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Please  see  Feb 2018 SWMM presentation  on 
https://www.epa.gov/waterdata/surface-water-quality-modeling-training 
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Presenter
Presentation Notes
Acknowledge my 2/2018 talk, Lew’s 20150225 talk, Bob Dickinson of Innovyze\XP,  Rob James CHI WaterMention SWMM and Stormwater Calculator and let people follow a long



Disclaimer 

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. But it has  been through  USEPA’s  official  

clearance  process.   Any mention of  trade names  or commercial  products  

does not  constitute USEPA or my  personal  endorsement  or  

recommendation for use. 
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Presentation Notes
I am obliged to note Bob Dickinson – Innovyze (merged with XPSWMM)CHI WATER Rob James PCSWMMBryant McDonnell EmNET



Outline 

Storm Water  Management Model 
• Definition  of SWMM 

• Fundamentals  of SWMM 

• Hydrology 

• Water Quality 

• Hydraulics 

• National Stormwater  Calculator 

• Location of National  Databases 
• Technical Support 
• Demonstration  of some  of the  Features  in  SWMM 
• Discussion & Questions  
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What is SWMM? 

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. 
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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. EPA 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 5.1.015, is maintained by EPA.Model Status The current version of SWMM (5.1.015) was released in 2020.Very popular downloaded 39,000 times last year, open source, public-domain basis of commercial products PCSWMM, XPSWMM, InfoSWMM,etc



  How SWMM, HSPF, SWAT, and WASP Relate 

https://cfpub.epa.gov/watertrain 
/pdf/modules/WshedModTools. 
pdf 

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

SWAT+ 

HSPF 

WASP 

SWMM 
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Presentation Notes
Mention seminars - https://www.epa.gov/waterdata/hawqs-hydrologic-and-water-quality-system https://www.youtube.com/watch?v=babj-cbbNUA SWAT – Soil & Water Assessment Tool - https://swat.tamu.edu/  SWAT+ April 2021HSPF – Hydrological Simulation Program –FORTRAN https://www.epa.gov/ceam/hydrological-simulation-program-fortran-hspf WASP – Water Quality Analysis Tool - https://www.epa.gov/ceam/water-quality-analysis-simulation-program-wasp

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


What is SWMM Used For? 
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Design and sizing of drainage system  
components. 

Control  of combined and sanitary sewer  
overflows. 

Modeling Inflow & Infiltration in sanitary  sewer  
systems. 

Generating non-point source pollutant loadings  
for  load allocation studies. 

Evaluating  green infrastructure for  
sustainability goals. 

Presenter
Presentation Notes
Popular – downloaded more than 39,000 times.  Listed in CSO Long Term Control Plans, MS4, TMDLsUsed for multi $B, multi decade water infrastructure upgrades



  
 

How does SWMM Model? 

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. 
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Storm Water Management Model 

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

9 

Presenter
Presentation Notes
The Storm Water Management Model (SWMM) is EPA’s flagship urban drainage and sewer model.It is the hydrology engine for the stormwater calculator.

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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Presentation Notes
Get EZTECH, load onto your desktop

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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Get EZTECH, load onto your desktop

https://www.epa.gov/water-research/storm-water-management-model-swmm
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 Plus LID Modules 
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SWMM Reference Manuals 

15 



Use the SWMM Tutorial’s 

https://swmm5.org/2017/ 
08/14/epa-swmm5-
tutorial-with-images-for-
swmm-5-1-012/ 
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Presentation Notes
Bob Dickinson – InnovyzeYouTube videos



Demonstration of SWMM 

• Walk  through governing equations 
—Hydrology 
—Low  Impact Development 
—Water Quality 
—Hydraulics 

• Then Stormwater Calculator 

• Demonstrate SWMM 
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 SWMM’s Conceptual Model 
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Presenter
Presentation Notes
The first component of SWMM to discuss is the subcatchment, the surface intercepting the rain.



 Hydrology – Governing equations 
Reference Manual I Chapter 3 

Hydrology Reference  Manual  Equation  3-1 (modified) 
19 

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



LID Modeling in SWMM 
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Green Infrastructure Subcatchment 
Reference Manual III Chapter 6 
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Presentation Notes
Typical bioretention LID, SCM, DUD, BMPSection 6 of Water Quality Reference



More Green Infrastructure 
Subcatchments 

Green Roof Permeable Pavement 

Roof Disconnection 
22  Vegetative Swale 

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



Types of  LIDs Modeled 

Disconnection Infiltration Basin Bioretention and Rain Garden 

Cistern Infiltration Trench Green Roof 

Porous Pavement Vegetative Swale Street Planter 
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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.



 
Pollutant Buildup and Wash off 

Reference Manual III Chapters 3 and 4 
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Presenter
Presentation Notes
Mass Balance of contaminant Section 4 of Water Quality ReferenceDry buildupWet Buildup – Exponential, Rating Curve, EMC



 National Stormwater Calculator 
https://www.epa.gov/water-research/national-stormwater-calculator 

25 

Presenter
Presentation Notes
The Stormwater Calculator is a simple to use tool that will estimate the runoff produced by a site under a given set of development conditions and Low Impact Development controls. It accesses national soils, rainfall, and climatic databases to provide the data on which it bases its runoff estimates. The calculator was created to help support the development of EPA National Stormwater Rule.



 
 

National Stormwater Calculator 
Provides soil data 

Displays soil properties obtained from  
querying the NRCS SSURGO  database 
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Land Use 
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Provides long term hourly rainfall 
data from over 7000 NWS 

measurement stations 

Climatology 
Reference Manual  I Chapter 2 
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Presenter
Presentation Notes
Currently Data goes from 1970-2006 – updating to 2020 this summer



      

National  Stormwater Calculator 
LID Calculation 

The user specifies the site’s land cover and selects a set of LID controls. 
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National Stormwater Calculator 
The Calculator  runs SWMM to  generate daily  rainfall/runoff statistics. 



National Stormwater Calculator 
The Calculator  can provide ballpark costs. 
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National  Stormwater Calculator 
Climate Change 
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SWMM-CAT 



Pulling  the Hydrology  of SWMM 
together 
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Idealized Subcatchment – 
Reference Manual I   Sections  3 
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Green – increase infiltration



Idealized Subcatchment 
(Courtesy of Rob  James, CHI Water) 

https://www.youtube.com/watch?v=HZnX_GsABUA 
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Presentation Notes
Reference Manual 1 section 3.5Typically the wet time step will be an integer fraction of the rainfall interval. Five-minute rainfall might have wet time steps of 1, 2.5 or 5.0 min, for example. If the wet time step is not an integer fraction of or is larger than the rainfall interval, SWMM will automatically reduce the time step so that the rainfall intensity remains constant over the adjusted time step. A smaller wet time step would be desirable when the subcatchment is small and the time of concentration is a fraction of the rainfall interval. When using 1-hour rainfall, wet time steps of 10 min, 15 min or longer can be used by the model, unless subcatchments are very small. The key concept is that the wet step should be less than or equal to the response time of a subcatchment. Time of concentration, tc, is one measure of response time (Eagleson, 1970; Bedient et al., 2013); hence, the wet step should be no greater than tc. For subcatchments of a few to several acres, wet steps of 1 to 5 min or longer should suffice. But for simulation of very small rain gardens or runoff from individual roofs onto lawns, for instance, values less than 1 min might be necessary. The latter situation could be encountered when simulating low-impact development (LID) options.

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


 Subcatchments – Reference Manual I Section 3 
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 Mix of Infiltration Methods 
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LID Controls 
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 Water Quality – see Reference Manual III 
and User’s Manual 
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SWMM Demonstration 

Getting started with SWMM following the  User’s  
Manual Chapter 2 Tutorial 
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 Export Map from ArcGIS 
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Export Map from ArcGIS 



44 



Map 

https://www.openswmm.org/To 
pic/27275/how-to-import-a-
georeferenced-swmm-
backdrop-with-world-
coordinates-from-an-arcgis-
map-into-swmm 
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https://www.openswmm.org/To


Project Defaults – see User’s Manual Chapter 2 
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Set project defaultsUse metric or American standard



Project Defaults – see User’s Manual Chapter 2 
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Set project defaultsUse metric or American standard



Options 
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Subcatchment tcTime steps



  Climatology – See Manual I Section 2.2 
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Rain Gage 

Precipitation 
Measure 
Download from NOAA 
SWC 
BASINS Weather Processor 

Evaporation 
Hargreaves 
PET 
SWC 

Climate Change 
SWMM-CAT 
SWC-CAT 
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Presentation Notes
SWMM Reference Manual I page 31For detailed simulation of large cities, radar rainfall data are very useful. Commercial firms specializing in provision of radar rainfall values may be able to place highly spatially and temporally variable rainfall data into a time series format easily input to SWMM (e.g., Hoblit and Curtis, 2002; Meeneghan et al., 2002, 2003; Vallabhaneni, 2002). Radar data are spatially averaged over uniform grid cells of 1 km2 or larger and therefore each cell would cover a number of runoff subcatchments. In this case one could simply use a separate Rain Gage object for each grid cell that overlaps the study area, and assign the nearest cell as the subcatchment’s source of rainfall data. A more sophisticated approach is to define a separate Rain Gage for each subcatchment along with a weighting matrix W whose entries wij represent the fraction of area from subcatchment i that is contained in grid cell j. Then at any time t the vector of subcatchment rainfalls It would equal the vector of cell rainfall values Rt multiplied by the weighting matrix W. These data for each time period could be placed in a standard SWMM user-prepared rainfall file for direct use by SWMM (see below). 



 EPA BASINs Weather Processor Tool 
https://www.epa.gov/ceam/basins-download-and-installation 
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Hargreaves evaporation

https://www.epa.gov/ceam/basins-download-and-installation


   
  

Most Common Format of Precipitation file 
See Reference Manual I Chapter 2 
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Unit Hydrograph 
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 SSOAP 

https://www.epa.gov/water-research/sanitary-sewer-overflow-analysis-and-planning-ssoap-toolbox 
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https://www.epa.gov/water-research/sanitary-sewer-overflow-analysis-and-planning-ssoap-toolbox


 How SSOAP works 
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Data that you need for SWMM 

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 
— BASINS Weather Processor Tool 

• Site Configuration 
— Subcatchment area 
— Drainage flow 

• Hydraulic Configuration 
— Conduit geometry, length, material 
— Network schematic 
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https://datagateway.nrcs.usda.gov/ 
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Technical Support - Open SWMM 
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https://www.openswmm.org/ 



Technical Support - Open SWMM 
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https://www.openswmm.org/ 



SWMM Applications Manual 
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 

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


  

EPA Water  Modeling Workgroup Webpage:  

https://www.epa.gov/waterdata/surface-
water-quality-modeling-training 

Subscribe  to EPA Office  of Water Updates 

Get on our email list here: 

https://www.epa.gov/aboutepa/about-
office-water 

Presenter
Presentation Notes
Last slide

https://www.epa.gov/aboutepa/about-office-water
https://www.epa.gov/waterdata/surface-water-quality-modeling-training


Thank You! 

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

513-720-2970   Simon.michelle@epa.gov 
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SWMM Hydrology Results – 
from SWMM User’s Manual Tutorial 
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Hydraulic Model 
Reference Manual II 
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 Continuity equation at node 

𝐻𝐻𝑡𝑡+Δ𝑡𝑡 = 𝐻𝐻𝑡𝑡 + Σ𝑄𝑄𝑡𝑡Δ 𝑡𝑡⁄𝐴𝐴𝑆𝑆𝑡𝑡 
where 

Ht+Δt = hydraulic head at next time step (ft) 
Ht = hydraulic head at beginning of simulation (ft) 
Qt = flow rate (ft3/sec) 
Δt = time (sec) 
Ast = surface area of node (ft2) 
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Governing Equations  

Conservation of Momentum in a conduit 

where 

Qt = flow rate (ft3/sec) 
t = time (sec) 
g = gravitational constant (32.2 ft/sec2) 
H = hydraulic head (ft) 
x = length (ft) 
A = surface area of conduit (ft2) 
Sf = slope (ft/ft) 
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Level  of Sophistication 

Level of Sophistication 
—Steady Flow R outing 
—Kinematics Wave Routing 
—Dynamic Wave Routing 
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Kinematic Wave 
Reference Manual II Chapter 4 

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

Cannot have 
• Looped networks 
• Backwater effects 
• Pressure-flow conditions 

𝜕𝜕𝑄𝑄 

𝜕𝜕𝑡𝑡 
= 𝑔𝑔𝐴𝐴 

𝜕𝜕𝐻𝐻 

𝜕𝜕𝑥𝑥 
+ 𝑔𝑔𝐴𝐴𝑆𝑆𝑓𝑓 
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https://www.youtube.com/watch?v=ziWy5qbVIWo


SWMM - Manning Equation 
Open Channel Flow 

Q  = flow rate  (ft3/sec) 
A = cross  sectional area (ft2) 
R = hydraulic radius (ft) 
S = slope (ft/ft) 
n = Manning roughness coefficient (-) 
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Presenter
Presentation Notes
WikipediaThe Manning formula is an empirical formula estimating the average velocity of a liquid flowing in a conduit that does not completely enclose the liquid, i.e., open channel flow. However, this equation is also used for calculation of flow variables in case of flow in partially full conduits, as they also possess a free surface like that of open channel flow. All flow in so-called open channels is driven by gravity. It was first presented by the French engineer Philippe Gauckler in 1867,[1] and later re-developed by the Irish engineer Robert Manning in 1890.[2]



Dynamic Wave Routing 
Reference Manual II Chapter 3 

Used for 
• Branched or looped networks 
• Backwater due  to tidal or other conditions 
• Free-surface flow 
• Pressure flow or surcharge 
• Flow reversals 

𝜕𝜕𝑄𝑄 

𝜕𝜕𝑡𝑡 
= 
𝜕𝜕 ⁄𝑄𝑄2 𝐴𝐴 

𝜕𝜕𝑥𝑥 
+ 𝑔𝑔𝐴𝐴 

𝜕𝜕𝐻𝐻 

𝜕𝜕𝑥𝑥 
+ 𝑔𝑔𝐴𝐴𝑆𝑆𝑓𝑓 
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Pipes with Circular Force 

Main Cross sections 

Q =  flow rate 
g =  gravity acceleration 
f = Darcy-Weisbach friction factor 
A = cross sectional  area 
R =  hydraulic  radius 
S = slope 

Hazen-Williams  Darcy-Weisbach 

Q =  flow rate 

C  =  Hazen  Williams C-factor 

A = cross sectional  area 

R =  hydraulic  radius 

S = slope 
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Hydraulics Nodes 
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Hydraulics - Links 
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Hydraulic Link – Reference Manual II 
Pumps, Orifices, Weirs, Outlets 
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 SWMM User’s Manual 
Tutorial Example 

76 



Results – from SWMM User’s Manual  
Tutorial Example 
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 Graph – from SWMM User’s Manual 
Tutorial Example 
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  Profile – from SWMM User’s Manual 
Tutorial Example 
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Viewing Results on a Map – SWMM Tutorial 
Example 
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Question – Inverted Siphon 

https://www.lmnoeng.com/Channels/InvertedSiphon.php - diagram 
81 

Presenter
Presentation Notes
RA: Can SWMM model an inverted siphon?Mitch Heineman: SWMM can model inverted siphons. These are very common in urban collection systemshttps://www.lmnoeng.com/Channels/InvertedSiphon.php Inverted siphons (also called depressed sewers) allow stormwater or wastewater sewers to pass under obstructions such as rivers. Our inverted siphon calculation allows up to five parallel siphons to go under the river. Unlike the main sewer pipe, the siphon pipes flow under pressure and must have flow velocities greater than 3 ft/s (0.9 m/s) to keep material suspended. Therefore, several siphons having smaller diameters than the main sewer may be required. The calculation computes siphon diameters (or siphon flows), velocities, inlet chamber wall heights, and siphon invert elevations

https://www.lmnoeng.com/Channels/InvertedSiphon.php


Questions? 
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Summary 

Storm Water Management Model 
• Basics of SWMM 

• Processes Modeled by  SWMM 
• Demonstration  of SWMM 
• National Stormwater Calculator 
• Location  of Data 
• Technical Support 
• Discussion  & Questions 
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Data you need for SWMM 

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 
— BASINS Weather Processor Tool 

• Site Configuration 
— Subcatchment area 
— Drainage flow 

• Hydraulic Configuration 
— Conduit geometry, length, material 
— Network schematic 
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https://datagateway.nrcs.usda.gov/ 
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https://www.mrlc.gov/viewer/



Technical Support - Open SWMM 
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https://www.openswmm.org/ 



Technical Support - Open SWMM 
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https://www.openswmm.org/ 



 

 

 

   

   

 

 

Key Websites discussed 

Storm Water Management Model: 
https://www.epa.gov/water-research/storm-water-management-model-swmm 

National Stormwater Calculator Website: 
https://www.epa.gov/water-research/national-stormwater-calculator 

Water Research Program Webinar Series Website: 
https://www.epa.gov/water-research/water-research-program-webinar-series 

USGS’s online Seamless Data Warehouse: 
https://datagateway.nrcs.usda.gov 

YouTube Tutorials: 
https://www.youtube.com 

Openswmm: 
https://www.openswmm.org/ 
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https://www.epa.gov/water-research/storm-water-management-model-swmm
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https://www.epa.gov/water-research/water-research-program-webinar-series
https://datagateway.nrcs.usda.gov/
https://www.youtube.com/
https://www.openswmm.org/


     
  

Thank You! 

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

513-720-2970 Simon.michelle@epa.gov 
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EPA Water Modeling 
Workgroup 
Webpage: 

https://www.epa.gov/waterdata/surface-
water-quality-modeling-training 
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Last slide

https://www.epa.gov/waterdata/surface-water-quality-modeling-training


 

  

Subscribe to EPA 
Office of Water 
Updates 

Get on our email list here: 
https://www.epa.gov/aboutepa/about-

office-water 
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