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SWMM 5.1.009
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New File

Study Area Map

Data Browser 
Panel
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Standard Toolbar
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Map Toolbar
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Object Toolbar
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Data Browser Panel

7



Storm Water  Management  Mode l  (SWMM)  T ra in ing

Add a Backdrop Image
• Open the “Backdrop Image Selector” and import an image (if available).  This 

setting is optional.
• View - > Backdrop -> Load… - > “Browse for image”

• Open the “Backdrop Dimensions” editor and enter in the desired coordinates.
• View - > Backdrop - > Resize…

• The Backdrop image can also be moved in the Study Area Map
• View - > Backdrop - > Align
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Backdrop Watermark
• To screen back the image, there is an optional “Watermark” setting.
• View - > Backdrop - > “Watermark”

w/o Watermark w/ Watermark
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PRE‐PROJECT MODEL SETUP
Example Project – Institutional Living
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Example Project Site
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New File
• Open a new SWMM file
• File - > Save As -> “ExampleProject_PRE.inp” in the folder “…\MyModel\”

• Note: The “.inp” file path corresponds to the model’s input file.
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Tit le/Notes Editor
• Select “Title/Notes” in the Data Browser Panel
• Click on the edit button to open the “Title/Notes Editor”
• Insert text to identify the project name, modeled condition, etc.
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Simulat ion Options

• Select “Options” in the Data Browser Panel
• Click on the edit button to open the “Simulation Options” window
• Select Green Ampt
• Select Kinematic Wave
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Simulat ion Options (Cont. )

• In the “Dates” tab, insert the “start” and “end” analysis dates based on the available time-series.
• Note: The dates shown below are only applicable to the Poway gage.

• In the “Time Steps” tab, insert the analysis and routing time steps below.
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Climatology: Evaporation
• Select “Climatology”  and “Evaporation” in the Data Browser Panel
• Click on the edit button to open the “Climatology Editor”
• Under “Source of Evaporation Rates,” select “Monthly Averages”
• Input the CIMIS Reference Evapotranspiration (ETo)

rates in inches/day. 
• Note: This example shows CIMIS Zone 6 rates.
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Add Rain Gage
• Click the “Add a Rain Gage” icon, then insert a rain gage on the “Study Area Map”

• Note: The X- and Y-Coordinates do not need to match.

• Click the selector arrow, then double-click on the icon to edit the properties
• Next, double-click on the “ * ” under TIME SERIES: “Series Name” to open the “Time 

Series Editor”
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Add Time Series
• Insert a “Time Series Name”
• Select “Use external data file…”
• Navigate to the rainfall data file (“poway.dat”) on 

the computer
• Note: If the rainfall data file is located within the same directory, 

you can type in the file name directly.
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Check Process Models
• Let’s check the “Process Model”
• After adding a Rain Gage, the “Rainfall/Runoff” Process is now checked.


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Map Options: Annotation
• Right-click on Study Area Map and select “Options…”
• Select Annotation
• Check boxes as shown below to display object IDs for Rain Gage, Subcatchment, 

Node, and Link objects.
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Project Defaults
• Before adding objects to the model, define the object naming convention (“ID Labels”) 

and default parameter values for subcatchments/nodes/links.
• Note: The example Green-Ampt infiltration soil parameters shown are for Type D soils.
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Add Subcatchment
• Click the “Add a Subcatchment” icon, then insert the object on the 

“Study Area Map”
• Note:  The Subcatchment ID is automatically named “DMA1” based on the 

project defaults previously defined. 

• Click the selector arrow, then double-click on the Subcatchment
icon to edit the properties

• Note: Average Width (of Sheet Flow) = Area ÷ Average Maximum Overland Flow Length 
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Add Outfall
• In the Subcatchment Properties, click “…” to open the 

“Infiltration Editor”
• Select the “Add an outfall node” icon, then insert the 

object on the “Study Area Map”
• The Outfall object is the HMP Point of Compliance (POC).
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Connect  Subcatchment to  Out fa l l

• Open the Subcatchment Properties for “DMA-A” and 
insert the outlet name “POC-A”


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Model Complete!

The Pre-project Condition model
is now complete!

Next, let’s set-up a Post-project (Unmitigated) 
Condition model

to quantify the hydrologic impacts
of the proposed development.
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POST‐PROJECT (UNMITIGATED) 
MODEL SETUP

Example Project – Institutional Living
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Dra inage Management  Area  “A”
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New File
• Open “ExampleProject_Pre.inp”
• Save As “ExampleProject_Post-Unmit.inp” in the folder “…\MyModel\” to 

create the Post-project (Unmitigated) model.
• Update the “Title/Notes Editor” as shown below.
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Subcatchments
• Under the post-project condition, we will split the Drainage Basin A area into 

three (3) subcatchments
• “DMA-A1” – the building roof, courtyard, and parking lot
• “DMA-A2” – the 2:1 graded slope
• “DMA-A3” – a mostly flat swale area (future location of Biofiltration Basin)

• First, let’s add two (2) subcatchment objects to the Study Area Map.
• Second, let’s double-click on each subcatchment object to edit its properties

#1 #2
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Edit  Subcatchment Propert ies
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Infi ltration Editor
• To account for the compacted condition of the soil, a 25% reduction factor is 

applied to the “Conductivity” variable for all three (3) subcatchments.
• Note: The infiltration parameters shown here are for Type D soils.
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Model Complete!

The Post-project (Unmitigated) Condition model
is now complete!

Next, let’s run the post-processing analysis
to quantify the hydrologic impacts

of the proposed development.
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POST‐PROCESSING
PRE‐ AND POST‐PROJECT UNMITIGATED

Example Project – Institutional Living
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H y d r o m o d i f i c a t i o n
M a n a g e m e n t  C r i t e r i a  ( H M C )

HMP Flow Control Performance Standard
• The following are the peak flow and duration control requirements 

per the DRAFT Model BMP Design Manual, dated January 2015.
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Run Simulation
• To define the baseline flow rates for our analysis, let’s run the simulations for 

both Pre-project and Post-project (Unmitigated) Conditions.
• Open the “ExampleProject_PRE.inp” file
• Click the “Run a simulation” icon

Pre-project Condition
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Flow Frequency Statistics
• First, let’s determine the Pre-project Condition 0.1xQ2 flow rate by 

generating the flow frequency statistics at the POC location.
• Report -> Statistics -> “Statistics Report Selection”
• Input the selections shown below.

• Note: The “Total Inflow” Event Threshold is defined as 0.002 cfs/acre x Total Drainage Area

Pre-project Condition
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Statistics

• SWMM’s built-in 
statistics are based on  
the Weibull Plotting 
Position

Pre-project Condition
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Copy Statistics

• On the Statistics tab, click the top left corner of the table to highlight 
the entire table.

• Edit - > Copy to… -> “Copy Statistics”
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E x t e r n a l
P o s t - p r o c e s s i n g  S p r e a d s h e e t

• Open “SWMM_PostProcessing.xlsx”
• Click on the “Pre-Q” tab and paste Pre-

project Condition statistics in the highlighted 
cell

• Make adjustments to “Column I” as 
necessary to determine the Q2, Q5, and Q10
values.

10‐year Q: 0.883 cfs
5‐year Q: 0.734 cfs
2‐year Q: 0.570 cfs

Lower Flow Threshold: 10%

0.1xQ2 (Pre): 0.057 cfs
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Copy Time-series
• Next, let’s extract the runoff hydrograph time-series to calculate the flow 

durations.
• Report - > Graph - > Time Series - > “Time Series Plot Selection”
• Edit - > Copy to… - > “Copy Chart”

Pre-project Condition
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E x t e r n a l
P o s t - p r o c e s s i n g  S p r e a d s h e e t

• Click on the “Pre-TS” tab and paste 
Pre-project Condition runoff 
hydrograph (time-series) in the 
highlighted cell

Pre-project Condition
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SWMM Files Explained

File Extension Description How is it created? Required for 
Continuous 
Simulation?

.dat or .txt Rainfall Data
• Time-series data from 

PCW

Created by user using external program 
(e.g. NotePad, Excel, etc.)

Yes

.inp Input File
• Project-specific  data

Generated by user in the SWMM
program

Yes

.ini Configuration Settings
• Map display options
• Object default values

Automatically generated when  saving 
the SWMM program

No

.rpt Status Report
• Simulation Results
• Error Messages
• Continuity Errors

Generated by SWMM after a successful 
simulation

No

.out Output File
• Binary file

Generated by SWMM after a successful 
simulation

No

• If you look in your project directory now, you will find a series of files.
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Repeat…
• Let’s repeat these steps for the Post-project (Unmitigated) Condition…

Run Simulation

Generate Peak 
Flow Statistics

Extract Peak 
Flow Statistics

Generate the 
Runoff 

Hydrograph

Extract the 
Runoff Time-

series

Calculate Flow 
Durations

Assess Results
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Run Simulation
• Open the “ExampleProject_POST-UNMIT.inp” file
• Click the “Run a simulation” icon

Post-project 
(Unmitigated) Condition
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Flow Frequency Statistics
• Report -> Statistics -> “Statistics Report Selection”
• Input the selections shown below.

• Note: The “Total Inflow” Event Threshold is defined as 0.002 cfs/acre x Total Drainage Area

Post-project 
(Unmitigated) Condition
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Statistics

• SWMM’s built-in 
statistics are based on  
the Weibull Plotting 
Position

Post-project 
(Unmitigated) Condition
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Copy Statistics

• On the Statistics tab, click the top left corner of the table to highlight 
the entire table.

• Edit - > Copy to… -> “Copy Statistics”
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E x t e r n a l
P o s t - p r o c e s s i n g  S p r e a d s h e e t

• Open “SWMM_PostProcessing.xlsx”
• Click on the “Post-Q” tab and paste Post-

project (Unmitigated) Condition statistics in 
the highlighted cell

• Make adjustments to “Column I” as 
necessary to determine the Q2, Q5, and Q10
values.

10‐year Q: 0.921 cfs
5‐year Q: 0.811 cfs
2‐year Q: 0.627 cfs

Lower Flow Threshold: 10%

0.1xQ2 (Pre): 0.063 cfs
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Copy Time-series
• Next, let’s extract the runoff hydrograph time-series to calculate the flow 

durations.
• Report - > Graph - > Time Series - > “Time Series Plot Selection”
• Edit - > Copy to… - > “Copy Chart”

Post-project 
(Unmitigated) Condition
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E x t e r n a l
P o s t - p r o c e s s i n g  S p r e a d s h e e t

• Click on the “Post-TS” tab and 
paste Post-project (Unmitigated) 
Condition runoff hydrograph (time-
series) in the highlighted cell

Post-project 
(Unmitigated) Condition
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Results?

• Let’s take a look at the post-processing spreadsheet…

• Flow Frequency
• Tables: “FF_Summary” tab
• Curves: “FFC” tab

• Flow Duration
• Tables: “FD_Summary” tab
• Curves: “FDC” tab

PRE-PROJECT

POST-PROJECT (Unmitigated)
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Flow Frequency: Table

Return Period
Pre‐project Qpeak

(cfs)
Post‐project ‐ Unmitigated Q

(cfs)

LF = 0.1xQ2 0.057 0.063

2‐year 0.570 0.627

5‐year 0.734 0.811

10‐year 0.883 0.921
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Flow Frequency: Curves

+

Fails to meet 
HMC
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Flow Duration: Table
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Flow Frequency: Curves

+Fails to meet 
HMC
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Results Summary

• Now, let’s compare the Pre-project and Post-project (Unmitigated) Condition 
peak flow frequency statistics and flow duration (time-series) results 
within our HMP Flow range 0.1xQ2 to Q10.

Increase in Peak Flow Frequency Increase in Flow Durations

+

+

Fails to meet the HMP Flow Control Performance Standards
∴ Mitigation is required.
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Post-processing Complete!

The post-processing analysis for both the
Pre-project Condition 

and Post-project (Unmitigated) Condition models
is now complete!

Next, let’s setup a Post-project (Mitigated) 
Condition model, including a Biofiltration Basin.
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POST‐PROJECT (MITIGATED)
MODEL SETUP FOR SCENARIO 1

Example Project – Institutional Living
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Mitigation Required!
• A biofiltration basin is proposed on the southwest corner of the site at the 

subcatchment (i.e. formerly “DMA-A3”) to meet both the water quality 
treatment and hydromodification management criteria.
• Note: The required Water Quality Volume ~ 1,890 CF

• Subcatchment “DMA-A3” will now be renamed as “LID-A” and we will add 
the “Bio-Retention Cell” (“LID Control”) component to “LID-A.”
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Dra inage Management  Area  “A”
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Def ine Site/Flow Constraints

• Taking into consideration the project’s vertical and horizontal site constraints, 
we would begin modeling by using an anticipated basin cross-section.

• Anticipated Biofiltration Basin Cross-section
• 12-inch Freeboard & Q100 Conveyance
• 12-inch Surface Ponding Depth
• 24-inch Engineered Soil (η=40%)
• 12-inch Gravel Layer (η=40% or e=0.67)
• 4-inch Perforated Pipe with Low-Flow Restrictor (Φ = __?__-inches)

• Both flowlines set at the bottom of the Gravel Layer
• 3-inch Dead Storage Layer (Gravel)

• Located longitudinally below the perforated pipe only
• Does not provided storage volume

• Based on the pressure head acting on the orifice and the pre-project 0.1xQ2, 
the maximum low flow restrictor diameter would be 1.0-inches based on the 
Orifice Equation.

Pre- 0.1xQ2 = 0.057 cfs

H = 4-feet

61



Storm Water  Management  Mode l  (SWMM)  T ra in ing

Scenar io  1  Work ing Solut ion

• There are infinitely many working solutions based on different LID BMP 
basin configurations, LID surface areas, orifice restrictor sizes, etc.;
however, the working solution shown with this example contains the 
following Biofiltration Basin cross-section.

• Working Solution Biofiltration Basin Cross-section
• 12-inch Freeboard & Q100 Conveyance
• 12-inch Surface Ponding Depth
• 24-inch Engineered Soil (η=40%)
• 12-inch Gravel Layer (η =40% or e=0.67)
• 4-inch Perforated Pipe with Low-Flow Restrictor (Φ = 5/8-inch (or 0.625-inches))

• Both flowlines set at the bottom of the Gravel Layer
• 3-inch Dead Storage Layer (Gravel)

• Located longitudinally below the
perforated pipe only

• Does not provided storage volume

• How small is 5/8-inch? ~ diameter of a dime
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New File
• Open the “ExampleProject_POST-UNMIT.inp”
• Save As “ExampleProject_Post-Mit_Scenario1.inp” in the folder “…\MyModel\” to 

create Scenario 1 of the Post-project (mitigated) model.
• Rename “DMA-A3” to “LID-A”
• Update the “Title/Notes Editor” as shown below.

Note:
In general, continuous simulation modeling is an iterative 
process; therefore, only one (of many) working solution is 
discussed in detail in the following slides.
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Add LID Control
• Select “LID Controls” in the “Data Browser Panel”
• Click the “ + ” to add an “LID Control”
• Select “Bio-Retention Cell” as the “LID Type”
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Bio-Retention Cell
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Reca l l  Def in i t ions  f rom Day 1

Standard	Power	Law ሺshown	in	SWMM User’s	Manualሻ

Where: q = Unit Flow Rate (ft/s)
C = Flow Coefficient (in0.5/hour)
h = Pressure Head acting on orifice (ft)
HD = Drain Offset Height (ft) (modeled as zero in this example)
n = Power Law Coefficient (n=0.5 to act like an orifice)

Unit	Flow	Rate ሺby	definitionሻ

Where: q = Unit Flow Rate (percolation rate through engineered soil) (ft/s)
Qorifice = Volumetric Outflow Rate (ft3/s)
 = Engineered Soil Porosity ( = 0.40)
ALID = Surface Area of LID BMP (ft2)

Orifice	Equation ሺby	definitionሻ

Where: Qorifice = Volumetric Outflow Rate (ft3/s)
Ao = Orifice Cross-sectional Area (ft2)
g = Gravitation Acceleration, 32.2 ft/s2

H = Height of stored water above Orifice (ft)
hc = Height to Centroid of Orifice (ft)
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F low Coef f ic ient  Ca lcu la t ion

• Since we are modeling an orifice, the Power Law Coefficient (n) equals 0.5.
• Solving the three equations for the Flow Coefficient (C) and applying unit 

conversions…
• Note: “h” in the Standard Power Law equals “H-0.5hc” in the Orifice Equation, so they cancel out.

Where: Co = Orifice Coefficient
Ao = Orifice Cross-sectional Area (in2)
g = gravitational acceleration (ft/sec2)
 = Engineered Soil Porosity (=0.40)
ALID = Surface Area of LID BMP (ft2)

Standard	Power	Law

Unit	Flow	Rate

Orifice	Equation
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We Made It  Easy!
• Open “ExampleProject_PostProcessing_

Scenario1.xlsx”

• Select the “FlowCoefficient” tab

• Input appropriate data into highlighted cells 
to calculated the Flow Coefficient (C).
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Apply LID Control
• Under “LID Controls,” click the “…” button to define 

the LID Controls.
• Click the “Add” button to open the “LID Usage 

Editor”
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LID Usage Editor
• As previously mentioned, the working solution for this example project requires a LID 

BMP footprint occupying the full “LID-A” Subcatchment area; therefore, we would 
check the box “LID Occupies Full Subcatchment” for Scenario 1.

• Note: Since the LID occupies the entire subcatchment, the “% of Impervious Area Treated” is ignored.  
Alternately, if the subcatchment did not occupy the full subcathment area, then the user would need to specify 
this value.
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Scenar io  1  Summary

Scenario 1: One Restrictor

Outflow
Perforated Pipe
Low-Flow Restrictor
(Φ = 5/8-inch)

Type “I” Catch Basin
(Emergency Overflow)

ALID = 2,613.6 ft2

VHMP ≈ 5,970 ft3
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Model Complete!

The Post-project (Mitigated Scenario 1) Condition 
model is now complete!

Next, let’s run the post-processing analysis
to see how our Biofiltration Basin performed.
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POST‐PROCESSING
POST‐PROJECT MITIGATED SCENARIO 1

Example Project – Institutional Living
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H y d r o m o d i f i c a t i o n
M a n a g e m e n t  C r i t e r i a  ( H M C )

HMP Flow Control Performance Criteria
• The following are the peak flow and duration control requirements 

per the Final Hydromodification Management Plan, dated March 
2011.
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Recall…
• Let’s repeat these steps for the Post-project (Mitigated) Condition…

Run Simulation

Generate Peak 
Flow Statistics

Extract Peak 
Flow Statistics

Generate the 
Runoff 

Hydrograph

Extract the 
Runoff Time-

series

Calculate Flow 
Durations

Assess Results
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Run Simulation
• Open the “ExampleProject_POST-MIT_Scenario1.inp” file
• Click the “Run a simulation” icon

Post-project
(Mitigated Scenario 1) 

Condition
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Flow Frequency Statistics
• Report -> Statistics -> “Statistics Report Selection”
• Input the selections shown below.

• Note: The “Total Inflow” Event Threshold is defined as 0.002 cfs/acre x Total Drainage Area

Post-project
(Mitigated Scenario 1) 

Condition
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Statistics

• SWMM’s built-in 
statistics are based on  
the Weibull Plotting 
Position

Post-project
(Mitigated Scenario 1) 

Condition
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Copy Statistics

• On the Statistics tab, click the top left corner of the table to highlight 
the entire table.

• Edit - > Copy to… -> “Copy Statistics”
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E x t e r n a l
P o s t - p r o c e s s i n g  S p r e a d s h e e t

• Open “SWMM_PostProcessing.xlsx”
• Click on the “PostMit-Q” tab and paste Post-

project (Mitigated Scenario 1) Condition 
statistics in the highlighted cell

• Make adjustments to “Column I” as 
necessary to determine the Q2, Q5, and Q10
values.

10‐year Q: 0.567 cfs
5‐year Q: 0.438 cfs
2‐year Q: 0.251 cfs

Lower Flow Threshold: 10%

0.1xQ2 (Pre): 0.025 cfs
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Copy Time-series
• Next, let’s extract the runoff hydrograph time-series to calculate the flow 

durations.
• Report - > Graph - > Time Series - > “Time Series Plot Selection”
• Edit - > Copy to… - > “Copy Chart”

Post-project
(Mitigated Scenario 1) 

Condition
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Post-project
(Mitigated Scenario 1) 

Condition

E x t e r n a l
P o s t - p r o c e s s i n g  S p r e a d s h e e t

• Click on the “PostMit-TS” tab and 
paste Post-project (Mitigated) 
Condition runoff hydrograph (time-
series) in the highlighted cell
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Results?

• Let’s take a look at the post-processing spreadsheet…

• Flow Frequency
• Tables: “FF_Summary” tab
• Curves: “FFC” tab

• Flow Duration
• Tables: “FDMit_Summary” tab
• Curves: “FDCMit” tab

PRE-PROJECT

POST-PROJECT (Mitigated Scenario 1)
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Return Period
Pre‐project Qpeak

(cfs)
Post‐project ‐ Unmitigated Q

(cfs)
Post‐project ‐ Mitigated Q

(cfs)

LF = 0.1xQ2 0.057 0.063 0.025

2‐year 0.570 0.627 0.251

5‐year 0.734 0.811 0.438

10‐year 0.883 0.921 0.567

Flow Frequency: Table
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Flow Frequency: Curves

-

Passes HMC,
but inefficient
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Flow Duration: Table

87



Storm Water  Management  Mode l  (SWMM)  T ra in ing

Flow Frequency: Curves

-

Passes HMC,
but inefficient

88



Storm Water  Management  Mode l  (SWMM)  T ra in ing

-
-

Results Summary

• Now, let’s compare the Pre-project and Post-project (Mitigated Scenario 1) 
Condition peak flow frequency statistics and flow duration (time-series) 
results within our HMP Flow range 0.1xQ2 to Q10.

Decrease in Peak Flow Frequency Decrease in Flow Durations

Passes the HMP Flow Control Performance Standards
∴ The Biofiltration Basin design is working solution.
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Post-processing Complete!

The post-processing analysis for the
Post-project (Mitigated Scenario 1) model

is now complete!

What if we add additional HMP outlets?
Next, let’s set-up a

Post-project (Mitigated Scenario 2) model
to find out.
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POST‐PROJECT (MITIGATED)
MODEL SETUP FOR SCENARIO 2

Example Project – Institutional Living
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Provide More Flow Control
• Although the Post-project (Mitigated Scenario 1) model provided a working 

solution with a single Low-Flow Restrictor (orifice), the large gap between 
the Flow Frequency and Flow Duration curves indicates that we could 
develop a more efficient set of outlet works.

• Let’s design a Post-project (Mitigated Scenario 2) Condition set of outlet 
works including a Mid-Flow Restrictor (orifice) on the side of the emergency 
overflow structure by building off of the Scenario 1 working solution.

• As Dory would sing, “Just keep SWMMing, just keep SWMMing!”
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Dra inage Management  Area  “A”
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Scenario 2 Working Solut ion

• Recall, the Required Water Quality Volume is approximately 1,890 CF.
• The entire Required Water Quality Volume must be treated; therefore, the Mid-Flow Restrictor 

flowline must be set at or above the Required Water Quality Volume.

• Several iterations later…

• Working Solution Biofiltration Basin Cross-section
• 12-inch Freeboard & Q100 Conveyance

• Type “I” Grated Catch Basin (per SDRSD D-29)
with Mid-Flow Restrictor (Φ = 1 1/2-inch (or 1.5-inches))
set  3-inches above the bottom of the basin (VWQ,req. @ ≈ 1-inch ponding )

• 12-inch Surface Ponding Depth
• 24-inch Engineered Soil (η=40%)
• 12-inch Gravel Layer (η=40% or e=0.67)
• 4-inch Perforated Pipe with Low-Flow Restrictor (Φ = 3/4-inch (or 0.75-inches))

• Both flowlines set at the bottom of the Gravel Layer
• 3-inch Dead Storage Layer (Gravel)

• Located longitudinally below the perforated pipe only
• Does not provided storage volume
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O u t l e t  Wo r k s
S c e n a r i o  1  v s .  S c e n a r i o  2

• Let’s compare the two working solutions’ outlet works.

Scenario 1: One Restrictor

Outflow Perforated Pipe
Low-Flow Restrictor
(Φ = 5/8-inch)

Type “I” Catch Basin
(Emergency Overflow)

ALID = 2,613.6 ft2

VHMP ≈ 5,970 ft3

Scenario 2: Two Restrictors

Outflow Perforated Pipe
Low-Flow Restrictor
(Φ = 3/4-inch)

Mid-Flow Restrictor
(Φ = 1 1/2-inch)
FL at 3-inches ponding

Type “I” Catch Basin
(Emergency Overflow)

ALID = 1,533 ft2

VHMP ≈ 3,980 ft3
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Model ing  “High F lows”

• Although adding a Mid-Flow Restrictor seems simple, it is not always 
straightforward to model in SWMM. 

• For modeling the “high flows” (Mid-Flow Restrictor and emergency overflow), 
it is very important to remember the range of flows and volumes that are 
being modeled.

Scenario 2: Two Restrictors

Outflow Perforated Pipe
Low-Flow Restrictor
(Φ = 3/4-inch)

Mid-Flow Restrictor
(Φ = 1 1/2-inch)
FL at 3-inches ponding

Type “I” Catch Basin
(Emergency Overflow)

ALID = 1,533 ft2

Top of the Basin (h=1.75-feet)

Storage Curve (h=0-feet)
Bottom of the Basin

 MODEL THIS RANGEVHMP ≈ 3,980 ft3
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S W M M M o d e l s
S c e n a r i o  1  v s .  S c e n a r i o  2

Scenario 1 Working Solution
1. Low-Flow Restrictor

• Φ = 5/8-inch (or 0.625-inches)

Scenario 2 Working Solution
1. Low-Flow Restrictor

• Φ = 3/4-inch (or 0.75-inches)
2. Mid-Flow Restrictor

• Φ = 1 1/2-inch (or 1.5-inches)
3. Type “I” Grated Catch Basin

New Objects
• 2 Nodes
• 3 Links
• 2 Curves
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Addit ional  SWMM Elements

Scenario 2 Working Solution
1. Low-Flow Restrictor

• Φ = 3/4-inch (or 0.75-inches)
2. Mid-Flow Restrictor

• Φ = 1 1/2-inch (or 1.5-inches)
3. Type “I” Grated Catch Basin

Scenario 2 Working Solution
1. Low-Flow Restrictor

• Φ = 3/4-inch (or 0.75-inches)
2. Mid-Flow Restrictor

• Φ = 1 1/2-inch (or 1.5-inches)
3. Type “I” Grated Catch Basin

New Objects
• 1 Nodes
• 2 Links
• 2 Curves

New Objects
• 1 Nodes
• 1 Links
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New File
• Open the “ExampleProject_Post-Mit_Scenario1..inp”
• Save As “ExampleProject_Post-Mit_Scenario2.inp” in the folder “…\MyModel\” to 

create Scenario 2 of the Post-project (Mitigated) model.
• Update the “Title/Notes Editor” as shown below.

Note:
In general, continuous simulation modeling is an iterative 
process; therefore, only one (of many) working solution is 
discussed in detail in the following slides.
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Add Divider & Storage Unit

• One way to model the Mid-Flow Restrictor is to separate treated flows exiting through the Low-
Flow Restrictor from the high flows. 

• Insert a “Divider” by clicking “Add a flow divider node” from the “Object Toolbar.”
• Diverted flows must be sent to the “Storage Unit” Node to model the storage volume of the 

aforementioned high flows.
• Insert a “Storage Unit” by clicking “Add a storage node” from the “Object Toolbar”

• Rename default labels…
• “DIV1” - > “DIV”
• “STOR1” - > “StorHMP”

• Now, connect “LID-A”
to “DIV.”
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Add Conduit Links
• Add two (2) “Conduit” Links to split 

the flows. Click the upstream Node 
first, then click the downstream 
Node.

• Rename links as “BYPASS” and 
“UNDERDRAIN”

High Flows
(Mid-Flow Restrictor and 

Emergency Overflow)

Low Flows
(Low-Flow Restrictor)
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Edit Divider
• The Mid-Flow Restrictor is set at 3-inches above the bottom of 

the basin.  All flows exiting the basin must first percolate 
through the engineered soil before exiting through the Low-
Flow Restrictor.  The “Cutoff Flow” represents the maximum 
flow rate leaving the “low flow” outlet.  The Low-Flow 
Restrictor is typically more restrictive (i.e. smaller flow rate) 
than the percolation rate through the engineered soil; 
therefore, use the Orifice Equation to calculate the Qcutoff for a 
¾-inch orifice.

• Edit the Divider Properties as shown.
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Add Outlet Link

• Connect the “Storage Unit” Node (“StorHMP”) to the “Outfall” Node 
(“POC-A”) using an “Outlet” Link.

• Rename the “Outlet” Link to “MID-FLOW.”
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Edit LID Control
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A c t u a l  v s .  M o d e l l e d
S t o r a g e  Vo l u m e  

• The LID Control for “Bio-Retention Cell” does not consider side slopes; 
therefore, a optional modification can be applied to the model to account for 
the full volume provided.

• In this example, the Ponding Depth (PD) is 12-inches.  To model the full 
surface volume, the Ponding Depth must be increased to account for 
storage along the side slopes.  Based on this basin configuration, the 
effective Ponding Depth (PDeff) is calculated by dividing the surface storage 
volume by the surface area at the bottom of the basin (see “Flow Coefficient” tab).
• Note: In the SWMM LID Control Editor, the “Berm Height” variable represents the Ponding 

Depth.

Modeled by SWMM

PD PDeffPDPD

Constructed Basin Our Calculations
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Update  L ID Usage Edi tor

• The framework for modeling the “high flows” is nearly complete.  As previously 
mentioned, a more efficient solution was found using a smaller biofiltration basin 
footprint; therefore, updates to the parameters are required for Subcatchment “LID-A.”

• Open “LID-A” properties
• Under “LID Controls,” click on “ … ” and edit “BR-BasinA.”
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S t o r a g e  a n d  R e l e a s e  o f  t h e
“ H i g h  F l o w s ”

• Lastly, the storage volume and flow release rate must be modeled by using a 
“Storage Curve” and “Rating Curve,” respectively.

• In the “Data Browser Panel,” expand the “Curves” menu to add both curves.

Scenario 2: Two Restrictors

Outflow Perforated Pipe
Low-Flow Restrictor
(Φ = 3/4-inch)

Mid-Flow Restrictor
(Φ = 1 1/2-inch)
FL at 3-inches ponding

Type “I” Catch Basin
(Emergency Overflow)

ALID = 1,533 ft2

Top of the Basin (h=1.75-feet)

Storage Curve (h=0-feet)
Bottom of the Basin

 MODEL THIS RANGEVHMP ≈ 3,980 ft3
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Add Storage Curve
• The Storage Curve requires the input of depth and surface 

area (not volume).  The storage volume is calculated within 
the program. Insert values as shown.

• Open the “StorHMP” Node and define the tabular curve name 
as “StorageCurve.”
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Add Rating Curve
• The Rating Curve models both the Mid-Flow Restrictor and Emergency Overflow 

(Type “I” Catch Basin).  This user-specified input allows flexibility in modeling.
• Open the “Rating Curve Editor” and load the .dat file called, “RatingCurve_Mid-

Flow_CatchBasin.dat.”

109



Storm Water  Management  Mode l  (SWMM)  T ra in ing

Model Complete!

The Post-project (Mitigated Scenario 2) Condition 
model is now complete!

Next, let’s run the post-processing analysis
to see how the Biofiltration Basin performed.
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POST‐PROCESSING
POST‐PROJECT MITIGATED SCENARIO 2

Example Project – Institutional Living
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H y d r o m o d i f i c a t i o n
M a n a g e m e n t  C r i t e r i a  ( H M C )

HMP Flow Control Performance Criteria
• The following are the peak flow and duration control requirements 

per the Final Hydromodification Management Plan, dated March 
2011.
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Recall…
• Let’s repeat these steps for the Post-project (Mitigated) Condition…

Run Simulation

Generate Peak 
Flow Statistics

Extract Peak 
Flow Statistics

Generate the 
Runoff 

Hydrograph

Extract the 
Runoff Time-

series

Calculate Flow 
Durations

Assess Results
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Run Simulation
• Open the “ExampleProject_POST-MIT_Scenario2.inp” file
• Click the “Run a simulation” icon

Post-project
(Mitigated Scenario 2) 

Condition
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Flow Frequency Statistics
• Report -> Statistics -> “Statistics Report Selection”
• Input the selections shown below.

• Note: The “Total Inflow” Event Threshold is defined as 0.002 cfs/acre x Total Drainage Area

Post-project
(Mitigated Scenario 2) 

Condition
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Statistics

• SWMM’s built-in 
statistics are based on  
the Weibull Plotting 
Position

Post-project
(Mitigated Scenario 2) 

Condition
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Copy Statistics

• On the Statistics tab, click the top left corner of the table to highlight 
the entire table.

• Edit - > Copy to… -> “Copy Statistics”
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E x t e r n a l
P o s t - p r o c e s s i n g  S p r e a d s h e e t

• Open “SWMM_PostProcessing.xlsx”
• Click on the “PostMit-Q” tab and paste Post-

project (Mitigated Scenario 2) Condition 
statistics in the highlighted cell

• Make adjustments to “Column I” as 
necessary to determine the Q2, Q5, and Q10
values.

10‐year Q: 0.819 cfs
5‐year Q: 0.732 cfs
2‐year Q: 0.532 cfs

Lower Flow Threshold: 10%

0.1xQ2 (Pre): 0.053 cfs
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Copy Time-series
• Next, let’s extract the runoff hydrograph time-series to calculate the flow 

durations.
• Report - > Graph - > Time Series - > “Time Series Plot Selection”
• Edit - > Copy to… - > “Copy Chart”

Post-project
(Mitigated Scenario 2) 

Condition
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Post-project
(Mitigated Scenario 2) 

Condition

E x t e r n a l
P o s t - p r o c e s s i n g  S p r e a d s h e e t

• Click on the “PostMit-TS” tab and 
paste Post-project (Mitigated) 
Condition runoff hydrograph (time-
series) in the highlighted cell
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Results?

• Let’s take a look at the post-processing spreadsheet…

• Flow Frequency
• Tables: “FF_Summary” tab
• Curves: “FFC” tab

• Flow Duration
• Tables: “FDMit_Summary” tab
• Curves: “FDCMit” tab

PRE-PROJECT

POST-PROJECT (Mitigated Scenario 2)
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Return Period
Pre‐project Qpeak

(cfs)
Post‐project ‐ Unmitigated Q

(cfs)
Post‐project ‐ Mitigated Q

(cfs)

LF = 0.1xQ2 0.057 0.063 0.053

2‐year 0.570 0.627 0.532

5‐year 0.734 0.811 0.732

10‐year 0.883 0.921 0.819

Flow Frequency: Table
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Flow Frequency: Curves

-

Passes HMC;
very efficient!
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Flow Duration: Table
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-

Flow Frequency: Curves

Passes HMC;
very efficient
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-

-

Results Summary

• Now, let’s compare the Pre-project and Post-project (Mitigated Scenario 2) 
Condition peak flow frequency statistics and flow duration (time-series) 
results within our HMP Flow range 0.1xQ2 to Q10.

Decrease in Peak Flow Frequency Decrease in Flow Durations

Passes the HMP Flow Control Performance Standards
∴ The Biofiltration Basin design is an efficient working solution.
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Post-processing Complete!

The post-processing analysis for the
Post-project (Mitigated Scenario 2) model

is now complete!

Let’s take a look at all four models together!
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EXAMPLE PROJECT SUMMARY
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Flow Frequency Table

Return Period
Pre‐project Qpeak

(cfs)
Post‐project ‐ Unmitigated Q

(cfs)

Post‐project ‐ Mitigated Q 
Scenario 1

(cfs)

Post‐project ‐ Mitigated Q 
Scenario 2

(cfs)

LF = 0.1*Q2 0.057 0.063 0.025 0.053

2‐year 0.570 0.627 0.251 0.532

3‐year 0.638 0.719 0.308 0.619

4‐year 0.714 0.776 0.379 0.670

5‐year 0.734 0.811 0.438 0.732

6‐year 0.760 0.862 0.488 0.741

7‐year 0.813 0.883 0.506 0.758

8‐year 0.844 0.918 0.521 0.786

9‐year 0.872 0.919 0.548 0.807

10‐year 0.883 0.921 0.567 0.819
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F low Frequency Curves
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F low Durat ion Curves
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Volume Summary

• Required Water Quality Volume ≈ 1,890 CF 

• Required HMP Volume Comparison
• BMP Sizing Spreadsheet ≈ 10,900 CF
• SWMM Scenario 1 ≈ 5,970 CF
• SWMM Scenario 2 ≈ 3,980 CF

• Required HMP Volumes modeled in SWMM are 
significantly smaller.
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Questions?
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