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Disclaimer 

The U.S.  Environmental  Protections  Agency through  its  Office  of  Research  

and Development  funded and managed the  research  described in  this  

presentation.   It  has  been subjected  to  the  Agency’s  review  and  has  been 

approved for release.   Any mention  of  trade n ames  or commercial  

products  does  not  constitute  endorsement  or recommendation  for use. 
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Speaker Introduction 

Michelle  Simon,  Ph.D.,  P.E.  Chemical  Engineer,  Office  of  Research and Development 
Cincinnati,  OH 

20 Years  Superfund Site  Technical  Support 

Became  EPA Technical POC  for SWMM 
(after  the  retirement of Lew  Rossman  

April  2017) 

Ph.D.   The University  of  Arizona 
M.S.    Colorado School of Mines 
B.S.     Notre Dame University 
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Presentation Outline 
1. SWMM Fundamentals 
2. Getting  Started with SWMM 
3. Building  the Hydraulic Model  
4. New Hydraulic Features  to  SWMM 
5. Building the Hydrologic  Model 
6. History of SWMM 
7. Using SWMM  for  Low  Impact Development 
8. Building LID Model 
9. Demonstration  of  EPA Stormwater Calculator 
10. Ground-truthing SWMM 
11. Interpreting  More Complicated SWMM Results 
12. Where to get Data 
13. SWMM  Climate Adjust Tool 
14. Conclusions 
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Day 1 
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1. SWMM Fundamentals 
2. Getting Started with  SWMM 
3. Building the  Hydraulic Model 
4. New  Features in SWMM 
5. Building  the Hydrologic  Model 
6. Day One  wrap-up 



Day 2 

1. History  of SWMM 
2. Using  SWMM for Low Impact  Development 
3. Building  LID Model 
4. Demonstration  of EPA Stormwater  

Calculator 
5. Ground-truthing SWMM 
6. Day  Two Wrap-up 
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Day 3 
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1. Interpreting More Complicated SWMM  Results 
2. Where to  get Data 
3. SWMM  Climate Adjust  Tool 
4. Ground  Truthing SWMM 
5. Course Wrap  Up 



Urbanization Changes  the Hydrologic  Cycle 

 Soils and  vegetation  are  
replaced with 
impervious surfaces 

 Impervious surfaces are  
connected to  dense  
drainage networks 

 Runoff  drains  directly 
into streams,  lakes,  
wetlands,  and coastal  
waters 

 Even small storms 
generate sig nificant  
runoff 
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Urban Stormwater Impacts 

 Impaired habitat and  water  
quality impact fisheries  and 
shellfish  harvesting due to 
pathogens, metals, PAHs, 
and other pollutants. 

• Reduced groundwater 
recharge impacts water 
supplies. 

flooding, erosion, and sewer overflows. 

Hydrologic, Geomorphic, and Biological Impacts: 
 Increased stormwater volume and velocity causes 
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Presenter Notes
Presentation Notes
Photo: www.lternet.edu  mention SW for erosion and groundwaterUrban stormwater is listed as the “primary” source of impairment for 13% of all rivers, 18% of all lakes, and 32% of all estuaries.In 2010, stormwater caused more than 8,700  beach closing and advisory days; sewage spills and overflows caused more than 1,800 of those.Insecticides often occur at higher       concentrations in urban streams       than in agricultural streams.Fecal coliform bacteria commonly exceedrecommended standards for water recreation



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.  

Presenter Notes
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



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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Hydraulic Model 
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Presenter Notes
Presentation Notes
Strongest Hydraulic Public Domain modelModel Status The current version of SWMM (5.2) was released in 2022.Very popular downloaded 33,000 times last year, open source, public-domain basis of commercial products PCSWMM, XPSWMM, InfoSWMM,etc



  

   

    

    

   
 

  

Why We Need SWMM (CSO, MS4, TMDL, NPDES) 

Design and sizing of drainage system. 

Control of combined and sanitary sewer 
overflows. 

Modeling Inflow & Infiltration in sanitary sewer 
systems. 

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

Evaluating green infrastructure. 

Presenter Notes
Presentation Notes
Need it for approving of infrastructure design forCombined Sewer Overflow Consent DecreesMS4 municipal separate storm sewer systems (MS4s), TMDL permitsInflow and infiltration are terms used to describe the ways that groundwater and stormwater enter the sanitary sewer system. Inflow is water that is dumped into the sewer system through improper connections, such as downspouts and groundwater sump pumps. Infiltration is groundwater that enters the sewer system through leaks in the pipe.All of this water is called "clear water" (although it may be dirty) to distinguish it from sanitary sewage.Typical Applications of SWMM Through the Decades Support of EPA and federal programs, e.g., NPDES, CSO, TMDL, floodplain analysis. Design and sizing of drainage system components, including detention facilities, “routine drainage design” Floodplain mapping of natural channel systems Control of combined and sanitary sewer overflows (CSOs and SSOs), especially for complex hydraulics Generating nonpoint source pollutant loadings for waste load allocation studies Flow-duration analysis Evaluating BMPs and LID (low-impact development) for sustainability goals 	



14 

Total Maximum Daily Loads Tool 

https://occviz.com/tmdl/ 

Presenter Notes
Presentation Notes
Mention WQM groupTMDLs, MS4https://occviz.com/tmdl/Intention to make tool open source  email Saurav@tamu.eduNeed more validation

https://occviz.com/tmdl/
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SWMM’s Process Models 
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 SWMM’s Conceptual Model 
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Presenter Notes
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) 

https://www.youtube.com/watch?v=HZnX_GsABUA 
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Presenter Notes
Presentation Notes
Recognize CHI Water500ft is the default value supplied by SWMM5 for overland flow width. This topic is described very well in the User's Manual and Vol 1. Reference Manual. Past discussions on the SWMM Knowledge Base will give you some additional insight. As you look into this further, you'll find that one of the simplest estimates is to take the square root of each subcatchment. However, with odd-shaped subcatchments you may want to create a set of equations based on shape and size characteristics from your GIS attributes table. I suggest adding a factor to increase/decrease the width accordingly. For example, with area in acres:- W = 0.5*(Area*43560)^0.5, for flow paths that are mostly along the longitudinal axis of the subcatchment- W = 2*(Area*43560)^0.5, for flow paths that are mostly perpendicular to the longitudinal axis

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


Idealized Subcatchment 
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Presenter Notes
Presentation Notes
Green – increase infiltration



 

 

Subcatchment - Time of Concentration 

• Tc see usdanrcstc.pdf in tech support 
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Infiltration 

• Horton 

• Modified Horton 

• Green_Ampt,  Modified Green_Ampt 

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



 

 
  

 

 

          

   
   
   
   

 
   

  

 

Hydrology – Governing equations 

  
𝜕𝜕𝜕𝜕 

= 𝑟𝑟 − 𝑖𝑖 − 𝑒𝑒 − 𝑓𝑓 − 𝑞𝑞 
𝜕𝜕𝜕𝜕 

First Principle Conservation of Mass 
(modified 3-1)

where: 

r = runoff from upgradient subcatchment (if present), (m/s) 

i = rate of rainfall + snowmelt (m/s) 
e = surface evaporation rate (m/s) 
f = infiltration rate (m/s) 
q = runoff rate (m/s). 

Note that the fluxes i, e, f, and q are expressed as flow rates per unit area 
(m3/sec/m2 = m/s). 

Hydrology Reference Manual Volume I 21 

Presenter Notes
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


		

		(modified 3-1)







where: 

	 r   =   runoff from upgradient subcatchment (if present), (m/s)

		i

		=

		rate of rainfall + snowmelt (m/s)



		e

		=

		surface evaporation rate (m/s)



		f

		=

		infiltration rate (m/s)



		q

		=

		runoff rate (m/s).







Note that the fluxes i, e, f, and q are expressed as flow rates per unit area (m3/sec/m2 = m/s).





 

  
   

 

Hydraulic Governing Equations 

Continuity 

where 
A =   flow cross sectional area (m2) 
Q = flow rate (m3/sec) 
t = time (sec) 
x = distance (m) 
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Presenter Notes
Presentation Notes
At nodes, storage units



   
 

  

 

SWMM - Manning Equation 

where 
Q 
n 
A 
R 
S 

=
= 
= 
= 
= 

  flow rate (m3/sec) 
Manning roughness coefficient 

  flow cross sectional area (m2) 
hydraulic radius (m) 
slope (m/m) 
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Pipes with Circular Force  
Main Cross sections 

Hazen-Williams  

Q =  flow rate 

C = Hazen  Williams C-factor 

A  = cross sectional area 

R = hydraulic  radius 

S = slope 

Darcy-Weisbach 

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

Momentum 
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Presenter Notes
Presentation Notes
Solved at midpoint of conduit



 

Assumptions 

• Assumes  varied, unsteady  flow
(Saint Venant Equations) 

• Level of  Sophistication 
—Steady Flow  Routing 
—Kinematics  Wave Routing 
—Dynamic Wave  Routing 
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Presenter Notes
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 



Kinematic Wave 

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

Cannot have 
• Looped networks 
• Backwater effects 
• Pressure-flow conditions 
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Presenter Notes
Presentation Notes
Define kinematic

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


 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 

https://slideplayer.com/slide/6357250/ 
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Presenter Notes
Presentation Notes
Explain Dynamic

https://slideplayer.com/slide/6357250


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



Questions? 
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Day 1 
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1. SWMM Fundamentals 
2. Getting Started with  SWMM 
3. Building the  Hydraulic Model 
4. New  Features in SWMM 
5. Building  the Hydrologic  Model 
6. Day One  wrap-up 



 Storm Water Management Model 

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

Presenter Notes
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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Presenter Notes
Presentation Notes
Need Admin rights

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 Notes
Presentation Notes
Get EZTECH, load onto your desktop

https://www.epa.gov/water-research/storm-water-management-model-swmm
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New User’s Manual 
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 SWMM Reference Manuals 
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 Use the SWMM Tutorials 

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



Day 1 
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1. SWMM Fundamentals 
2. Getting Started with  SWMM 
3. Building the  Hydraulic Model 
4. New  Features in SWMM 
5. Building  the Hydrologic  Model 
6. Day One  wrap-up 



Demonstration of SWMM Tutorial 
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Demonstration of SWMM 

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

• Calibration of SWMM 

43 



1. SWMM Fundamentals 
2. Getting Started with  SWMM 
3. Building the  Hydraulic Model 
4. New  Features in SWMM 
5. Building  the Hydrologic  Model 
6. Day One  wrap-up 

Day 1 
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    New Features Added to EPA SWMM 

• HEC-22  Inlet Analysis 

• Control Rule Extensions 

• Variable Speed  Pumps 

• Functional Storage Shapes 
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 HEC-22 Inlet Analysis 

• Inlets convey  runoff from street pavements into  
below ground storm  sewers. 

• Inlet type, sizing and spacing  chosen to meet limits  
on spread & depth of water  on pavement. 

• FHWA “Urban Drainage  Design Manual” (HEC-22) is  
the de facto  standard  for inlet analysis. 
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  Factors Affecting Inlet Flow Capture 

On-Grade Grates: 
● Approach flow rate, velocity &  spread 
● Street  cross slope  &  curb depression 
● Grate  width  &  length 

On-Grade  Curb Openings: 
● Approach flow  rate 
● Street  slope, cross slope, roughness  &  curb 

depression 
● Opening length 

On-Sag Inlets: 
● Depth of  water  at  curb 
● Grate  width, length & area  of  openings 
● Curb opening length &  height 
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Modeling a Dual Drainage System 

Methods for Modeling Dual Drainage Systems 

• Flow divider nodes 

● Lateral flow 
adjustment 

• Shared nodes with offset 

• Orifice or outlet links 
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 Inlet Analysis Using Lateral Flow Adjustment 

At each  flow routing  time  step: 

● Compute each inlet’s  flow  capture  (Qc) using HEC-
22 methods 

● Add  Qc  to sewer node’s lateral inflow 

● Subtract  Qc from  lateral  inflow to inlet’s street  
node 

● Add any sewer  node overflow  to  street  node’s  
lateral inflow 

● Apply usual  flow  routing procedure 
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  Step 1 - Layout the street and sewer networks 
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  Step 2 - Create a collection of Street cross-
sections 
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   Step 3 - Assign Street cross-sections to street 
conduits 
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   Step 4 - Create a collection of Inlet 
designs 
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Supported Inlet Types 

Custom Inlet 

Curb & Gutter Inlets Drop Inlets 
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  Step 5 - Assign Inlet designs to streets 
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Step 6 - Run an analysis and view the Street 
Flow Summary Report 
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 Reduced Capture Due to Full Manhole 
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Control Rule Enhancements 

Control rule premise  clauses expanded to  include: 

• additional control parameters 
—rain gage  current rainfall &  next rainfall 
—node full  depth, volume, head 

—conduit length, slope, full  depth, full flow, velocity 

• named  variables as aliases for Object  - ID  - Property 
Variable N23 =  Node  23 Depth 

• math expressions  containing named  variables 
Expression HGL  = abs(H23.1-H23.2)/L23 
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Example of Enhanced Control Rules 

[RULES] 
variable  Q1 = LINK 1 FLOW 
variable  Q2 = LINK 2 FLOW 
variable  Q3 = LINK 3 FLOW 
expression Net_Inflow = (Q1 + Q2)/2 - Q3 

rule 1 
if Net_Inflow > 0.1 
then ORIFICE 3 Setting = 1 
else ORIFICE 3 Setting = 0.5 
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Variable Speed Pumps 

• Requires  a Head (H)  v.  Flow (Q)  performance curve that  

obeys the pump affinity laws: 

Q2/ Q1 = n2/  n1    H2/H1 = (n2/ n1)^2 

• These determine how  the curve shifts as impeller  speed 

changes  from  a nominal  value n1 to n2. 

• SWMM’s  Type 3 Pump uses  a H-Q curve that  
only  follows the flow  affinity  law as  its speed 
setting is changed. 

• A  new  Type 5 pump has  been introduced that 
obeys  both affinity laws. 

n2/n1 
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New Type 5 Pump Curve v. Existing Type 3 Curve 

If Simulation Time = 0 

Then Pump Type3 

Setting = 1.2 

And Pump Type5 Setting 

= 1.2 
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Storage Unit Curves 

• SWMM represents  storage  unit shapes  with a surface  area  v.  
depth curve. 

• Either a tabular listing  of  area &  depth  points  or a functional 
formula: 

Area = A0 + A1  * Depth^A2  can be used. 

• The  functional  option cannot represent common regular shapes  
where all sides are sloping (e.g.  truncated  pyramids). 
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  New Functional Storage Curves Added 

Truncated  Rectangular  Pyramid: 

Area  =  L*W + 2*(L+W)  *  S*Depth  + 
4*(S*Depth)^2 

Truncated Elliptical  Cone: 

Area = PI * (L*W  + 2*W*S*Depth + 
(W/L)(S*Depth)^2) 
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Questions? 

64 



Presentation Outline 

1. SWMM Fundamentals 
2. Getting Started with SWMM 
3. Building the Hydraulic  Model  
4. Building the Hydrologic  Model 
5. Discussion of Results 
6. Day  One Wrap-up 
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Demonstration 
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Presentation Outline 

1. SWMM Fundamentals 
2. Getting Started with SWMM 
3. Building the Hydraulic  Model  
4. Hydrologic Model 
5. Discussion of Results 
6. Day  One Wrap-up 
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Demonstration 
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Presentation Outline 

1. SWMM Fundamentals 
2. Getting Started with SWMM 
3. Building the Hydraulic  Model  
4. Hydrologic Model 
5. Discussion of Results 
6. Day  One Wrap-up 
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Questions? 
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Next Day 
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Presentation Outline 

1. History  of SWMM 
2. Using SWMM for  Low Impact Development 
3. Building LID Model 
4. Demonstration of EPA Stormwater Calculator 
5. Ground-Truthing SWMM 
6. Day Two Wrap-up 
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• The people responsible 

Presenter Notes
Presentation Notes
http://www.aquaterra.com/resources/pubs/fiftyyearwatershedconferenceIntro.php I am new whereas many people here have far more experience with SWMMMany improvements contributed by private individuals and consulting firmsCombines hydrology and hydraulics in single packageSpatial scalability (from single sites to large sewer- and watersheds)Data scalability (requirements match complexity of analysis)Robust support through a long-lived and very active user forumLew wants to delete



 

                  

  

 

• History of EPA and SWMM 

1971 1975 1981 1983 1988 2005 2014 

SWMM I 
SWMM II 

SWMM 3 
SWMM 3.3 

SWMM 4 SWMM 5.0 
SWMM 5.1 

2002 

SWMM Redevelopment Project 

SWMM 5.2 3/30/2017 
Others 

SWMM-CAT 1.1 
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Presenter Notes
Presentation Notes
EPA – Rich Fields, Dennis Lai, Evan Fan, Tony Tafuri, Dan SullivanBob DickinsonLarry RoesnerCharles Rowney  CDM 1971-2005+Extran fully dynamic flow modeling.  Explicit solution of Saint Venant equationsSWWM Open Fortran source codeContinuous Simulation Advantages:Follow lead of HSPF (nee Stanford WM) and HEC STORM (Roesner et al., 1974) M&E also had model that fell by the wayside Optimize using historic precipitation series > Hourly data since 1948, 15-min data since 1973 (fewer stations), 5-min for many stations since 2001 Select historic design events Select design event on return period of parameter of interest, e.g., peak flow, runoff volume, concentration, load, etc. Avoid synthetic hyetographs.(Some!) Limitations of SWMMPoorly applicable to large-scale, non-urban watersheds. Poorly applicable to forested areas or irrigated cropland. Should not be used with highly aggregated (e.g., daily) rainfall data. Does not include the entire urban water budget, e.g., irrigation, water supply. Not a fully integrated urban water model. No sediment transport or erosion routines. No receiving water quality modeling (as in WASP or HSPF) or quality routing in subsurface. SWMM is an analysis tool, not an automated design tool. Direct linkages to GIS occur only through proprietary graphical user interfaces (GUIs).



 
  

  

    
  

 
   

    

     
  

  

• SWMM Development Chronology 
Version Year Contributors Comments 
SWMM I 1971 Metcalf & Eddy, Inc. 

Water Resources Engineers 
University of Florida 

First version of SWMM; focus was CSO modeling; few of its 
methods are still used today. 

SWMM II 1975 University of Florida First widely distributed version of SWMM. 

SWMM 3 1981 University of Florida 
Camp Dresser & McKee 

Full dynamic wave flow routing, Green-Ampt infiltration, 
snow melt, and continuous simulation added. 

SWMM 3.3 1983 EPA First PC version of SWMM. 
SWMM 4 1988 Oregon State University 

Camp Dresser & McKee 
Groundwater, RDII, irregular channel cross-sections and other 
refinements added over a series of updates throughout the 
1990’s. 

SWMM 5 2005 EPA 
CDM 

Complete re-write of the SWMM engine in C; graphical user 
interface added; improved algorithms and new features 
provided. 

SWMM 5 - LID 2010 EPA Explicit modeling of LID controls added. 
SWMM 5 2018 EPA + Community Community Development 

https://github.com/USEPA/Stormwater-Management-Model 
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Presenter Notes
Presentation Notes
LIDEngine for SWC Go back through 50 years and CHIWATERSource code for engine (“C”) and GUI (Pascal and Borland Delphi), available for free download.Al Burdoin, Metcalf and Eddy, the Father of buildup-washoffWayne Huber, Jim Heaney (mention Joong Lee) University of FloridaA particular effort was made in the original SWMM project for verification and testingIncorporate this information into the previous slide and remove

https://github.com/USEPA/Stormwater-Management-Model
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• Agile Development and 
 Open-Source Community Process •

https://github.com/USEPA/Stormwater-Management-Mode l 

Presenter Notes
Presentation Notes
Computer Science ORISE\NRCOpen-Source Community Development

https://github.com/USEPA/Stormwater-Management-Mode
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• Stakeholders  - >30,000  2022 downloads 

Regulators 
Communities, 
Utilities, 
Private industry, 
Consultants, 
Academia 

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

Presenter Notes
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
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• Open SWMM https://www.openswmm.org/ 
• 

Presenter Notes
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/


Technical Support - OPEN SWMM 
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Presenter Notes
Presentation Notes
Listserve 2/14/2018



 

• USEPA – Curator  of SWMM Code 

• Contribute  to  improve scientific  aspects of SWMM 
• Work with Stakeholder  community 
• Assist where possible with testing  and ground-truthing of     

SWMM’s numerical  models and other  software 
• Publish an Official  Version of SWMM 
• Move SWMM into 21st Century 

https://www.epa.gov/water-research/storm-water-management-model-swmm 
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Presenter Notes
Presentation Notes
Work with stakeholder community to …Publish an “official” EPA version of SWMM and maintain a code repository for it.Assist where possible with testing and ground-truthing of SWMM’s numerical models.Contribute to improving scientific aspects of SWMM Ability to develop different core computational code Provide a comprehensive API that can build, modify, , and run SWMM models using functions from a variety of programming languages (C, Python, etc.) Provide hooks into the API that allow it to work with other 3rd party APIs Provide linkages to other watershed models (SWAT,  HSPF,  WASP, VELMA, KINEROS2)

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


Questions? 
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Presentation Outline 

1. History  of SWMM 
2. Using SWMM for  Low Impact Development 
3. Building LID Model 
4. Demonstration of EPA Stormwater Calculator 
5. Day Two Wrap-up 
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  Urbanization Changes the Hydrologic Cycle 

 Soils and  vegetation  are  
replaced with 
impervious surfaces 

 Impervious surfaces are  
connected to  dense  
drainage networks 

 Runoff  drains  directly 
into streams,  lakes,  
wetlands,  and coastal  
waters 

 Even small storms 
generate sig nificant  
runoff 
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Presenter Notes
Presentation Notes
But Swmm is for Urban



 

 
  

    
 

      

 
  

  
 

      
    

Approaches to Managing Stormwater 

The Conveyance Approach – 
Rapidly remove stormwater from impervious surfaces to receiving 
streams by way of engineered drainage systems (e.g. culverts, 
storm drains, and channelized streams ). 

“Water is a problem. Its the enemy. Get it away from here. 
NOW!” 

The Infiltration Approach – 
Retain stormwater as close as possible to its originating source(s), 
infiltrating as much as possible into the soil by using best 
management practices and strategies. 

“Water is a precious resource, keep it here, clean it, save it for 
later -we need it, and our local our ecosystems need it too!” 
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LID Modeling in SWMM 

Presenter Notes
Presentation Notes
Special to me SSWR 5.01 PL Green Infrastructure 
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End-of-Pipe  Stormwater BMPs 

Ponds Wetlands 

Sand Filters High Rate Treatment 



  Types of LIDs Modeled 

Disconnection Infiltration Basin 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.GO TO SWMM



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



  More Green Infrastructure 

 Green Roof 

Subcatchments 

Permeable Pavement 

Roof Disconnection 
Vegetative Swale 89 

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



Building LID Module in SWMM 
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Questions? 
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Presentation Outline 

1. History  of SWMM 
2. Using SWMM for  Low Impact Development 
3. Building LID Model 
4. Demonstration of EPA Stormwater Calculator 
5. Day Two Wrap-up 
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National Stormwater Calculator (SWC)
• 

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

Presenter Notes
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 
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National Stormwater Calculator 
The  user specifies the site’s land  cover and selects a set  of LID  controls. 
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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 

Projected Changes in Annual Runoff 
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Climate Change 

9797 



SWC runs  SWMM to generate  daily  rainfall/runoff  statistics. 

National Stormwater Calculator 
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LID Cost Estimation Module: 

Co
st 

Area 

Presenter Notes
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.



Questions? 
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Day 3 
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1. Interpreting More Complicated SWMM  Results 
2. Where to  get Data 
3. SWMM  Climate Adjust  Tool 
4. Ground  Truthing SWMM 
5. Course Wrap  Up 



   
   

   

Detention Pond Design Example 

Outlet 
Structure 

Design Requirement 
Post development peak flow = 
pre-development peak  flow (11 cfs) 
for the 10-yr, 24-hr design storm 
(2.8”) 
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Pond Design: 
Area: 0.5 acres 
Depth: 6 ft. 
Volume: 1 Mgal 
Orifice: 0.75’H x 1.5’W 



ate Rain 
ardens 

 

 
 

 
 

500 acres
1 MGD ADF
64 CSO’s/yr

Sub Area Percent Impervious
Public Porous

Pavement
Public Street 

Planters
Priv

G
101 55 10 10
102 35 10 5
103 28 10 5
104 55 10 10
105 22 10 5
106 31 10 5
107 46 10 10
108 38 10 5
109 35 10 5
110 75 20 20
111 17 0 5
112 59 15 10
113 39 10 5
114 29 10 5

CSO Example  – Green +  Gray Options 

Gray Only Gray + Public Green Gray + Public & Private Green 
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Microbial Fate & Transport Example 



Hydraulic Animation 
(Courtesy of Robert Dickinson,  Innovyze) 
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Questions? 
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Day 3 
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1. Interpreting More Complicated SWMM  Results 
2. Where to  get Data 
3. SWMM  Climate Adjust  Tool 
4. Ground  Truthing SWMM 
5. Course Wrap  Up 



 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) 

• Site Configuration 
—Subcatchment area 
—Drainage flow 

• Hydraulic Configuration 
—Conduit geometry, length 
—Network schematic 
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Where to get information 

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


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

https://www.ncdc.noaa.gov/isd 
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Key Websites discussed 

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

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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Next Day 
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Day 3 
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2. Where to  get Data 
3. SWMM  Climate Adjust  Tool 
4. Ground  Truthing SWMM 
5. Course Wrap  Up 



  

   
      

   
  

  

Climate Variables Influencing SWMM 

• Precipitation 
—Directly impacts runoff  amounts. 

—Determines whether drainage components 
(curb inlets, pipes, pumps, weirs, etc.) & 
stormwater control measures (ponds, LID 
practices, treatment devices) will meet their 
design objectives. 

• Temperature 
—Affects evaporation rates. 

—Affects snowfall and snow melt amounts. 
116 



Challenges of Climate Change for  
Hydrology Models  

• Complex  regional  and seasonal patterns of average 
precipitation changes  will occur. 

• Storm events  may be less frequent but more intense. 
• Winter snowfall  and snow melt will  be affected by  warmer  

temperatures. 
• Warmer  temperatures will also increase evaporation rates  

which might affect groundwater  flow and stream base flows. 
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Approaches to Incorporating Climate Change 
into Localized Hydrology Models 

• Use the output of  dynamic  regional  climate 
models  to drive a localized runoff  model. 

• Allow model  users  to form  their own scenarios  
for  manipulating l ocal historical records (BASINS-
CAT). 

• Develop sets  of localized seasonal adjustment 
factors from  downscaled  global climate models  
that can be applied  to local historical records  
(EPA-CREAT). 
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SWMM-CAT 

• Provides an add-in tool to SWMM to identify  
seasonal changes in precipitation and temperature,  
as  well as  changes  in extreme design events,  at a  
localized level. 

• Uses  downscaled  GCM  data to identify  a range of  
precipitation and temperature adjustments  at 
several thousand  locations  across the US for  both 
near and far  term future periods. 

• Allows the user to apply their  own climate 
adjustments if  they so choose. 
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Source of Climate Change Data 

IPCC/WCRP CMIP5 BOR/LLNL EPA-CREAT 3.1 
Daily climate 
projections for  
2020-2074 from 9 
GCM models at a 
coarse (2-5°) scale. 

Downscaled 
projections of  
monthly averages 
to ½ degree grid 
cells. 

Select Warm/ 
Wet, Median,  & 
Hot/Dry out-
comes   for each 
cell. 

SWMM-CAT 1.1 
Mapping of monthly 
CREAT scenarios 
(including PET and 
extreme events) to 
7,000 NWS stations. 

IPCC – International Program for Climate Change; WCRP – World Climate Research Program; 
CMIP5 – 5th Coupled Model Intercomparison Project; 
BOR – Bureau of Reclamation; LLNL – Lawrence Livermore National Laboratory; 
CREAT - Climate Resilience Evaluation and Analysis Tool 
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IPCC – International Program for Climate Change; WCRP – World Climate Research Program; CMIP3 – 3rd Coupled Model Intercomparison ProjectBOR – Bureau of Reclamation; LLNL – Lawrence Livermore National LaboratoryCREAT - Climate Resilience Evaluation and Analysis Tool
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Far-Term (2045-2074) Climate Adjustments for Cincinnati, OH 
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Seattle Boston 

Phoenix Miami 



Pond  Design: 
Area: 0.5 acres 
Depth: 6 ft. 
Volume: 1 Mgal 
Orifice: 0.75’H x  1.5’W 









Pond Outflow for 10-Year, 24-Hour Design Storm 
2.8" Storm, 1 Mgal Pond 3.2" Storm, 1 Mgal Pond 3.2" Storm, 1.25 Mgal Pond 
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SWMM-CAT Summary 

• Provides seamless integration of  downscaled  
climate change scenarios with SWMM. 

• Accounts for  variability in climate  
projections and future prediction periods. 

• Includes  seasonal adjustments  of  average 
temperature, evaporation and precipitation. 

• Includes  changes  in extreme event rainfall. 

• Does not address  changes  in individual  
storm event magnitudes,  durations, and  
frequencies. 

128 



Questions? 
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Day 3 
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• Accuracy\Uncertainty 

• Physical Reality 
• Scientific Understanding 
• Mathematical Abstraction 
• Programming 
• Parameter estimation 
• Results, compared  to observations 
• Repeat 

https://www.google.com/search?q=mathematical+abstraction+of+hydrology+images&tbm=isch&source=iu&ictx=1&fir=eDv9KY_zn 
XaWlM%253A%252CYzICHXicd0xv_M%252C_&usg=AI4_-kS544Xrnn5UpDuff0UJU6D1Tpt-
VA&sa=X&ved=2ahUKEwjT0vG6jb7eAhXN0VMKHWipC30Q9QEwAHoECAQQBA#imgdii=j7R4otA9j2apTM:&imgrc=B3LrwJmLR8 
4z9M: 
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Presenter Notes
Presentation Notes
www.geology.wisc.edu/courses/g724/week11b.ppt Misleading results otherwise…  “Flaw of averages”Explicit “precision” of results.Some decisions are about uncertainty,  e.g., to gather more information and contingency 	planningImproved combining of information sources.Productivity:  Probabilities & distributions can often be estimated more quickly than 	expected values (!)Sensitivity analysesCausal modeling & abduction (diagnostic reasoning)



  • Types of LIDs Hydrology Tested 

Rain Garden/Bioretention 

Infiltration Trench Green Roof 

Vegetative Swale 

Platz,  M.;  M.  Simon;  and M.  Tryby  (2020).    
“Testing of  the SWMM  Model’s LID  Modules.”   
Journal of  Sustainable  Water  in the Built  
Environment  

https://doi.org/10.1111/1752-
1688.12832 

Porous Pavement 
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https://doi.org/10.1111/1752-1688.12832


 

 

 

 

  

  

 

LID Studies used for testing 

LID Type Research Organization Location Name of Project Reference 

Bio-retention North Carolina State University, NC Graham Bio-Retention (Passeport et al. 2009) 

Rain Garden Villanova University, PA Villanova BTI Rain Garden (Lord 2013) 
Infiltration Trench Villanova University, PA Villanova Infiltration Trench (Emerson 2008) 

Vegetated Swale University of Maryland, Savage, MD UMD BioSwale (Davis et al. 2012) 

Vegetated Swale Washington State Department of 
Transportation, King County, WA 

Washington DOT BioSwale (Maurer 2009) 

Green Roof City of Portland, OR Hamilton Ecoroof (Hutchinson et al. 2003) 
(She and Pang 2010) 

Green Roof City of Seattle, WA EOC Green Roof (Cardno TEC. 2012) 

Green Roof City of Seattle, WA FS10 Green Roof (Cardno TEC. 2012) 
Porous Pavement North Carolina State University, 

Kingston, NC 
Boone Porous Pavement (Wardynski et al. 2013) 
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Seattle ECO Green Roof Hydrograph 

Observed Inflow Observed Outflow Simulated Outflow 
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Goodness of Fit 

Coefficient of Determination 

𝑛𝑛 𝑂𝑂𝑖𝑖 − 𝑂𝑂𝑚𝑚𝑚𝑚𝑚𝑚𝑛𝑛 𝑃𝑃𝑖𝑖 − 𝑃𝑃𝑚𝑚𝑚𝑚𝑚𝑚𝑛𝑛 ∑𝑖𝑖=1 

2 

𝑅𝑅2 = 𝑛𝑛 𝑂𝑂𝑖𝑖 − 𝑂𝑂𝑚𝑚𝑚𝑚𝑚𝑚𝑛𝑛 2 𝑛𝑛 𝑃𝑃𝑖𝑖 − 𝑃𝑃𝑚𝑚𝑚𝑚𝑚𝑚𝑛𝑛 2∑𝑖𝑖=1 ∑𝑖𝑖=1 

Nash-Sutcliffe Efficiency Statistic 
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∑𝑖𝑖=1 
𝑛𝑛 

𝑁𝑁 − 𝑆𝑆 = 1 − ∑𝑖𝑖=1 
𝑛𝑛 

𝑂𝑂𝑖𝑖 − 𝑃𝑃𝑖𝑖 2 

𝑂𝑂𝑖𝑖 − 𝑂𝑂𝑚𝑚𝑚𝑚𝑚𝑚𝑛𝑛 2 



Hydrograph from UMD Bioswale analysis 
depicting  early outflow  start-time 
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Boone Porous Pavement  hydrograph 
depicting  early outflow  start-time 
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Multi-event Calibration Method 

Storm 1 Storm 2 Storm 3 Storm 4 Average 

Calibration NSE, NSE,  NSE, Storm 1 Calibration 
NSE,  𝑅𝑅2  𝑅𝑅2  𝑅𝑅2  𝑅𝑅2   AVG NSE, 𝑹𝑹𝟐𝟐

NSE, Calibration NSE,   NSE,  NSE, Storm 2 Calibration 
 𝑅𝑅2  𝑅𝑅2  𝑅𝑅2  𝑅𝑅2  AVG NSE, 𝑹𝑹𝟐𝟐 

NSE,  NSE, Calibrati  on NSE,  NSE, Storm 3 Calibration 
 𝑅𝑅2  𝑅𝑅2  𝑅𝑅2  𝑅𝑅2  AVG NSE, 𝑹𝑹𝟐𝟐 
 NSE,  NSE,  NSE, Calibration Storm 4 Calibration 

 𝑅𝑅2  𝑅𝑅2  𝑅𝑅2
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  NSE, 𝑅𝑅2  AVG NSE, 𝑹𝑹𝟐𝟐 
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PEST 

http://www.pesthomepage.org/ 

http://www.pesthomepage.org
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 How PEST Works 

https://www.google.com/search?q=parameter+estimation+images&tbm=isch&tbo=u&source=univ&sa=X&ved=2ahUKEwik0dbkzbHeAhVyTt8KHW6TDR0QsAR6BAgFEAE&biw=1680&bih=941#imgrc=F 
bdsdbiAFfzVvM:   J. Doherty  2007 

https://www.google.com/search?q=parameter+estimation+images&tbm=isch&tbo=u&source=univ&sa=X&ved=2ahUKEwik0dbkzbHeAhVyTt8KHW6TDR0QsAR6BAgFEAE&biw=1680&bih=941#imgrc=FbdsdbiAFfzVvM



Alternative models





Consider predictions





Adjust parameter values and model construction





Societal decisions





Evaluate predictions and prediction uncertainty





Predictions





Evaluate model fit and estimated parameter values





Parameter estimation





Compare simulated & measured values using objective function








Model(s),


Parameters





Observations


Related to model output. Use to calibrate model





System information 


related to model inputs, use in model development










 

   

 

Parameter Estimation Algorithm 

Levenberg–Marquardt algorithm (LMA or just LM), AKA damped least-squares (DLS) 

https://en.wikipedia.org/wiki/File:Lev-Mar-best-fit.png y =acos(bX) + bsin(aX) 

BY-SA 3.0, https://en.wikipedia.org/w/index.php?curid=7326407 
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https://en.wikipedia.org/wiki/File:Lev-Mar-best-fit.png


142 

 

  

Parameters for a SWMM LID Green Roof 

Drainage Mat Layer 



Most Sensitive Parameters 

Parameter Rank 

Width 7 
LID Usage Initial Saturation 5 

Porosity 4 
Soil Field Capacity 2 

Wilting Point 1 

Drainage Mat Void Ratio 
Roughness 

3 
6 

1 = most 
7 =  least  
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LID Module Performance Summary Table 

LID Name 
Average NSE 

Value Average r2 Value 
Graham Bio-retention 0.86 0.93 

Villanova BTI Rain Garden 0.86 0.96 
Villanova Infiltration Trench 0.65 0.67 

UMD BioSwale 0.78 0.87 
Washington DOT BioSwale 0.70 0.91 

Hamilton Ecoroof 0.92 0.90 
EOC Green Roof 0.94 0.97 
FS10 Green Roof 0.93 0.84 

Boone Porous Pavement 0.74 0.89 
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SWMM LID Modeling Weakness 



LID Study Conclusions 

• PEST is a useful tool for  parameter  estimation 
• Multi-storm calibration quantified variance in calibration method 
• SWMM  LID can model hydrology  with 

—NSE ranging  from 0.65- 0.94 
—R2 ranging from   0.67 – 0.97 

• SWMM  LID Module does not account for  lateral exfiltration which 
is important  for deep, narrow,  LIDs, such as Infiltration Trenches 

• EWRI LID Group was formed to improve scientific  underpinnings 
of SWMM 

• Next step – test  water quality and LID  aggregations 
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Questions? 
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 Summary of Presentation 
1. SWMM Fundamentals 
2. Getting  Started with SWMM 
3. Building  the Hydraulic Model  
4. New Hydraulic Features  to  SWMM 
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6. History of SWMM 
7. Using SWMM  for  Low  Impact Development 
8. Building LID Model 
9. Demonstration  of  EPA Stormwater Calculator 
10. Ground-truthing SWMM 
11. Interpreting  More Complicated SWMM Results 
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13. SWMM  Climate Adjust Tool 
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Thank You! 

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

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