenario. The range for this scenario, therefore, has the complex curve value as thelower bound of the range and the difference between complex and typical curve values as the upperbound of the range. To facilitate the incorporation of the cost estimation procedure into the calculator,trend lines have been created for each curve and regression equations have been computed based onthe trend lines.



Conclusions

1. SWMM can calculate stormwater runoff volumes from an urban water shed

2. SWMM can calculate stormwater runoff water quality from an urban 
watershed

3. SWMM can aid in the design of hydraulic upgrades to stormwater and waste 
water systems.

4. In addition to the rational method, EPA has other surface water models for 
natural, agricultural, and other types of watersheds for MS4 permitting.

5. There are several national databases for obtaining the data necessary for 
modeling stormwater runoff. 

44
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Questions?

45
45

Presenter
Presentation Notes
https://lgpc.ny.gov/system/files/documents/2018/08/stormwater-background-and-proposed-changes.pdf
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Thank You!

Michelle Simon
U.S. EPA Office of Research and Development (ORD)

513-569-7469  Simon.michelle@epa.gov

Presenter
Presentation Notes
Paris on A Rainy Day, 1877�Gustave Caillebotte�Art Institute of Chicago

mailto:Simon.michelle@epa.gov


Extra Slides
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