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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.



How SWMM, HSPF, SWAT, and WASP Relate

https://cfpub.epa.gov/w
atertrain/pdf/modules/
WshedModTools.pdf

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



Hydraulic Model
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What is SWMM Used For?

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.

Flood plain mapping of natural channel systems.




Demonstration of SWMM

* Walk through
— Hydrology
— Hydraulics
— Water Quality
— Low Impact Development

e Then Stormwater Calculator



SWMM'’s Conceptual Model

% Subcatchment
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Idealized Subcatchment

(Courtesy of Rob James, CHI Water)

Subcatchment parameters

» Parameters may be
averaged (lumped) over
a coarse number of
subcatchments

= £ * Or further sub-divided

, g (distributed) into a finer
= =2 3\ number of

= subcatchments

https://www.youtube.com/watch?v=HZnX GsABUA
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Hydrology — Governing equations

ad _
Frimid +i—e—f—q
where:
r = rate of upstream runon (ft/s)
i = rate of rainfall + snowmelt (ft/s)
e = surface evaporation rate (ft/s)
f = mfiltration rate (ft/s)
g = runoff rate (ft/s).

Note that the fluxes i, ¢, £ and g are expressed as flow rates per unit area (cfs/ft* = fi/s).

Hydrology Reference Manual Equation 3-1 (modified)
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Hydraulic Governing Equations

* Continuity
dA 0
dt Odx

Divider Outfall

Orifice
Storage Unit
where Pump
x = distance (f1)
t = fime (sec)
o 2
A = flow cross-sectional area (ft°)
Q = ftlow rate (cfs)
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Governing Equations

* Momentum

dQ d(Q /A) 0H

dt

+ gA—+ gAS =0
dx gdng

hydraulic head of water in the conduit (Z + Y) (ft)
conduit invert elevation (ft)

conduit water depth (ft)

friction slope (head loss per unit length)
acceleration of gravity (ft.f’secz)
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SWMM - Manning Equation

1.49

mn

Q = AR 2/3 S 10

Q = flow rate

A = cross sectional area

R = hydraulic radius

S =slope

n = Manning roughness coefficient
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Pipes with Circular Force

Main Cross sections

Hazen-Williams Darcy-Weisbach
0=1318CAR"™ §** 0= 88 (pingir
Q= flow rate Q = flow rate

illi = gravi leration
C = Hazen Williams C-factor & - 8ravity acceleratio

f = Darcy-Weisbach friction factor

A = cross sectional area .
A = cross sectional area

R = hydraulic radius R = hydraulic radius

S = slope S =slope
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Pollutant Buildup and Wash off

Wponded = Quyt cponded

Qi Cponded

Wout = Wocnted + Wensinon

e = |
e Buildup
w.

washoff
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Green Infrastructure Subcatchment
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More Green Infrastructure
Subcatchments

Green Roof

Rogys s urty
Ce

Overflow ¢/ Dl

Roof Disconnection

) Surface

7

Pavement %
Sand*

Storage B__'_* Drain*

J L *Optional

Permeable Pavement

Vegetative Swale
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Types of LIDs Modeled

Infiltration Trench

Porous Pavement Vegetative Swale Street Planter
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Storm Water Management Model

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

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

Software

Date Description

02/18/2020 Self-Extracting Installation Program for SWMM 5.1.014 (EXE) (31 MB)

12/11/2014 SWMM-CAT Download Version 1 (4 MB)

Utility for converting SWMM 4 data files to SWMM 5 files (EXE) Version
1.2 (2mB)

05/25/2005
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SWMM Webpage, continued

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

Documentation

Date Title

09/30/2015 SWMM 5.1 User’s Manual

09/01/2014 SWMM-CAT User's Guide

01/29/2016 SWMM Reference Manual Volume I—Hydrology

08/07/2017 SWMM Reference Manual Volume [I—Hydraulics

09/08/2016 SWMM Reference Manual Volume llI—Water Quality

01/31/2017 SWMM Technical Fact Sheet

07/06/2010 SWMM Applications Manual (ZIP) (7 MB)

09/19/2006 Quality Assurance Report for Dynamic Wave Flow Routing (ZIP) (3 MB)

24



(s
\" EPA/GO00/R-15/162A | J y 2016 | www2 epa.gov/iwater-researc

United States
Enviromental Protection
Agency

Storm Water Management Model
Reference Manual

Volume | — Hydrology (Revised)




EPA/600/R-1T/111 www.epa.gov/water-research

Storm Water Management Model
Reference Manual

Volume Il —-Hydraulics




2 )
"’Em EPA/600/R-16/093 | July 2016 | www_.epa.govi/water-research

United States
Enviromental Protection
Agency

Storm Water Management Model
SEEGEH PN ERTEL

Volume Il - Water Quality




SWMM Reference Manuals

Documentation

Date Title

09/30/2015 SWMM 5.1 User’s Manual

44  Green-Ampt Method
09/01/2014 SWMM-CAT User's Guide

The Green-Ampt equation (Green and Ampt, 1911) has received considerable attention in recent
years. The original equation was for infiltration with excess water at the surface at all times. Mein
and Larson (1973) showed how it could be adapted to a steady rainfall input and proposed a way

01/29/2016 SWMM Reference Manual Volume I—Hydrology

in which the capillary suction p dor coult ‘e del ined. Chu (1978) has shown the 08/07/2017 SWMM Reference Manual Volume lI—Hydraulics
applicability of the equation to the unsteady rainfall sifuation, using data for a field catchment. The

Green-Ampt method was added into SWMM III in 1981 by R.G. Mein and W. Huber (Huber et 09/08/2016 SWMM Reference Manual Volume lll—Water Quality
al, 1981).

01/31/2017 SWMM Technical Fact Sheet

44.1 Governing Equafions 07/06/2010 | SWMM Applications Manual (ZIP) (7 M8)

The Green-Ampt conceptualization of the infiltration process is one in which nfiltrated water 09/19/2006
moves vertically downward in a saturated layer, beginning at the surface (Figure 4-5). In the wetted
zone the moisture content £1s at saturation &; while the moisture content in the un-wetted zone is
at some known initial level &;.

Quality Assurance Report for Dynamic Wave Flow Routing (ZIP) (3 MB)

Crd+L+,
sl
s
Gr Surface The depth of the saturated layer L; can be expressed in terms of the cumulative infiltration, F, and
ound > y A
the initial moisture deficit to be filled below the wetting front, §4=6:-8 as L, =F/6;.
Wetted Zone Le ituting this into Equation 4-26 and ming that d is small compared to the other depths
(8=8) gives the Green-Ampt equation for saturated conditions:
]
etti 1 L 8
Wetting Front T f=K [1 i ‘P.;'d] @27
¥
Non-wetted Zone Equation 4-27 applies only after a saturated layer develops at the ground surface. Prior to this pomt
©=6,) in time the infiltration capacity will equal the rainfall intensity:
SRRl =i @2
X - ) X i R . As time increases, one can test whether saturation has been reached by solving 4-27 for F (which
Figure 4-5 Two-zone representation of the Green-Ampt infiltration model (after Nicklow et will be denoted as F) with f; set equal to  and check if this value equals or exceeds the actual
al., 2006). cumulative infiltration F:
The water velocity within the wetted zone is given by Darcy’'s Law as a function of the saturated E= Ks¥:6q (4-29)
hydraulic conductivity K, the capillary suction head along the wetting front yz, the depth of h=He
ponded water at the surface d, and the depth of the saturated layer below the surface L;: Note that there is no calculation of £ when / <= K although F still gets updated during such
periods. Finally, in this scheme the actual infiltration fis the same as the potential value f
= (4-30)
The two equations are illustrated in Figure 4-6 for the situation K; =0.25 in/hr, y2=6.5in, and &
=0.20. The initial, flat portion of the curve corresponds to f = i, up to the point where F = F; 28
(Equation 4-29). The remainder of the curve ¢ ponds to the p 1 rate computed with

Equation 4-27. Note that the infiltration rate approaches K (0.25 in/hr) asymptotically.



Use the SWMM Tutorial’s

Documentation

Date Title

09/30/2@15 SWMM 5.1 User’s Manual

CHAPTER 2 - QUICK START TUTORIAL

09/01/2014 SWMM-CAT User's Guide

01/29/2016 SWMM Reference Manual Volume I—Hydrology

This chapter provides a tutorial on how to use EPA SWMM. If you are not familiar with the
elements that comprise a drainage system, and how these are represented in a SWMM model, 08/07/2017 | SWMM Reference Manual Volume lI—Hydraulics
you might want to review the material in Chapter 3 first.

09/08/2016 SWMM Reference Manual Volume Ill—Water Quality

21 Example Study Area
01/31/2017 SWMM Technical Fact Sheet

In this tutorial we will model the drainage system serving a 12-acre residential area. The system
layout is shown in Figure 2-1 and consists of subcatchment areas® S through S3, storm sewer 07/06/2010 | SWMM Applications Manual (ZIP) (7 1e)
conduits C1 through C4, and conduit junctions J1 through J4. The system discharges to a creek
at the point labeled Out1. We will first go through the steps of creating the objects shown in this
diagram on SWMM's study area map and setting the various properties of these objects. Then we
will simulate the water quantity and quality response to a 3-inch, 6-hour rainfall event, as well as a n

continuous, multi-year rainfall record. \'lEm

09/19/2006 Quality Assurance Report for Dynamic Wave Flow Routing (ZIP) (3 MB)

United States
Environmental Protection

/j//‘_@n ., Hg’ecn’zps://swmmS.org/2017/
I 08/14/epa-swmmb5-
; tutorial-with-images-for-
swmm-5-1-012/

Storm Water Management Model
22 Project Setwp User's Manual Version 5.1

Outl 4 c2 \J2

@ —+—@

Figure 2-1 Example study area

Qur first task is to create a new SWMM project and make sure that certain default options are
selected. Using these defaults will simplify the data entry tasks later on.

1. Launch EPA SWMM if it is not already running and select File >> New from the Main
Menu bar to create a new project.

2. Select Project >> Defaults to open the Project Defaults dialog.

3 A subcatchment is an area of land containing a mix of pervious and impervious surfaces whose
runoff drains to a common outlet point, which could be either a node of the drainage network or
another subcatchment.
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National Stormwater Calculator

https://lwww.epa.gov/water-research/national-stormwater-calculator

E%National Stormwater Calculator NEW  SAVE  OPEN RESOURCES  CONTACT
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National Stormwater Calculator

= National Stormwater Calculator

Surface Slope

O O Flatizos

B & moderately Flat (5%)
[0 © moderately Staep (10%)

B O steep (above 15%)

Surface slope affects how fast
starmwater will run off a site. Flatter
slopes produce slower runoff flow rates
and provide mare apportunity for rainfall
to infiltrate into the soil

Check the Surface Slope box to view
surface slopes in the vicinity of the site
Select a representative slope from the
ranges listed above or click a shaded
region of the map to choose one

Displays soil properties obtained from
qguerying the NRCS SSURGO database

= National Stormwater Calculato

| Overview ” Location ” Soil Group ” Conductivity ”

Slope | Rainfall | Evaporation " Land Cover ” LID Controls " Runoff Results

w0

elect a representative surface slope for the site

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

measurement stations

Select a Source of Rainfall Data:

2 - CHEWIOT (1970-2006) 45 47"

3 - CINCINMATI FERMBAMK (1974-2006] 47 66"
4 - COVINGTON WSO (1970-2006) 42 49"

5 - MILFORD (1970-2004) 45 55"

Rainfall data consist of hourly amounts
recorded at the National Climatic Data
Center monitoring stations listed above
The period of record and average annual
rainfall are listed next to each station's
name.

a Mason M
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Select a source of long-term hourly rainfall data.




National Stormwater Calculator

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

< National Stormwater Calculator

% of Impervious Area Treated By:

Disconnection
Eain Harvesting
Eain Gardens
Green Roofs
Street Planters
Infiltration Basins

Forous Pavement

LID controls are landscaping practices
designed to retain stormwater on site.

Enter the percent of the site's impervious
area treated by a listed LID practice.

Click a practice to learn more about it or
to change its design parameters.

Design Storm Depth {in)
{for Auto-Sizing)

Assign LID practices to capture runoff from impervious areas.

Porous Pavement

e

Pureum Aaghat =i
Bubmariacs Inshratioe.

Grawvel Layer Thickness {inches)

% Capture Ratio

Continuous Porous Pavement systems are
excavated areas filled with gravel and paved over
with a porous concrete or asphalt mix. Normally
all rainfall will immediately pass through the
pavement into the gravel storage layer below it
where it can infiltrate at natural rates into the
site's native soil.

>

The gravel storage layers below the pavement are
typically 6 to 18 inches high. B

The Capture Ratio is the percent of the treated ¥

Learn maore ..

Auto-Size Restore Defaults

(e ] [t ]




National Stormwater Calculator

The Calculator runs SWMM to generate daily rainfall/runoff statistics

%- Maticnal Stormwater Calculator — *
Overview Location Soil Type  Soil Drainage  Topography  Precipitation Evaporation Climate Change Land Cover LID Controls  Results
Options . . .
= Current Scenario Baseline Scenario
Years to Analyze 20 3
Annual Rainfall = 39.61 inches Annual Rainfall = 39.61 inches
Event Thresheld (inches) 010 2
Ignore Consecutive Days |
Actions
Refresh Result
resh Results 129
Use as Baseline Scenario
Remove Baseline Scenaric
Print Results to POF File 80%
Reports
() Site Description
@ Summary Results B Runoff =1 Infil. =1 Evap. B Runoff =1 Infil. =1 Evap.
(") Rainfall / Runoff Events
. Statistic Current Scenario Baseline Scenario
() Rainfall / Runoff Frequency
] _ Average Annual Rainfall (inches) 3967 39.67
O Rainfall Retention Frequency Average Annual Runoff (inches) 25,80 31.97
(O Runoff By Rainfall Percentile Days per Year With Rainfall 68.70 6&.70
() Bxtreme Event Rainfall / Runoff Days per Year with Runoff 51.26 5876
Percent of Wet Days Retained 25.38 14.47
O Cost Summary Smallest Rainfall w/ Runoff (inches) 012 a1
Largest Rainfall w/o Runoff (inches) 0.31 022
Max Rainfall Retained (inches) ar76 034
Help Help

Runoff results are up to date.

Analyze a Mew Site  Sawve Current Site  Exit r
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A A A

Data that you need for SWMM

vyvwevyw

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) EPA e
Site Configuration g SN -
— Subcatchment area ?if $ A

— Drainage flow : o]
Hydraulic Configuration -

— Conduit geometry, length . =

— Network schematic »



Where to get information

nttps://www.epa.gov/exposure-assessment-models
nttps://www.nrcs.usda.gov
nttps://www.usgs.gov/science/mission-areas/water-resources

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
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http://www.usda.gov/wps/portal/nrcs/main/national/water/watersheds
www.ncdc.noaa.gov
https://www.nrcs.usda.gov
https://viewer.nationalmap.gov/basic
https://www.usgs.gov/science/mission-areas/water-resources
https://www.nrcs.usda.gov
https://www.epa.gov/exposure-assessment-models

https://datagateway.nrcs.usda.gov/

Natural
USDA Resources
i Conservation

Service

rl
United States Department of Agriculture "’

Geospg}lal Data Gateway

Home { Login | Check Order | Status Maps | News { DataPolicy | FAQ | Help | NAIP Download | Contact Us

\_(_q_u are here: Home / GDGHome.aspx
Welcome to GDG

System Status:
Welcome to GDG 6.0.4.7481. All products and services are
running normally.

Natural Resources
Conservation Service

I Farm Services Agency

PLEASE NOTE: As of April 21, 2017 the NAIP datasets are only
available through the "NAIP Download" option on the home page
and are no longer be available through the Gateway ordering

, Aerial Photography Field process. Also note, NAIP images are titled by county FIPS codes.
Offica (ADEC FIPS codes may be referenced by clicking on the "county FIPS"

Off APFO
Office (APFO). link on the Dlrect Download page.

I Web Soil Survey g = .,_y -

I Rural Development

National Geospatial Center
of Excellence (NGCE)

I eFOTG

I Geo.Data.Gov

USGS Maps, Imagery and
Publications

I National Atlas

I National Map Viewer 2.0
US Census Bureau
Geography
, Download TIGER/Line
Shapeﬁles

b Download Public Land
Survey System Data

the one stop source for environmental and natural resource data

The Geospatial Data Gateway (GDG) provides access to a map library of
over 100 high resolution vector and raster layers in the Geospatial Data
| Warehouse. It is the One Stop Source for environmental and natural
“'resources data, at any time, from anywhere, to anyone. It allows you to
choose your area of interest, browse and select data, customize the
format, then review and download.

Unlted States Elevation
Inventory

This service is made available through a close partnership between the
three Service Center Agencies (SCA); Natural Resources Conservation
Service (NRCS), Farm Service Agency (ESA) and Rural Development
(RD).

Data Order

I Want To...

> NAIP Download
o Direct Download

o Order by County/Counties
o Order by State
o Order by Place

Order by entering

o Latitude/Longitude

Bounding_Rectangle
Order by Interactive Map

o using_custom Area Of

Interest
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Technical Support - OPEN SWMM

Q OPEN SWMM KNOWLEDGE CODE RESEARCH RESOURCES @ O\ E]

13531 4778 1509 -

pUSTS THREADS CONTR|BUTORS Mission and Intent

SWMM-USERS list server

About OPEN SWMM Conditions for subscribing

Guidelines for posting

Collapse all

Fl n d da nd " — Mission and Intent Digital curation Sh dare

I t- The SWMM Knowledge Base is intended to function as an online learning resource Disclai
S 0 u IO n S - for users of the public domain EPA SWMM program. It consists of digitally curated ISClaimer
content from the SWMM-USERS list server, organized in an easily readable format.

Fully searchable, the SWMM Knowledge Base provides a high signal-to-noise ratio,
and promotes content discoverability through related topic suggestions. Terms of use

Together with the open access Journal of Water Management Modeling, the annual
SWMM KNOWLE International Conference on Water Management Modeling, and the SWMM-USERS
list server, the SWMM Knowledge Base rounds out a group of high quality

resources that supports, promotes and encourages development of SWMM by the
EPA and the user community.

An easy—to—search | The SWMM Knowledge Base continuously solicits feedback from the community in ect al'ld engage
making the presentation and content as accessible and useful as possible. Please
for EPA SWM M LISt send any comments and questions to staff at info@openswmm.org. The SWMM wr resea rCh -

Knowledge Base is hosted and moderated by the staff of CHI.

years of shared knc search projects

1,500 contnibutors ¢ s with project
— SWMM-USERS list server

posts.
The SWMM-USERS list server is an email-based forum for users of the public-
domain US EPA SWMM program to share ideas and ask questions on issues related
Connect With Us About Open SWMM Join Open SWMM Site map
Mission and intent SWMM-USERS list server Home

B4 info@openswmm.org

Digital curation How to subscribe About 37

147 Wyndham St. N., Ste. 202 Disclaimer Condiione for m hecrihing Knowledge Base




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

Thank You!

Michelle Simon
U.S. EPA Office of Research and Development (ORD)
513-569-7469 Simon.michelle@epa.gov
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* Assumes varied, unsteady flow
(Saint Venant Equations)

* Level of Sophistication
— Steady Flow Routing
— Kinematics Wave Routing
— Dynamic Wave Routing

40



Dynamic Wave Routing

Used for

Branched or looped networks

Backwater due to tidal or other conditions
Free-surface flow

Pressure flow or surcharge

Flow reversals
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Kinematic Wave

Cannot have

* Looped networks

* Backwater effects

* Pressure-flow conditions

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

* Go to Desktop SWMM

44



Hydraulic Animation

(Courtesy of Robert Dickinson, Innovyze
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Idealized Subcatchment

B Pervious
B Impervious

fﬁ.‘;}}'-_
Impervious w/o
Depression
Storage
Precipitation Evaporation
d 3 ——> Runoff

Infiltration 50



	Structure Bookmarks
	An Introduction to the Storm Water Management Model (SWMM) 
	Disclaimer 
	Speaker Introduction 
	What  is  SWMM? 
	How  does  SWMM  Model? 
	What is SWMM Used For? 
	Demonstration  of  SWMM 
	SWMM’s  Conceptual  Model 
	Idealized  Subcatchment (Courtesy  of  Rob  James,  CHI  Water) 
	Hydrology  – Governing  equations 
	Hydraulic  Governing  Equations 
	Governing  Equations  
	SWMM ‐Manning  Equation 
	Pipes  with  Circular  Force  Main  Cross  sections 
	Pollutant  Buildup  and  Wash  off 
	LID  Modeling  in  SWMM  
	Green  Infrastructure  Subcatchment 
	More  Green  Infrastructure  Subcatchments 
	Types of LIDs Modeled 
	Storm  Water  Management  Model 
	SWMM  Webpage,  continued  
	SWMM  Webpage,  continued  
	SWMM  Reference  Manuals 
	Use  the  SWMM  Tutorial’s 
	National  Stormwater  Calculator https://www.epa.gov/water-research/national-stormwater-calculator 
	National  Stormwater  Calculator 
	National Stormwater Calculator The Calculator runs SWMM to generate daily rainfall/runoff statistics. 
	Data  that  you  need  for  SWMM 
	Where  to  get  information 
	https://datagateway.nrcs.usda.gov/ 
	Technical  Support ‐OPEN  SWMM 
	Key Websites discussed 
	National Stormwater Calculator Website: 
	Water Research Program Webinar Series Website:
	USGS’s online Seamless Data Warehouse: 
	Openswmm: 
	Assumptions 
	Dynamic  Wave  Routing 
	Kinematic  Wave 
	Questions? 


