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<vEPA .. Disclaimer

The information 1n this presentation has been reviewed and approved for public
dissemination in accordance with the U.S. Environmental Protection Agency. Any opinions
expressed 1n 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.
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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, | worked on Storm Water Runoff
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Are you a Do you
Hydrologist Use the rational method
Engineer Use surface water models
Other? Other?

Do you Are you
Write permits Government
Execute permits Consultant
Other? Operator

Other?
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T Introduction
e TMDL, MS4, CSO Processes

Suate established the “Lake George
Park” therchy dessgnating the kake
and its land drainage basin as an area
so distinctive in narural qualitics

and scenic beaury that i is 22 i BT I I
deserving of special protection, 4 ¥ s b OO s
The Park consists of a S =

‘m?;m“" | > Water Surface Toolbox
AP 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

https://lgpc.ny.gov/system/files/documents/2018/08/stormwater-background-and-proposed-changes.pdf
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Hello – graduate or undergraduate
Degrees?  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
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MUNICIPAL SEPARATE COMBINED SEWER

{Qnspiregreen”

This system uses separate pipes This system uses the same pipes
for sanitary sewage and stormwater flow. for sanitary sewage and stormwater flow.

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

_ J 4

- q{

e
J

]

STORM SEWER SYSTEM CS S SYSTEM —


https://www.limno.com/portfolio-posts/ms4-tmdl-implementation-planning-and-monitoring-for-washington-dc/
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<vEPA US Map of Regulated MS4

Regulated
M54 area
represents
4% of the LS.
land area and
> B0% of the
population

B Phase |
B Phase 11

Map created 2003

https://www.epa.gov/npdes/stormwater-discharges-municipal-sources
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Phase I MS4s
Phase II MS4s
The 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 Permits
The 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
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Mention WQM group
TMDLs, MS4, CSO

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

o EPA FINAL ASSESSMENT SURFACE WATER MODEL
\ Y 4 MAINTENANCE AND SUPPORT STATUS

AGNPS Aquatox BASINS
BATHTUB CE-QUAL-ICM CE-QUAL-W?2
CORMIX EFDC HAWQS

HSPF LSPC QUAL2KW
SPARROW SWAT SWMM

SWTOOLBOX VISUAL PLUMES WASP

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

EPA Report EPA/600/R-18/270
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Fortran, 1980’s,developer is emeritus
350 kByte machine


=

<vEPA \How SWMM, HSPF, SWAT, and WASP Relate

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

-pdf

https://www.aquaterra.com/resources/pubs/fiftyyearwatershedconferencePrograms.php
10
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https://cfpub.epa.gov/watertrain/pdf/modules/WshedModTools.pdf

SWAT Agricultural
SWMM McMansion land use change

HSPF 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
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<vEPA X EPA Training on these Models

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

n Uniteg States
\"EPA Ag;gggmen al Protection
Environmental Topics Laws & Regulations About EPA Search EPA.gov Q

Related Topics: Water Data and Tools CONTACTUS  SHARE @ @ @
Surface Water Quality Modeling Training

EPA’s Water Modeling Workgroup (WMW) sponsors training to facilitate use of surface water quality models. Both webinars and workshops

are available at this time.

Webinars

EPA’s WMW sponsors an ongoing series of two-hour webinars to help water quality professionals better understand surface water quality
models and how they can be used to address water quality problems. WMW posts introductory flyers and video recordings for the webinars
to this website. Webinars 1 through 3 in the table below cover modeling basics such as selecting, developing, and running hydrology and
water quality models. Subsequent webinars focus on modeling specific pollutants and parameters (e.g., nutrients, sediment, metals),
specific types of models, and emerging issues in water quality modeling. If you want to receive updates on the webinars, please sign up here

and select the Training and Webinars email list.

Webinar Time Documents

Elyer
i . Thursday, March 26, 2015, _y_. .
1. "Water Quality Models 101—What Are These Things?" Archived Video
1:00 pm - 3:00 pm Eastern

(YouTube)

Flyer
. ) . Thursday, April 23, 2015, _y_. .
2. "Brick by Brick: How Water Quality Models are Developed" Archived Video
1:00 pm - 3:00 pm Eastern

(YouTube)



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



<vEPA Stakeholders - >30,000 2018 downloads

Products

Innovyze®

HOME ABOUTUS APPROACH SERVICES CLIENTS BLOG

ESRI” GIS Partner Solutions and Services for

Real Time Intelligence & Optimization

E nVi ro n me ntal and SMART INFRASTRUCTURE FOR THE WATER UTILITY OF THE FUTURE
Natural Resources

@CHI PCSWMM o wows wweios e s

Regulators,
Advanced modeling o, o
o Communltles,
Utilities,
Private industry,
Consultants,

water distribution systems.

FREETRIAL OF PCSWMM >

FIND OUT MORE

https://github.com/USEPA/Stormwater-Management-Model Academia
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Since 2010 over 25,000 up to 35,000 downloads a year since 2010
Robust, intuitive, C Delph GUI, 45,000 lines of code
$B, multi-decade work based on SWMM results
Need to make SWMM as accurate as we can

https://github.com/USEPA/Stormwater-Management-Model
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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.
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Presentation Notes
Focus on runoff – CSO, MS4, can be used for Urban TMDLs
PCSWMM, XPSWMM, InfoSWMM etc.


SWMM'’s Process Models

—— Surface —_—
Precipitation Runoff /' — |
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Overland Flow
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where:
i = rate of rainfall + snowmelt (ft/s)
e = surface evaporation rate (ft/s)
f = infiltration rate (ft/s)
g = runoff rate (ft/s).
d = depth (ft)
t = time (s)

SWMM Hydrology Reference Manual Equation 3-1
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Presentation Notes
Assuming that the flow across the subcatchment’s surface behaves as if  it were uniform within a rectangular channel
Hargreaves evaporation
Q/A ft3/s/ft2


B <EPA . 9WMM's Conceptual Model

Raingage| &
Subcatchment

Junction

Divider Outfall
Orifice
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The first component of SWMM to discuss is the subcatchment, the surface intercepting the rain.


I

Idealized Subcatchment
(Courtesy of Rob James, CHI Water, www.openswmm.org)

Subcatchment parameters

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

| Or further sub-divided
e\ = (distributed) into a finer
_F number of

‘ J subcatchments

i 1
o L
; 1
gt
, - 1 1 1
1 -l
.

https://www.youtube.com/watch?v=HZnX GsABUA
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Recognize CHI Water

https://www.youtube.com/watch?v=HZnX_GsABUA
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=  Conduit
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Storage Unit
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— Manhole

Hydraulic Model

Pumping
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Strongest Hydraulic Public Domain model
Model 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



Hydraulic Governing Equations

SEPA ~
T < https://www.youtube.com/watch?v=ziWy5qbVIWo
Continuity
dA @
Jdt dx
Divider Outfall
| Orifice
“rhere Storage Unit Pump
x = distance (ft)
t = fime (sec)
A = flow cross-sectional area (ﬁz)

¢ = {flow rate (cfs)
SWMM Hydraulics Reference Manual Equation 3 -1

20
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At nodes, storage units


SEPA Hydraulic Governing Equations

Momentum
Q 9(Q*/A) 0H
— + ———=+ gA—+ gAS; = 0
dt dx dx
H = Thydraulic head of water in the conduit (£ + V) (ft)
Z = conduit invert elevation (ft)
Y = conduit water depth (ft)
Sr = friction slope (head loss per unit length)
g = acceleration of gravity (ft/ secz)

SWMM Hydraulics Reference Manual Equation 3 - 2

21
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Solved at midpoint of conduit


Steady Flow Routing

2. Kinematics VWave Routing
3. Dynamic Wave Routing Also contains Green Infrastructure
Storm Water Management Model
aQ 0 (QE/A) dH Reference Manual
__I___I_giq_‘l_ gAS — {]. 1 Vo!umeIII—WaterQuaIity

SWMM Hydraulics Reference Manual Equation 3-1
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𝐹=  𝑉   𝑔 ℎ 𝑚    
 
 
F < 0.5 prevents wave action
F = 1 critical velocity = velocity of wave propagation, downstream wave cannot travel up stream
Dynamic wave – unsteady, gradually varied, open channel flow
Kinematic wave – uniform, Manning formulae, steeper wave with less dispersion and attenuation 
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Typical bioretention LID, SCM, DUD, BMP
Section 6 of Water Quality Reference



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

Infiltration Trench

Porous Pavement Vegetative Swale Street Planter

24
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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
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Infiltration

°Ho

F(t,) - ] fode = foty + LT (1 = ek
® Modified Horton

fo = foo + (fo = foo)e et

® Green_Ampt, Modified Green_Ampt

F
F=K 6,1 (1 )
S+lp5 dn +lp50d

® Curve_Number

1000
Smax =N

Infiltration Editor X
Infiltration Method HORTON v
e MODIFIED_HORTON

MBX. |nfl|. Rate GREEN_AMPT

Min. Infil. Rate MODIFIED_GREEN_AMPT

Decay Constant CUR\'/E-NUMBER

Drying Time 7

Max. Volume 0

Maximum rate on the Horton infiltration curve (in/hr or
mm/hr)

OK Cancel Help

25
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Richards equation – non linear, need soil permeability and surface tension(soil moisture) 
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g Y
Buildup
W,

Water Quality - Pollutant Buildup and Wash-off

wpmmd = Qout Cpurxhd’

Wout = Wi + Wi

washolf

26
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Mass Balance of contaminant Section 4 of Water Quality Reference
Dry buildup
Wet Buildup – Exponential, Rating Curve, EMC
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SWMM Webpage

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

Downloads
Date Description
03/30/2017 Self-Extracting Installation Program for SWMM 5.1.012 (EXE) (5 MB)
12/11/2014 SWMM-CAT Download Version 1 (4 MB)
03/30/2017 List of SWMM 5 Updates and Bug Fixes (TXT) (1 pg, 132 K)
03/30/2017 Source Code for the SWMM 5.1.012 Computational Engine (ZIP) (375K)
03/30/2017 Source code for the SWMM 5.1.012 graphical user interface (ZIP) (2 MB)
09/07/2016 SWMM 5.1 Interface Guide (ZIP) (47 K)
05/25/2005 Utility for converting SWMM 4 data files to SWMM 5 files (EXE) Version 1.2 (2 MB)

28


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

R
SEPA

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
O
01/29/2016 SWMM Reference Manual Volume |I—Hydrology
08/07/2017 SWMM Reference Manual Volume II—Hydraulics
09/08/2016 SWMM Reference Manual Volume Ill—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)
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Get EZTECH, load onto your desktop

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

“EPA . SWMM Reference Manuals

44 Green-Ampt Method Documentation

The Green-Ampt equation (Green and Ampt, 1911) has received considerable attention in recent Date Title

vears. 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 09/30/2015 | SWMM 5.1 User’s Manual

in which the capillary suction parameter could be determined. Chu (1978) has shown the

applicability of the equation to the unsteady rainfall situation. vsing data for a field catchment. The 09/01/2014 | SWMM-CAT User's Guide

Green-Ampt method was added into SWMM I in 1981 by R.G. Mein and W. Huber (Huber et

al . 1981). 01/29/2016 | SWMM Reference Manual Volume I—Hydrology
141 G ing Equations 08/07/2017 SWMM Reference Manual Volume ll—Hydraulics
The G A conceptualization of the infiltration process is one in which infiltrated water 09/08/2016 SWMM Reference Manual Volume IlI—Water Quality
moves vertically downward in a saturated layer, begnning 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 d+ L+, r SWMM Technical Fact Sheet

at some kmown initial level 85 =K [ L, ] (4-29)

Wetting Front W

The depth of the saturated layer L: can be expressed in terms of the cummulative infiltration, F, and
the initial moisture deficit to be filled below the wetting front, 84= 8:- & as Ly =F/6;.

Ground Surface —# T ing this into 4-26 and ing that d is small compared to the other depths
Wetted Zone L gives the Green-Ampt equation for saturated conditions:
G=8 8,
¢ i ) =K [1 +%] 427
! ¥
1

¥
Non-wetted Zone

(8=8)

Figure 4-5 Two-zone representation of the Green-Ampt infiltraton model (after Nicklow et

al., 2006).

The water velocity within the wetted zone is given by Darcy’s Law as a function of the saturated
hydranlic condunctivity K, the capillary suction head along the wetting front ys, the depth of
ponded water at the surface d, and the depth of the saturated layer below the surface L;:

Ecuation 4-27 applies only after a saturated layer develops at the ground surface. Prior to this poimnt
in time the infiltration capacity will equal the rainfall intensity:

f=i (428)

As time increases, one can test whether saturation has been reached by solving 4-27 for F (which
will be denoted as Fr) with fp set equal to i and check if this value equals or exceeds the actual
cunmilative infiltration F:

_ Kapets
=== K. (4-29)

Note that there is no caleulation 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 fx

f=f (4-30)

The two equations are illustrated in Figure 4-6 for the situation K:=0.25inhr. ye=6.5 in. and &
=0.20. The initial, flat portion of the curve corresponds to f'= i, up to the point where F = F:
(E: ion 4-29). The der of the curve cor ds to the p ial rate computed with
Equation 4-27. Note that the infiltration rate approaches K (0.25 in'hr) asymptotically.

SWMM Applications Manual (ZIP) (7 MB)

Quality Assurance Report for Dynamic Wave Flow Routing (ZIP) (3 MB)
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CHAPTER 2 — QUICK START TUTORIAL

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,
you might want to review the material in Chapter 3 first.

21 Example Study Area

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® S7 through S3, storm sewer
conduits C7 through C4, and conduit junctions J7 through J4. The system discharges to a creek
at the point labeled Out?. 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
continuous, multi-year rainfall record.

C3 /52 C1

ol 4 J4 c2 M2

Figure 2-1 Example study area

22 Project Setup
Our 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.

https://[swmmb5.org/2017/08/14/ Documentation

epa-swmmb-tutorial-with- e

i m ages-fo r- swm m = 5 = I -0 I 2l 09/01/2014 SWMM-CAT User's Guide

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

& EPA EPA/G00/R-14/413b
s e SoSeptemberZols 08/07/2017 | SWMM Reference Manual Volume ll—Hydraulics
United States www2.epa.goviwater-research

Environmental Protection
Soency 09/08/2016 | SWMM Reference Manual Volume lll—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)

Storm Water Management Model

User's Manual Version 5.1
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Bob Dickinson – Innovyze
YouTube videos


Quick Demontration of SWMM

Raingage|¥
Subcatchment

i

Divider Outfall
Orifice

Storage Unit
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Go to Desktop


<vEPA 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)

?ANalional Stormwater Calculator

© 8 s

* Climatic Data — find closest NOAA station i cAhOA T 9 g
* (use Stormwater Calculator) ﬁ

* Site Configuration ?;@ Y s
* Subcatchment area
* Drainage flow bl

* Hydraulic Configuration
* Conduit geometry, length ol T~
* Network schematic h




<7EPA Where to get information

https://www.epa.gov/exposure-assessment-models
https://www.nrcs.usda.gov
nttps://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

34


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

R = Geospgyal Data Gateway

nited States Department of Agriculture

Home | Login i Check Order | Status Maps { News | DataPolicy | FAQ | Help | NAIP Download | Contact Us
u are here: Home / GDGHome.aspx

Welcome to GDG

htt '//d t t d , Natural Resources SVSItE!m Status: y 2 .
Conservation Service Welcome to GDG 6.0.4.7481. All products and services are
PS: dalagaleway.nrcs.usaa.gov B v rorrmatly
I Rural Development PLEASE NOTE: As of April 21, 2017 the NAIP datasets are only
NatonalEeospataieontes available through the "NAIP Download" option on the home page
of Excellence (NGCE) and are no longer be available through the Gateway ordering
Aerial Photography Field process. Also note, NAIP images are titled by county FIPS codes.
Office (APFQ) FIPS codes may be referenced by clicking on the "county FIPS"
- link on the Dlrect Download page.
I Web Soil Survey T —

B —

I eFOTG

I Geo.Data.Gov

USGS Maps, Imagery and
Publications

I National Atlas

Data Order

I National Map Viewer 2.0
| Want To...

1 US Census Bureau
Geography o NAIP Download
o Direct D load
, Download TIGER/Line Sirect Download )
Shapefiles o Order by County/Counties
. Download Public Land the one stop source for environmental and natura! resource data o Order by State
Survey System Data _ _ ) o Order by Place
, United States Elevation The Geosp:_atlal Data (_Bateway (GDG) provides access to a map Il_brary of e
Inventory, over 100 high resolution vector and raster layers in the Geospatial Data Latitude/Longitude
N | Warehouse. 1t is the One Stop Source for environmental and natural

Bounding Rectangle
““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.

Order by Interactive Map
> using_custom Area Of
Interest

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).
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<vEPA Open SWMM

@  OPEN SWMM

https://www.openswmm.org/

Find and share
solutions.

SWMM KNOWLEDGE BASE >

An easy-to-search knowledge center
for EPA SWMM users that has 25
years of shared knowledge, more
than 1,500 contributors and over
13,000 posts.

Connect With Us

[ info@openswmm.org

KNOWLEDGE

CODE RESEARCH RESOURCES

i Q 3

Expand your knowledge of SWMM
with the people who know it best: its

users, developers and innovators.

Understand your

engine.

SWMM CODE VIEWER

Browse the SWMM source code in
an engineer-friendly way. View and
share comments, solutions,
modifications and suggestions for

improvement.

About Open SWMM

Mission and intent
Digital curation

Join Open SWMM

SWMM-USERS list server

ot cuiheeriba

View and share
research.

RESEARCH PROJECTS

Announce your project and engage
the community in your research.
Explore ongoing research projects
and join in discussions with project
teams.

Site map

Home 36

About -
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Node to the host
A 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/

<vEPA

Open Source
Community Developed

& Scientific Journal Searc X | I} Webof Science [+532] X | €@ NPDES- MS4|Walton X | G StormwaterPhase llRu X | & Stormwater Discharges X | § Stormwater Discharge: X | & ms4 images-Google© X | Q) MS4TMDL Implemen

&«

c

~

& GitHub, Inc. [US] | github.com/USEPA/Stormwater-Management-Model

O Why GitHub? Enterprise Explore Marketplace Pricing

L USEPA / Stormwater-Management-Model

<> Code Issues 12 Pull requests 0 Projects 0 Security

All your code in one place
QOver 40 million developers use GitHub together to host and review code, project
manage, and build software together across more than 100 million projects.

SLRTR IS (CM  See pricing for teams and enterprises

ORD Stormwater Management Model repository

D 53 commits P 4 branches

X ) GitHub - USEPA/Storn

Sign in ‘ Sign up |

© Watch | 30 * Star 49 YFork 79

Insights

Dismiss

€ 14 releases 42 2 contributors

Branch: master =

|| | michaeltryby Merge pull request #9 from USEPA/codedrop_lew_5113

M src Processing v5.1.13 code drop

| tools Updates and bug fixes for release 5.1.12
£ .gitignore Initial commit

[E] README.md Adding link to EPA SWMM webpage.

README.md

Stormwater-Management-Model

ORD Stormwater Management Model (aka "SWMM")

Introduction

Find File Clone or download

Latest commit @abea21 on Aug 23, 2018

last year
2 years ago
5 years ago

4 years ago

This is the official SWMM source code repository maintained by US EPA ORD, NRMRL, Water Supply and Water Resources

Division located in Cincinnati, Ohio.

SWMM is a dynamic hydroloay-hydraulic water quality simulation model. It is used for sinale event or long-term

x
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https://www.epa.gov/water-research/water-

<ZEPA

s Mational Stormwater Calculator

Overview  Location Soil Type Soil Drainage Topography Precipitation Evaporation Climate Change Land Cover LID Controls Results

Welcome to the EPA National
Stormwater Calculator

This calculator estimates the amount of
stormwater runoff generated from a land
parcel under different development and
control scenarios over a long-term period
of historical rainfall.

The analysis takes into account local soil
conditions, topography, land cover and
meteorology. Different types of low impact
development (LID) practices can be
employed to help capture and retain rainfall
on-site. Localized climate change scenarios
can also be analyzed.

Site information is provided to the
calculator using the tabbed pages listed
above. The Results page is where the site's
runoff is computed and displayed.

This program was produced by the U5,
Environmental Protection Agency and was
subject to both internal and external
technical review. Please check with local
authorities about whether and how it can
be used to support local stormwater

2 @ | Road~

ulator NEW

Location
Directions
Bring your site into view on the map and
then mark its exact locafion by clicking the

mouse pointer over il or entering your
address or zip code below

Us polygon drawing lool to draw your
project area on the map.

goals and
Search by address or zip code:
Q Enter an address or zip code
Enier number of acres for your site:
i om
e | 1 S
NITED STATES s e
Coomo | s § -
1 — BT VRGNA
Release 1.2.0.0 oesous “
S , bl s
Select the Location tab to begin analyzing a new site. Anal

research-program-webinar-series .

National Storm Water Calculator (SWQ)
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Use anywhere in the USA, includes Puerto Rico, Alaska, Hawaii

Gets precipitation, evaporation, soil infiltration, cost data for you 


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

a2
<zEPA \\ National Stormwater Calculator

National Stormwater Calculator

SurfaceSlope

O O Flatizes
E & maderately Flat {53)
[0 © mModerately Steep (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
querying the NRCS SSURGO database

National Stormwater Calculator

| Owverview ” Location ” Soil Group ” Conductivity ” Slope

Rainfall | Evaporation " Land Cover ” LID Controls " Runoff Resu\ts|

Select 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:

N @ @ | v Road Mas? M
1 '}

2 - CHEVIOT (1970-2008) 45 47" | & ey J
3 - CINCINMATI FERMBANK (1974-2008) 47 56" Ross GER Landen
4 - COVINGTON WSO (1970-2006) 42 49" @ Fﬁ’s‘[ F:i_l( SﬁF o /
5 . MILFORD (1570-2004) 45 55" / | @
son = Sharonville b \\ Loveland
\ Northbrook i/ ”z Mc\ﬁt'gcmely
/”‘“I:‘Nb'nh College Hill j!ue g 3 :
s ik e e Ly
/// \\V/;,While o Finne ln:l-\r‘\n\ﬂgadmé [
L
Rainfall data consist of hourly amounts B - = ¥ / Kenwood™ Madeira
recorded at the National Climatic Data f Miami Heights /ﬁ_}'\\‘hﬁ © e " i Milford |
Center monitoring stations listed above Bridgetown 7 Morwood |
The period of record and average annual , b //—x_u// |
rainfall are listed next to each station's edala { ."f( e 4
name. Cincinnati /
T Delhic gt ) = :
N ingron, ][ Forestville’ Beta
G H/’l/'_’:;f/J [ el (125)
AN Eoit Mitchell | Highland =B
Burlington Erlanger = e Heights @ Amelia

Oakbrook F\i\%e/nce Edgewood [ 9 ] 0 [z
| {

o A=l Alexandri Mew Ric
Lpiet %k Independance %

|
smies (9] |, 10km

0
|
& 292 Merosst Corporster. @ 2012 Nokia
7 i

)

r
~Walton

Select a source of long-term hourly rainfall data.
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. National Stormwater Calculator

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

National Stormwater Calculator

Disconnection

Rain 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)

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.

@WW‘W!M::
 aavbwseace The gravel storage layers below the pavement are
:“‘E"Zmlnm = typically 6 to 18 inches high. B

The Capture Ratio is the percent of the treated ]|

s

Assign LID practices to capture runoff from impervious areas.

Learn maore ..

Auto-Size Eestore Defaults [ Accept ] [ Cancel l
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\e’EPA \\ Climate Component Added to Calculator

To assess how resilient source controls will be to future
meteorological conditions
Impacts on small-scale hydrology:

® changes in seasonal precipitation patterns

" more frequent occurrence of high intensity storm
events

® changes in evaporation rates

Global Increase in Heavy Ppt. Events

a_ =
= 1000 o 2000 simutation
— LoweEr emissions scananks®

—— Highef &missions scanana®
F1 -

5 I ]
Ez_' '_

rad HEPEE HEPE BRI PR SN BN BN BEPE E
1900 1920 1940 1960 1980 2000 2020 2040 2060 2080 2100
Wil

Projected Changes in Annual Runoff

-
40 -20 -10 5 -2 2 5§ 10 20 40
Percent
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The Calculator runs SWMM to
generate daily rainfall/runoff
statistics

a Mational Stormwater Calculator - X
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 E
Annual Rainfall = 39.61 inches Annual Rainfall = 39.61 inches
Event Thresheld (inches) 0.10 E
Ignore Consecutive Days |
Actions
Refresh Results 14% 199
Use ac Bazeline Scenaric
Remove Baseline Scenario
Print Results to PDF File 80%
Reports
() Site Description
® Summary Results == Runoff p== Infil. =1 Evap. == Runoff =] Infil. =1 Evap.
(C) Rainfall / Runoff Events
. Statistic Current Scenario Baseline Scenario
() Rainfall / Runoff Frequency
] ) Average Annual Rainfall (inches) 3967 3967
O Rainfall Retention Frequency Average Annual Runoff (inches) 2580 31.97
() Runoff By Rainfall Percentile Days per Year With Rainfall 68.70 ]
() Extreme Event Rainfall / Runoff Days per Year with Runoff 126 5876
Percent of Wet Days Retained 2538 14.47
L Smallest Rainfall w/ Runcff (inches) 0.12 it
Largest Rainfall w/o Runoff (inches) asl .22
Maox. Rainfall Retained (inches) 0.76 034
Help Help

Runoff results are up to date.

Analyze a New 5ite  5ave Current Site  Exit .:
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LID Cost Estimation Module

Data from the Bureau of Labor Statistics

Cost

5\
@
e
\e* \\
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+\(;°‘° <
ng’ Q\P} \e\
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) &P &
@ »
g 1
S
o '(‘\e O"qe A
,éq%e (\(r '\ffb\ 0
B\ %z';\% 4/\@ e oF
O Ca
St e e
O R a0
A\ \b Q:b(\q’ 0(«
- & ‘,\Q,
) W AL

Complex design range

* Typical design range

* Simple design range

Area
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The cost curves have been designed to provide a range of costs that bracket potential project costs using
the three project design scenarios (simple, typical, or complex). Once an applicable design scenario has
been selected by the user, a cost range is obtained. This cost range is a necessary approach because it
communicates 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 the
upper end of the range. A typical design similarly reports the range as the value determined from the
typical curve and complex curve values. The complex curve computes the difference between the
complex and the typical and adds it to the complex value to produce the range representing the
complex design scenario. The range for this scenario, therefore, has the complex curve value as the
lower bound of the range and the difference between complex and typical curve values as the upper
bound 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 on
the trend lines.



<vEPA “. Conclusions

.
2.

SWMM can calculate stormwater runoff volumes from an urban water shed

SWMM can calculate stormwater runoff water quality from an urban
watershed

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

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

There are several national databases for obtaining the data necessary for
modeling stormwater runoff.
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https://lgpc.ny.gov/system/files/documents/2018/08/stormwater-background-and-proposed-changes.pdf


FPA X\ Thank You!

Michelle Simon
U.S. EPA Office of Research and Development (ORD)
513-569-7469 Simon.michelle@epa.gov
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Paris on A Rainy Day, 1877�Gustave Caillebotte�Art Institute of Chicago

mailto:Simon.michelle@epa.gov
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