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Disclaimer 

The U.S. EPA, through its Office of Research and Development, funded and 
collaborated in the research described in this presentation. It has been subjected 
to the agency's administrative review and has been approved for external 
publication. Opinions expressed in this presentation are those of the author and 
do not necessarily reflect the views of the agency; therefore, no official 
endorsement should be inferred. 

Any mention of trade names, manufacturers, or products does not imply an 
endorsement by EPA. EPA and its employees do not endorse commercial 
products, services, or enterprises.
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Recent Updates to SWMM 5.1 
Michelle Simon,  Ph.D., P.E. 

United S tates Environmental Protection A gency 
Villanova University Seminar 

March 23, 2021 
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  Talk Outline – kudos to Lew Rossman 

Introduction 
EPA’s S tormwater  Management  Model    

(SWMM) 
SWMM 5.1.013 
SWMM 5.1.014 
SWMM 5.1.015 
SWMM 5.1.016 - beta version 
Summary 
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What is SWMM? 
https://www.epa.gov/water-research/storm-water-management-model-swmm 

SWMM  is  a public domain, distributed,  
dynamic hydrologic - hydraulic -
water quality model  used for  
simulation of runoff  quantity and  
quality from primarily  urban areas.  
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https://www.epa.gov/water-research/storm-water-management-model-swmm


 EPA Stormwater Management Model 

https://www.epa.gov/water-research/storm-water-management-model-swmm 
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  Why EPA needs SWMM (CSO, MS4,TMDL, NPDES) 
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 SWMM – Many stakeholders 
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Downloaded >30,000 annually 



  

            
           

    

    

 
 

  

Jay Garland, Nichole Brinkman, Greater Cincinnati Water Works 

Using SWMM to calculate COVID detection 

Estimated kinetic parameters of SAR-CoV-2 attenuation in wastewater at 
ambient temperature 

Time to 99.9% 
reduction (hours) 

Half-Life, 
t1/2 (hours) 

Mean Lifetime, τ 
(hours) 

Decay constant, 
λ 

Brinkman.Nichole@epa.gov 

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

https://www.epa.gov/healthresearch/research-covid-19-environment 

48 4.82 6.95 0.143 

72 7.22 10.4 0.096 

Olga E. Hart, Rolf U. Halden, 2020 Computational analysis of SARS-CoV-2/COVID-19 surveillance by wastewater-based epidemiology locally and 
globally: Feasibility, economy, opportunities and challenges, Science of The Total Environment, Volume 730, 2020 
https://doi.org/10.1016/j.scitotenv.2020.138875 9 
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Abstract: With the economic and practical limits of medical screening for SARS-CoV-2/COVID-19 coming sharply into focus worldwide, scientists are turning now to wastewater-based epidemiology (WBE) as a potential tool for assessing and managing the pandemic. We employed computational analysis and modeling to examine the feasibility, economy, opportunities and challenges of enumerating active coronavirus infections locally and globally using WBE. Depending on local conditions, detection in community wastewater of one symptomatic/asymptomatic infected case per 100 to 2,000,000 non-infected people is theoretically feasible, with some practical successes now being reported from around the world. Computer simulations for past, present and emerging epidemic hotspots (e.g., Wuhan, Milan, Madrid, New York City, Teheran, Seattle, Detroit and New Orleans) identified temperature, average in-sewer travel time and per-capita water use as key variables. WBE surveillance of populations is shown to be orders of magnitude cheaper and faster than clinical screening, yet cannot fully replace it. Cost savings worldwide for one-time national surveillance campaigns are estimated to be in the million to billion US dollar range (US$), depending on a nation's population size and number of testing rounds conducted. For resource poor regions and nations, WBE may represent the only viable means of effective surveillance. Important limitations of WBE rest with its inability to identify individuals and to pinpoint their specific locations. Not compensating for temperature effects renders WBE data vulnerable to severe under-/over-estimation of infected cases. Effective surveillance may be envisioned as a two-step process in which WBE serves to identify and enumerate infected cases, where after clinical testing then serves to identify infected individuals in WBE-revealed hotspots. Data provided here demonstrate this approach to save money, be broadly applicable worldwide, and potentially aid in precision management of the pandemic, thereby helping to accelerate the global economic recovery that billions of people rely upon for their livelihoods.
Keywords: Wastewater-based epidemiology; Modeling; Global health; Coronavirus

https://doi.org/10.1016/j.scitotenv.2020.138875
https://www.epa.gov/water-research/water-research-webinar-series
https://www.epa.gov/healthresearch/research-covid-19-environment
mailto:Brinkman.Nichole@epa.gov


  

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

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

SWMM 5.1.015 July 2020 
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 EPA_updates.txt  2018-2021 

Preissmann Slot 

Individual  Subcatchment Infiltration 

Dual Drainage 

Storage Unit Shapes 

Variable Speed Pumps 

New Control  Rule Features 

GIS Import - World Coordinates 
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Preissmann Slot 

Photo credit 
https://www.google.com/search?rlz=1C1SQJL_enUS938US938&source=univ&tbm=isch&q=images+for+the+preissman+slot 
&sa=X&ved=2ahUKEwij5bHizKbvAhVrGVkFHYUWDOsQ7Al6BAgFEBA&biw=2000&bih=986#imgrc=N_6wsL9eiqeztM 12 

Original reference  (Cunge and Wegner,  1964 
modified version of a formula  proposed by  Sjőberg (1982)) 

𝑤𝑤 2
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑔𝑔𝑔𝑔/𝑐𝑐  

2.4⁄  𝑤𝑤𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑊𝑊𝑚𝑚𝑚𝑚𝑚𝑚 = 0.5423 exp − 𝑌𝑌⁄𝑌𝑌𝑓𝑓𝑓𝑓𝑠𝑠𝑠𝑠 

W = width of slot 
g = acceleration to gravity 
A  = cross sectional  area 
c = speed of pressure wave 

Wmax = conduit’s maximum  width,  
Yfull is  its full depth,  
Y is depth of  flow 

https://www.google.com/search?rlz=1C1SQJL_enUS938US938&source=univ&tbm=isch&q=images+for+the+preissman+slot&sa=X&ved=2ahUKEwij5bHizKbvAhVrGVkFHYUWDOsQ7Al6BAgFEBA&biw=2000&bih=986#imgrc=N_6wsL9eiqeztM


  Mix of Infiltration Methods 
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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 15 



 Modeling a Dual Drainage System 

Methods  for Modeling 

Dual  Drainage Systems 

Flow  divider nodes 

Shared  nodes  with offset 

Orifice  or outlet links   

Lateral  Flow Adjustment 

Original Source:  FHWA  “Urban Drainage Design Manual” (HEC-22)  
16 



 Inlet Analysis Using Lateral Flow Adjustment 
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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 Original Source:  FHWA  “Urban Drainage Design Manual” (HEC-22)  



   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 InletTypes 

Curb & Gutter Inlets 

Original Source:  FHWA “Urban Drainage Design Manual” (HEC-22) 

Drop Inlets 

Custom Inlet 
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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 p remise  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 26 
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  Example of Enhanced Control Rule 

[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 27 



 Variable Pump Speeds 

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 
n1 
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New Type 5 Pump Curve v. ExistingType 3 Curve 

If Simulation Time = 0 

Then Pump Type3 Setting = 1.2 

And Pump Type5  Setting = 1.2 

29 



 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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  Import Geo Referenced Map 

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

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


 SWMM Reference Manuals 

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


https://www.openswmm.org/ 
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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/


  Open SWMM Code Viewer 
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https://www.openswmm.org/ 

36 

Presenter
Presentation Notes
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.
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 Open Swmm User’s group 
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EPA SWC – Storm Water Calculator 

BASINS Flat Files 
1970-2006 

SWMM is the engine for SWC 
https://www.epa.gov/water-research/national-stormwater-calculator 
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EPA\ORISE Updated Historical Data – COOP and ISD 2006-2019 append 2020 later 
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ISD: https://github.com/barrc/get_ncei/blob/master/src/isd_stations_to_use.csv 

COOP: https://github.com/barrc/get_ncei/blob/master/src/coop_stations_to_use.csv 

https://github.com/barrc/get_ncei/blob/master/src/isd_stations_to_use.csv
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2Fbarrc%2Fget_ncei%2Fblob%2Fmaster%2Fsrc%2Fcoop_stations_to_use.csv&data=04%7C01%7CSimon.Michelle%40epa.gov%7Cf06fcdbc40ef480e6ce508d8d393d117%7C88b378b367484867acf976aacbeca6a7%7C0%7C0%7C637491979102702666%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=UDct2MH%2F5PlHXFkEtT4sTlasr14rkNPD4%2BQpOZNYoVs%3D&reserved=0


0.   EPA SWC-CAT 
SWMM-CAT 
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CREAT 2.0 vs 3.0 
CREAT  3.0,  38-models,  0.5 by  0.5 degree 
2035 (2025-2045)                2060 (2050-2070) 

CREAT 2.0,  9-models,   0.5 by 0.5 degree 
Near Term (2020 - 2049)          Far Term (2045 – 2074)) 

41 



  
 

 

CREAT 3.0 Projected Extreme Events 
• 22 of the 38 models 
• Scalers from 5-year storms 

https://www.epa.gov/crwu/creat-version-30-methodology-
guide-water-utilities 
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https://www.epa.gov/crwu/creat-version-30-methodology-guide-water-utilities


 

 
   

  

Already Available Data from CREAT 3.0 
TEMP_2035_ TEMP_2035_ TEMP_2035_ TEMP_2060_ TEMP_2060_ PRECIP_2035_ PRECIP_2035_ PRECIP_2035_ 
HOTDRY_AN CENTRAL_AN WETWARM_ TEMP_2060_H CENTRAL_AN WETWARM_ HOTDRY_ANN CENTRAL_AN WETWARM_A 

Longitude_ Latitude_ NUAL_CHAN NUAL_CHANG ANNUAL_CH OTDRY_ANNU NUAL_CHANG ANNUAL_CH UAL_CHANGE NUAL_CHANG NNUAL_CHAN 
OBJECTID CREAT_ID Centroid Centroid GEF EF ANGEF AL_CHANGEF EF ANGEF PCT EPCT GEPCT 

1 

2 

3 

4 

5 

9720 

9721 

9722 

9723 

9713 

-67.25 

-66.75 

-66.25 

-65.75 

-67.75 

17.75 

17.75 

17.75 

17.75 

18.25 

1.66 

1.67 

1.67 

1.62 

1.73 

1.55 

1.53 

1.51 

1.49 

1.55 

1.35 

1.35 

1.42 

1.39 

1.44 

3.24 

3.28 

3.26 

3.15 

3.35 

3.04 

2.97 

2.93 

2.93 

3.02 

2.65 

2.65 

2.79 

2.72 

2.81 

-10.31 

-9.35 

-9.26 

-9.89 

-10.66 

-7 

-7.29 

-6.99 

-6.73 

-5.81 

-1.86 

-2.14 

-0.09 

-0.96 

0.55 

a. CREAT 3.0 Climate Projection Data and metadata 
b. CREAT 3.0 Historic Gridded Weather Data and metadata 
c. CREAT 3.0 Historic Weather Station Point Data and metadata 
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https://services.arcgis.com/cJ9YHowT8TU7DUyn/ArcGIS/rest/services/CRWU_CREAT_Grid_Projections/FeatureServer/0/query?where=GRIDCODE+%3D+9475&outFields=*&returnGeometry=false&f=pjson
https://epa.maps.arcgis.com/home/item.html?id=43fe4b6a4f1e419aaa7e3c40eef7bde0
https://services.arcgis.com/cJ9YHowT8TU7DUyn/ArcGIS/rest/services/CRWU_CREAT_Grid_Historic/FeatureServer/0/query?
https://epa.maps.arcgis.com/home/item.html?id=e43b7207f7644df7bed3b9165a36828c
https://services.arcgis.com/cJ9YHowT8TU7DUyn/ArcGIS/rest/services/CRWU_CREAT_Historic_Climate_Stations/FeatureServer/0/query?
https://epa.maps.arcgis.com/home/item.html?id=ecb09b99a0274892b625c5996ec45036


 

 
   

  

Available Data from CREAT 3.0 
TEMP_2 
035_HO 
TDRY_J TEMP_2035_ TEMP_2035_W TEMP_2060_ TEMP_2060_ TEMP_2060_ PRECIP_2035_ 

OBJECT Longitude Latitude_C AN_CH CENTRAL_JA ETWARM_JAN_ HOTDRY_JAN CENTRAL_JA WETWARM_J HOTDRY_JAN_ 
ID CREAT_ID _Centroid entroid ANGEF N_CHANGEF CHANGEF _CHANGEF N_CHANGEF AN_CHANGEF CHANGEPCT 

1 9720 -67.25 17.75 1.66 1.51 1.38 3.23 2.95 2.7 -4.08 
2 9721 -66.75 17.75 1.68 1.51 1.38 3.27 2.94 2.69 -6.79 
3 9722 -66.25 17.75 1.67 1.5 1.44 3.27 2.92 2.81 -7.09 
4 9723 -65.75 17.75 1.59 1.5 1.4 3.11 2.92 2.74 -6.33 
5 9713 -67.75 18.25 1.66 1.56 1.45 3.24 3.05 2.84 -2.98 

a. CREAT 3.0 Climate Projection Data and metadata 
b. CREAT 3.0 Historic Gridded Weather Data and metadata 
c. CREAT 3.0 Historic Weather Station Point Data and metadata 

Demo SWMM-CAT 
44 

https://services.arcgis.com/cJ9YHowT8TU7DUyn/ArcGIS/rest/services/CRWU_CREAT_Grid_Projections/FeatureServer/0/query?where=GRIDCODE+%3D+9475&outFields=*&returnGeometry=false&f=pjson
https://epa.maps.arcgis.com/home/item.html?id=43fe4b6a4f1e419aaa7e3c40eef7bde0
https://services.arcgis.com/cJ9YHowT8TU7DUyn/ArcGIS/rest/services/CRWU_CREAT_Grid_Historic/FeatureServer/0/query?
https://epa.maps.arcgis.com/home/item.html?id=e43b7207f7644df7bed3b9165a36828c
https://services.arcgis.com/cJ9YHowT8TU7DUyn/ArcGIS/rest/services/CRWU_CREAT_Historic_Climate_Stations/FeatureServer/0/query?
https://epa.maps.arcgis.com/home/item.html?id=ecb09b99a0274892b625c5996ec45036


       
    
 

2. We also need to update extreme 24-Hour 
Design Storm disaggregations for various return 
periods 

45 



  Precipitation Frequency Estimates - ME 

46 



PDS-Based depth-duration-frequency curves 

Portland, ME 
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Currently SWC disaggregates extreme events data 
based on 1986 temporal rainfall distribution 

Figure 47. NRCS (SCS) 24-hour rainfall distributions 
(USDA, 1986). 

Figure 48. Geographic boundaries for the different NRCS (SCS) 
rainfall distributions (USDA, 1986). 
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New - NCRS Updated since 1986 
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/water/manage/hydrology/ 
?cid=stelprdb1042793 for 30 states 

temporal_dist_file.txt 

Time 
NOAA_ 
A 

NOAA_ 
B 

NOAA_ 
C 

NOAA_ 
D NRCC_A NRCC_B NRCC_C NRCC_D NV_N NV_S NV_W SCS_I SCS_IA SCS_II SCS_III 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0.1 0.00078 0.00101 0.00128 0.0011 0.00098 0.0012 0.00112 0.00146 0.0011 0.00084 0.0014 0.00174 0.00224 0.00101 0.001 
0.2 0.00141 0.00182 0.00231 0.0022 0.00177 0.00217 0.00224 0.00287 0.0022 0.0017 0.0028 0.00348 0.00432 0.00202 0.002 
0.3 0.00205 0.00265 0.00335 0.00332 0.00257 0.00315 0.00337 0.0043 0.0033 0.0025 0.0043 0.00522 0.00628 0.00305 0.003 
0.4 0.0027 0.00348 0.00441 0.00445 0.00338 0.00414 0.00451 0.00573 0.0045 0.0034 0.0057 0.00697 0.00816 0.00408 0.004 
0.5 0.00336 0.00433 0.00547 0.00559 0.0042 0.00514 0.00566 0.00718 0.0056 0.0043 0.0072 0.00871 0.01 0.00513 0.005 
0.6 0.00403 0.00518 0.00654 0.00674 0.00503 0.00615 0.00683 0.00863 0.0067 0.0051 0.0087 0.01046 0.01184 0.00618 0.006 
0.7 0.00471 0.00605 0.00763 0.0079 0.00587 0.00717 0.008 0.0101 0.0079 0.006 0.0101 0.0122 0.01372 0.00725 0.007 
0.8 0.00539 0.00692 0.00872 0.00907 0.00671 0.0082 0.00919 0.01158 0.009 0.0069 0.0116 0.01395 0.01568 0.00832 0.008 
0.9 0.00609 0.0078 0.00982 0.01025 0.00757 0.00924 0.01038 0.01306 0.0102 0.0078 0.0131 0.0157 0.01776 0.00941 0.009 

AL, AK, AR, CA, CO, CT, DE, FL, GA, IN, IA, KY, LA, ME, MD, MA, MN, NE, 
NV, NH, NJ, NY, OH, PA, RI, SC, TN, VT, VA, WV, Washington DC is in MD 49 

https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/water/manage/hydrology/?cid=stelprdb1042793


 
        

  

  
   

The new temporal distributions are region-specific. 
For example, NOAA_A – NOAA_D apply to the Mid-Atlantic states and NRCC_A – NRCC_D apply to New 
England. 

For Maine, the shapefile ME_counties_WGS72.shp shows that 
Maine falls in temporal distributions B, C, and D: 

o This is shown in the attribute table by Rf_Dist. 
o Maine uses the NRCC_ prefix. 
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Some states don’t have new NRCS temporal 
distributions available. 

AZ, HI, ID, IL, KS, MI, MS, MO, MT, NM, NC, ND, OK, OR, SD, TX, UT, WA, WI, WY 

For those the data from ireg_zones.shp should be used. This shapefile represents the NRCS 1986 legacy rainfall 
distribution storm types that are currently used by the SWC. 
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Any questions 

Contact:   Simon.michelle@epa.gov 
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