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SWMM 5.1.009

About EPA SWMM

Storm Water Management Model
Version 5.1

Description | Disclaimer |

The EPA Storm Water Management Madel {SWRRM) 15 a dynamic rainfall-runoff-routing
simulation model used for single event or long-term {continuous) simulation of runoff quantity
and quality from primarily urban areas. The runoff component of SWMIM operates on a
collection of subcatchment areas that receive precipitation and generate runoff and pollutant
loads. The routing portion of SWIM transports this runoff through a system of pipes, channels,
starage/treatment devices, pumps, and regulators, SWIM tracks the quantity and quality of
runoff generated within each subcatchment, and the flow rate, flow depth, and quality of water
in each pipe and channel during a simulation period compnsed of multiple time steps,

EPA SWRAR is public domain software that may be freely copied and distributed,

Mational Risk Management Research Laboratory
L5, Environmental Protection Agency Release 5.1.009

Cincinnati, Ohio 45268
WWWLEPE. 00V SWImIM
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New File

B sWMM 5.1

File Edit Wiew Project Repork Tools  Window  Help

S B @i ® G OE
Project H'Map

~. Study Area Map

- Title/Nates o]
- Options
- Climatology
L:_I Hydralogy
: Rain Gages
‘- Subcatchments
L Aquifers
. Snow Packs

Unit Hydragraphs
LID Controls
= Hydraulics
: = Modes
- Junctions
Outfalls
Diviclers

; Starage Units
= Links
Canduits
Pumps
- Orifices

. Weirs [

= & & 8 5
Title/Tlotes

Data Browser
Panel

T

Study Area Map

| Auto-Length: Off ~  Offsets:Depth = Flow Unit: CFS ~ O Zaom Level: L00%:

XY 4855.709, 9980.769
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Standard Toolbar

Bl swam 5.1 =

IDEEG a0 ¢ BNFTL 2 &[N Roqads RBAOVOR~COBMET

Standard Toolbar

The Standard Toolbar contains buttons for the following commonly used commands:
Creates a new project (File >> New)

Opens an existing project (File >> Open)

Saves the current project (File >> Save)

Prints the currently active window (File >> Print)

Copies selection to the clipboard or to a file (Edit >> Copy To)

Finds a specific object on the Study Area Map (Edit >> Find Object) or
specific text i the Status Report (Edit >> Find Text)

Runs a simulation (Project >> Run Simulation)
Makes a visual query of the study area map (View >> Query)

Creates a profile plot of simulation results (Report >> Graph >> Profile)

AR BFOLEONDO

Creates a time series plot of simulation results (Report >> Graph >> Time
Series)

Creates a scatter plot of simulation results (Report >> Graph >> Scatter)

Creates a table of simulation results (Report >> Table)

% Performs a statistical analysis of simulation results (Report >> Statistics)

Modifies display options for the currently active view (Tools >> Map
Display Options or Report >> Customize)

B  Arranges windows in cascaded style. with the study area map filling the

entire display area (Window >> Cascade)
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Map Toolbar

B swmm 5.1 -J[o/Ed

| | DEHS AN® F BN Y B Iy xoauHa|[RBEOYOEH~CBMRT

Map Toolbar

The Map Toolbar contains the following buttons for viewing the study area map:
Selects an object on the map (Edit >> Select Object)

Selects link or subcatchment vertex points (Edit >> Select Vertex)
Selects a region on the map (Edit >> Select Region)

Pans across the map (View >> Pan)

Zooms in on the map (View >> Zoom In)

Zooms out on the map (View >> Zoom Out)

Draws map at full extent (View >> Full Extent)

(3= S CRFCIRE S A B vl 4

Measures a length or area on the map
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Object Toolbar

B swmm 5.1 -J[o/Ed

| | DEHS BAN® F ENETL Y #% K Zo0QuHAI[BBOVORH~CRBMRT

Object Toolbar

The Object Toolbar contains buttons for adding objects to the study area map:

& Adds a rain gage to the map

Adds a subcatchment to the map
Adds a junction node to the map
Adds an outfall node to the map
Adds a flow divider node to the map
Adds a storage unit node to the map
Adds a conduit link to the map
Adds a pump link to the map

Adds an orifice link to the map
Adds a weir link to the map

Adds an outlet link to the map
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Adds a label to the map
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Data Browser Panel

'Pn:uect LMBP

Title/Notes
Options
Climatology
= Hydrology
Rain Gages
Subcatchments
Aquifers
Snow Packs
Unit Hydrographs
LID Controls
= Hydraulics
# Nodes
# Links
Transects
Controls
= Quality
Pollutants
Land Uses
@ Cunves
Time Series
Time Patterns
Map Labels

The buttons between the two list boxes of the Data Browser
are used as follows:

&

4
©
o

adds a new object

deletes the selected object

edits the selected object

moves the selected object up one position
moves the selected object down one position

A : . .
24 sorts the objects 1n ascending order

* -4 2 3 5]

"Rain Gages
1
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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

= = =, |

Backdrop Image Selector Backdrop Dimensions

Backdrop Image File Lower Left

Backdrop IMap

¥-coordinate: i

- | | 9 [=1] <
. ik
World Coordinates File {optional Y-coordinate: | 0.000 ]%;’. Bl SRk Bl He  PBOY O CRMR T, |
. Study Area Map Slatd
. ¥ iF=s Warershed | i

Upper Right
Backdrop IMap
X-coordinate: | 10000

oK | | cancel | [ Hep |

Y-coordinate: 10000.000

(%) Resize Backdrop Image Only

() Scale Backdrop Image to Map

() Scale Map to Backdrap Image

| ok | | cancel | [ Hep

jow Units: CFS = | £ Zoom Level: 100% X V: 3920002, 9768.786
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Backdrop Watermark

To screen back the image, there is an optional “Watermark” setting.

View - > Backdrop - > “Watermark”

w/o Watermark

Bl swMM 5.1

(B=]

File Edit View Proje

ct Report Tools Window Help

w/ Watermark

Bl swMm 5.1

[B[=)%]

DEEE 4@ g BNy =L >

File Edic Yew Projct Report Tools Window Help

FR ok xZEle 0E FEOVORSCBUMET

By [
Project | Map

(DEHS 2aN® § B ol 0 me ok b xEa o gg

PHOVORH—-GCBMET

~+ Study Area Map

Title/Nates

I
Project | Map If - Study Area Map

[Blue Sky Waershed

+ -~ & & B
Title/Plates

Title/Naotes

(B[=1%

Optians
Climatology

i Hydrology
ulics

&)
2y

Auto-Length: OFf ~

+ - & & B
Title/Mates

Al
Zy

Offsets: Depth  ~

Flow Units: CFS =

fot § Zaom Level: 100% X¥:3921.002, 9768.786

Auto-Length: OFf ~

Offsets: Depth

Flow Units: CFS =

o'} Zaom Level: 100% X¥: 11647.399, 9865.125
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Example Project — Institutional Living

PRE-PROJECT MODEL SETUP
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Example Project Site

SWMM TRAINING EXAMPLE PROJECT
EXAMPLE PROJECT - NEW DEVELOPMENT (OVERALL)
|||| EXHIBIT 1 (SHEET 1 OF 2) BASIC INPUT DATA (GENERAL)
o p O RAINFALL GAUGE: POWAY
O POINT OF COMPLIANCE (POC):

SEE EXHIBIT

O DRAINAGE SOIL
(HYDROLOGIC SOIL TYPE): D

O LOW-FLOW THRESHOLD: 0.1xQ2

LEGEND

DRAINAGE MANAGEMENT AREA (DMA) (OVERALL)

X.XX AC.) OMA (OVERALL) ACREAGE

§ "
g 80 30 0 60 120 180
: pumm—— 5620 FRIARS ROAD W= g
R ik SEE SHEET 2 FOR LARGER SCALE GRAPHIC SCALE 1"= 60
. R 1 L K Lo OF EXAMPLE PROBLEM AREA.
© | SSEEERNCCOMPAY  (FAX)619.291.4165 JUNE 2015
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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.

(=— .

R swim 5.1

File Edit Yiew Project Report Tools ‘Window Help

Dz EE =2Hi® § BT EL D E
Project [Map_| . Study Area Map
. Title/Motes

(M=%

&4 FEOVOEH-CEMET |

=JoEs
- Options

. Climatology

& Hydralagy
- Hydraulics
[+ Quality

@ Curves
Time Series
Time Patterns
“. Map Labels

* = & &+ 3 5]
Title/Mates

Auto-Length: OFf ~  Offsets:Depth = Flow Units: CFS = Zoom Level: 100% K¥:-1743.738, §150.250
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Title/Notes Editor

Select “Title/Notes” in the Data Browser Panel
3 Click on the edit button to open the “Title/Notes Editor”

Insert text to identify the project name, modeled condition, etc.

IS/ SWMM 5.1 - ExampleProject_PRE.inp (M=)
File Edit Wiew Project Report Tools ‘Window Help
NEHS AN § By a0 8 KR Hé FBEOVOH - FOME T
Project | Map | +- Study Area Map
l Title/Nates I
i -~
- Climatalogy . .
& Hydrology E Title/Motes Editor
#- Hydraulics
& Quality SWMM Training - Example Project - Pre-project Condition
w Curves
. Time Series June Z3-Z6, 2015
Time Patterns
. Map Labels

Use title line as header for printing

QK

] ’ Cancel

+ L
_Trtl e/ Mikiea

Auto-Length: Off ~  Offsets: Depth = Flow Units: CFS

- f Zoom Level: 100% XY -11763.006, 14951830
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Simulation Options

Select “Options” in the Data Browser Panel
b Click on the edit button to open the “Simulation Options” window
Select Green Ampt

P =

= = = ~
Select Kinematic Wave — &
General | Dates || Time Steps || Dynamic Wave || Files |
ST SUEEEEEEEEEEsEEsEEEEEEEEEs _
= —— = ~Pracess Madels = ~Miscellansous
File Edit Wiew Project Report Tools Window Help : :
DEHS =A@ G By 2 2% N . Roa Hés PEOVORH-CBMA] | Rainfall/Runoff : | (] Allow Ponding
Broject IMEF ! .ﬁ-t;.ldy.l.urea.;v\ap . 3
. Rainfall Dependent I/T t  [JReport Control Actions
- Chimatalagy = - :
& Hydrolagy . Snow Melt ] ¥ Report Input Surmmary
i+ Hydraulics : :
® Quality 3 Grounchater 2 | Minimum Canduit Slope
w Curves L] n
. Time Series . . i I:QJ':;
. Time Pattems J Flow Fouting -
. Map Labels u B .
. Water Quality E
Infiltration Madel Routing Macdel
© Hortan () Steady Flow
) Madified Horton
* A # 2l (% Kinematic Wave
Optios (%) Green Ampt
General ;
D:te; {7 Curve Mumber © Dynamic Wave
Time Steps
Dynamic Wave
Interface Files
Reparting
[ Ok ] ’ Cancel I [ Help
Auto-length: Off - Offsets:Depth ~  Flow Units: CFS = O Zoom Level: 100% XY -1917.145, 3660886
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Simulation 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.

= = [ =

Simulation Options Simulation Options
General | Dates |Time Steps || Dynamic Wave || Files | General | Dates | Time Steps |D}rnar‘r1ic Wave || Files |
Date (MDY Time (H:M}) Days Hr:Min:Sec
Start Analysison | W/04/1962  [2] |15:00 [2] Reporting 02 |oenoo [z
[ ff: ~
StartReportingon | 10/04/1962 2] [ 15:00 2] Drywesther |0 (3 [t40000 (2]
EndAnalysison  |05/23/2008 2] [1500 [3] Runoff: o L0 3] [o0as00 [2]
Start Sweeping on 01/01 {ﬁ Routing ai Secands
End Sweeping on Steady Flow Peniads
Antecedent . [ Skip Steacly Flow Periods
Dry Days System Flow Talerance (34) 5 %
Lateral Flow Talerance (3¢} 5 %
[ OK ] [ Cancel ] [ Help ] 0K ] [ Cancel ] ’ Help
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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) Climatology Editor
rates in inches/day.
. Snow Melt Areal Depletion Adjustments
Note: This example shows CIMIS Zone 6 rates. Temperature | Evaporation | Wind Speed
B v 5.1 (=Jld
Fle Edt View Project Report Tooks Window Help Source of Evaporation Rates |§Munthl)rﬁvr_rages M
NEHS BAN® § By 2 0 B8 K Roa H5& FHEOVORH - FOMET
Project | Map - Study Area Map (A= Manthly Evaporation {in/day}
Title/Motes
Jan | Feb | Mar | Apr | May |Jun
@ ::I::j“f; 0.06 0.08 0.11 0.16 0.18 0.21
i:t:l Quality
w Curves
Time Series Jul | Aug | Sep | Oct | Mow | Dec
Mo L 021 020 016 012 008 006
Maonthly Soil Recovery
Pattern {Optional) M
- p Y ' [(] Evaparate Only During Dry Periads
Clirnaf
S Mk
Avreal Depletion
Adjustments
Ok ] [ Cancel ] [ Help l
Auto-length: Off - Offsets:Depth ~  Flow Units: CFS = O Zaom Level: 100% XY -1647.399, 9710083
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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”

Rain Gage Poway

o [;]@\ Property Value
SWMM 5.1 = 4
— Mame ‘Poway
Flle Edit View Project Report Tools Window Help r— £
DS @ § BEnFEL 2 Bk RO & G jié*.l_f.-c?ao VOoER—-TFTOMET ‘ ¥-Coardinate 3863.198
Project !.Ma i i 4 Eval -
e -+ Study Area Map f=1% | V-Coordinate 5953757
Title/MNotes
Optians Description
Climatalogy
=] alg
129
o nments -
Aquiters Rain Format INTEMSITY
Snow Packs -
Unit Hydrographs Time Interval L0
LID Contrals
&- Hydraulics Snow Catch Factor L
# Quality
@ Curves = Data Source TIMESERIES
Time Series
Time Patterns TIME SERIES:
Map Labels
- Series Mame
DATA FILE:
A .
- PR B - File Mame
Rain Gages
o - Station ID
- Rain Units I
User-assigned name of rain gage
Click the map where the new Rain Gage should be placed.  Auto-Length: Off ~ | Offsets: Depth ~  Flow Units: CFS - Cf Zoom Level: 100% XY 2096.146, 9730.250
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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 Time Series Editor

Note: If the rainfall data file is located within the same directory, Time Series Name
you can type in the file name directly. T5-Paway

(2 SWMM 5.1 M Description

File Edit Wiew Project Report Tools Window Help

DEEHE MA@ § By

B K moa & FHEOVORH-FOMET
Praject | Map T Cady Rrea Wap [;] Use external data file named below
Title/MNotes sk
Options SR CGE POy M FIOWH}’.CIH&
Chmatology P“roperty. ) Value |
" H""[{:fﬁgg;gﬂ Name Poway []Enter time series data in the table below
ifﬁ,‘i::;hmmts K'coomfnate Thi Mo dates means times are relative to start of simulation.
Y¥-Coardinate 5053.757
Z"‘.J:"H‘palm N Description Date Time & Viev
UID Controls Tag {M/DAY) {H:M) Value =
f‘ gy"lr“""“ Rain Format INTEMSITY
:f:: C-:::v::sy E] Time Interval (100
Time Series Snow Catch Factor .L‘(I
Time Patterns T
| o ] Data Source TIMESERIES
Miap Labels (—d poway. dat - Notepad g@ TIME SERIES:
File Edit Format Yiew Help - Series Name
10/4 /1962 15:00 0.01 TA FILE:
— Y 10/4 /1962 16:00 0.01 - File Name
i L 12/17/1962 9:00 0.04 =
3w Gt ‘12/18/1962 4:00  0.02 2 Sl |
Eie 12/18/1962 5:00 0.02 - Rain Units I
12/18/1962 6:00 0.04
12/1 8/1962 7:00 0.03 Mame of rainfall time series {double-click to edit
12/18/1962 8:00 0.03 time series) e
12/18/1962 G:00 0.02
12/19/1962 10:00 0.01
12/20/1962 11:00 0.01 M Help
Auto-Length: Off = Offsal 1/9/1963 2:00 0.02 599, 9880.732
11,/9/1963 3:00 0.02
| 1/9/1963 4:00 0.04 v

Storm Water Management Model (SWMM) Training 18




Check Process Models

Let’s check the “Process Model”
| After adding a Rain Gage, the “Rainfall/Runoff” Process is now checked.

- o

. . . —
Simulation Options
General | Dates | Time Steps | Dynamic Wave " Files |
,E - SUTsEEEEsEEsssEEsssEEssEEEsE
SWMM 5.1 .
e = ~Process Models » ~Miscellaneous
File Edit Wiew Project Report Tools Window Help n n
- L]
D EHE MA@ § Byl DR Ok P RoA A HE FEHOVOE-COME | L [¢]Rainfall/Runoff | O Allow Panding
T — = .
Project | Wap | .. Study Area Map a ) o )
- Title/Nates . Rainfall Dependent I/ = | []Report Control Actions
i Options u "
o Climatalogy : - :
& Hydrology . Snaw Melt . Fl Repaort Input Summary
. Rain Gages : :
. Subc.atchments . (Grounchaater . Fimmum Conduit SlUfJE
. Aquifers » ol
Snow Packs : : 1] I:?’fp
. Unit Hydrographs - Flow Routing -
© L. LD Contrals : ) :
& Hydraulics . . i .
# Quality . Water Quality .
#- Curves [] n
| Fimie Sarips "y NS EE NSNS ENEEEEEEEEEEEY
- TimeP - - -
e e Infiltration Madlel Routing Madel
Map Labels
O Hortan {:}Steav:l}rFIow
) Madified Horton
- ET—— | ) Kinematic Wave
Rain Gages @ Green Am FJt
7 .
) Curve Mumber ) Dynamic Wave
’ Ok ] [ Cancel ] [ Help
Click the map where the new Rain Gage should be placed.  Auto-Length: Off ~ | Offsets: Depth ~  Flow Units: CFS - Cf Zoom Level: 100% XY: 2096
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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.

- -
B SWMM 5.1 (<JoEd| = - 7
Flle Edit View Project Report Tools Window Help Mﬂp ﬂptlﬂ ns
DS HS B@® § Bby: D e N Reoa S FHEOVORH - COBMET 1
Proiee W - Study Area Map M=% Subcatchments Displav:
~ Title/Notes play:
i Options B
| Climatology Nades Rain Gage IDs
= Hydralagy Subcatch IDs
: S“‘“Gm" ] Made IDs
ubcatchments Llnhs s
: Aquifers il.lnk IDs
|- snow Packs [] Subcatch Values
i i Unit Hydrographs Labels
LD Contrals [IMade Values
g o []Link Values
- Qualr -
& Gl Annotation
- Time Series
. Time Pattens
. Map Labels Symbaols [Juse Transparent Text
: (]
Flowe Arrows Font Size ! ]
+ = &4 & » 8] [
Rain Gages Backgraund AtZoomof 100 =)
Poway
K ] ’ Cancel ] ’ Help
Auto-Length: Off ~  Offsets: Depth - Flow Units: CF& - E.} Zoom Level: 100% HN-2052.023, 5780347
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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.

Project Defaults Project Defaults
ID Labels | Sybcatchments | Modes/Links ID Labels | Subcatchments | fades/Links - .
|Gb_iect ID Prefix |Prnpertj.r Default Value Intiltration’Editor
Rain Gages Area 99 Infiltration Method GREEN_AMPT |
Subcatchments DrAA Width a9
: Property Value I
Junctions ] % Slope 99 - 7
Suction Head 3
Cutfalls poC % Impery 99 — P
Conductivity 0.025
Dividers Oy M-Impery 0.012 — —
Initial Deficit 0.33
Storage Units STOR M-Pere 0.15
Condluits Dstore-Impery 0.05
Pumps Dstore-Pery 0.1
Requlators YeZero-Imperv 25 Soil capillary suction head {inches ar mm)
ID Increment L Infiltration Madel GREEM_AMPT
’ Ok ] ’ Cancel ] ’ Help
[] Save as defaults for all new projects | [] Save as defaults far all new projects

| ok | | cancel | | Hep | | ok | | Camcel | [ Hep |
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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

RS SWMM 5.1

MEx]

File Edit Wiew Project Report Tools Window Help

DEEHE 2@ § By

I

Praject | Wap -« Study Area Map

%lf}ECJQ"ZLJZC%_?tE’)VOEIHG'@M@T }

{M][=1% |

Title/MNotes
Options
Climatalogy
= Hydralogy
Rain Gages
Subcatchments
Aquifers
Snow Packs
Unit Hydrographs
LID Contrals
- Hydraulics
# Quality
#- Curves
Time Series
Time Patterns
Map Labels

-

Infiltration Editor

&)

Infiltration Method

GREEM_AMPT

Property |‘u"a|L|e
Poumy Suction Head El
Conductivity 0.025
e || Initial Deficit 0.33

Subcatchment DMA-A

Soil capillary suction head {inches or mm)

| ok

* = A+ » 5
Subcatchments
DMAL
Auto-length: Off - Offsets:Depth ~  Flow Units: CFS = O Zoom Level: 100% XN 4100751, 1

| | cancel | [ Hep

Infiltration

Froperty Value
Mame DrAA-4
K-Coordinate 3000.000
Y-Coardinate 1000.000
Description

Tag

Rain Gage Poway
Clutlet POC-4 .
Area L33
Widlth 245

% Slape 3

Yo Impery ]
M-Impers 0012
M-Pers 0.05
Dstare-Impery 0.05
Dstore-Pery 0.1
Yelera-Impery 25
Subarea Routing OUTLET
Percent Routed L0

{GREEM_AMPT

Groundwater
Snow Pack
LID Caontrals
Lanel Uses
Initial Buildup
Curb Length

MO

]
]
MOME
]

Storm Water Management Model (SWMM) Training

Infiltration parameters (click to edit)

22




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).

Outfall POC-A

-
RS SWMM 5.1

~

(=1

File Edit Wiew Project Report Tools Window Help

DEEHE B2#AM@ § By

= %fr:gaam:céf@mtviEHG@M@T 1

Praject | Map -« Study Area Map

=Joe3

- Title/Mates

i Options

o Climatalogy
® Hydralagy
= Hydraulics

o = MNodes

-
H ividers
Starage Units
] Links s
H Transects
Contrals
@ Quality
1+ Curves
. Time Series sl
.. Time Patterns

. Map Labels

POC-~

+ = & ¢+ 3 8
Cutfalls
POC-A

Auto-length: Off - Offsets:Depth ~  Flow Units: CFS = O Zoom Level: 100% XY -895.954, 10000.000

Praperty ‘Value
Name POC-A
X-Cooardinate 3921.002
¥-Caardinate 3121.387
Description
Tayg
Inflows RO
Treatment O
Invert El. 0
Tide Gate O
Route To
Type FREE
Fixed Outfall

Fixed Stage 0
Tidal Outfall

Curve Mame

Time Senes Outfall

Series Mame

User-assigned name of outfall

Storm Water Management Model (SWMM) Training
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Connect Subcatchment to Outfall

Subcatchment DMA-A

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

ESWMM 5.1 - ExampleProject_PRE.inp

File Edit View Project Report Tools Window Help

D EHE MA@ § Byl

D e KMhRoed  HE FHEHOVOEH-CEBMET 1

Project | Map | -= Study Area Map

{M][=1% |

-~ Title/Motes

i Options

o Climatalogy
& Hydralogy

Subcatchments
; Snow Packs

Unit Hydrographs
. LID Contrals

Foway

& Hydraulics
I Quality
#- Curves
- Time Series -DMAA
- Time Pattemns .
Map Labels | e
POC-A
L
= A o+ v B
=nts
DIA-A
Auto-length: Off - Offsets:Depth ~  Flow Units: CFS = O Zoom Level: 100% XY 4576.108, 11637745

Froperty Value
Mame DrAA-4
K-Coardinate 3000.000
Y-Coardinate 1000.000
Description

Tag

Rain Gage Poway
Outlet POC-A
Area L33
Widlth 245

% Slape 3

Yo Impery ]
M-Impers 0012
M-Pers 0.05
Dstare-Impery 0.05
Dstare-Pers 0.1
Yelera-Impery 25
Subarea Routing OUTLET
Percent Rauted 100
Infiltration EGREEN_AMF'T _E
Groundwater MO
Snow Pack

LID Caontrals ]

Lanel Uses 0

Initial Buildup MOME
Curb Length ]

Storm Water Management Model (SWMM) Training
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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.

Storm Water Management Model (SWMM) Training 25




Example Project — Institutional Living

POST-PROJECT (UNMITIGATED)
MODEL SETUP

Storm Water Management Model (SWMM) Training




Drainage Management Area “A”

SWMIGA TRAINING : ) EXAMPLE PROJECT
EXAMPLE PROJECT - NEW DEVELOPMENT (DMA A N
EXHIBIT 2 (SHEET 2 OF 2) BASIC INPUT DATA FOR DMA ‘A

O PRE-PROJECT SLOPE: 3.0% (AVE.)

L PRE_PROJECT COVER: PERVIQLUS

0O POST-PROJECT SURFACE: SEE EXHIBIT

O POST-PROJECT SLOPE / % IMPERVIQUS
- DMA-A1: 1% SLOPE / 73% IMPERV.
- DMA-A2: 50% SLOPE / 0% IMPERV.
- DMA-A3: 0.1% SLOPE / 04 IMPERV.

<

rpeal | PLE PROBLEM

E .|\ MITIGATED SCENARIO 1t
| DESIGN BIOF [LTRATION BMP
: M WITH A LOW-FLOW ORIF ICE.
i; ANSWER: LID AREA ::‘2
L LOW-FLOW ORIFICE 1 - IN
|

POC-A MITIGATED SCENARIO 2 (OPTIONAL):

2 H DESIGN BIOF ILTRATION BMP

WITH A LOW-FLOW ORIFICE
AND A MID-FLOW ORIFICE.

o

[ ovA-A3 UNMIT) /7 ) ANSWER: LD AREA F
LID-A_(MIT. SCENARIO 15X U ID-OR IF | ot 71 - N
0.06 AC. — —
A NR T LOW-FLOW ORIFICE 1 - IN
|LID-A (MIT. SCENARIO 2) LEGEND
= 53 S 27— —o || —— DRAINAGE MANAGEMENT AREA (DMA) (OVERALL)
BIOFILTRATION BMP) ' ' =P H —— —— - DMA (INDIVIDUAL)
H O\ — o r [0  IMPERVIOUS SURFACE
E b &XxAC) oA ACREAGE
e M 5620 FRIARS ROAD 40 20 0 40 BO 120 T
il R | C K Bkt O LOCATION OF PROPOSED BIOF ILTRATION BMP (MIT.)
% | EXhmEOTORNY. (rAX619.291 4165 GRAPHIC SCALE 1= 40"
= 291, JUNE 2015
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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.

B SWMM 5.1 - ExampleProject_POST-UNMIT.inp
File Edit Wiew Project Report Tools Window Help

==k

Project i.Map |

l Title/Nates I

o Climatalogy

a2 Study Area ;\kap

® Hydralagy
#- Hydraulics .
- Quality 2

[ZJ

il H Title/Hotes Editor

w Curves
Time Series

Time Patterns
. Map Labels

DA

bmm Traininhg - Example Projec
June 2Z3-z6, 2015

FOC-A
¥

* 4 LA
Title/M

| SWM‘I‘\-‘I Training - émmp\e P.roject =
Past-project {Unmitigated) Candition
| June 23-24, 2015

Use title line as header far printing

t - Post-project [(Immitigated) Condition

Ik ] [ Cancel

Auto-length: Off - Offsets:Depth ~  Flow Units: CFS = O Zoom Level: 100% XY 4353.430, 9903661

Storm Water Management Model (SWMM) Training
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Subcatchments

Under the post-project condition, we will split the Drainage Basin A area into
N 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 R #2 Powa

omay Poway

Dutes] e Dhe DR A4 Ohde A2

] ] l |
\ ,
i .

. .
+ Ohlds A3
Dt 2 Dbl 2

POC-A POC-A POC.A
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Subcatchment DMA-AL

Infiltration
Groundwater
Snow Pack
LID Cantrals
Land Uses
Initial Builelup
Curb Length

Property |‘u"a|ue
Mame |DMA-A1]
K-Coordinate 2000.000
Y-Coordinate 7000.000
Description

Tag

Rain Gage Poway
Outlet DIA-A3
Area L0%
Widlth 230

% Slope 1

e Impery 13
M-Impery 0.012
M-Pers 0.15
Dstare-Impers 0.05
Dstare-Pers 0.1
Telera-Impery 25
Subarea Routing OUTLET
Percent Routed 100

GREEM_AMPT
MO

MOME
0

Subcatchment DMA-AZ

Property |‘u"a|ue
Mame |bMA-A2
K-Coordinate 3741592
Y-Coordinate 6994.221
Description

Tag

Rain Gage Poway
Outlet DIA-A3
Area .19
Width 185

% Slape 51

e Impery 0
M-Impery 0.012
M-Pers 0.15
Dstare-Impere 0.05
Dstare-Pery 0.1
Telero-Impery 25
Subarea Routing OUTLET
Percent Routed 1010
Infiltration GREEMN_AMPT
Groundwater MO
Show Pack

LID Cantrals 0

Land Uses I

Initial Builelup MOME
Curb Length 0

Subcatchment DMa-A3 X
Property |‘u"aIL|e
Mame |bl-.'lA-A3
#-Coordinate 2996.146
Y-Coordinate 5973.025
Description

Tag

Rain Gage Poway
Outlet POC-A
Area 0.06
Width 25

% Slape 0.1

e Impery 0
M-Impery 0.012
M-Pere 0.15
Dstare-Impers 0.05
Dstore-Pere 0.1
Yelera-Impery 25
Subarea Routing OUTLET
Percent Routed 104

Infiltration
Groundwater
Snow Pack
LID Cantrals
Land Uses
Initial Buildup
Curb Length

GREEM_AMPT
MO

MOME
0

St

User-assigned name of subcatchment

el (SVW

User-assigned name of subcatchment

User-assigned name of subcatchment
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Infiltration Editor

To account for the compacted condition of the soil, a 25% reduction factor is
0 applied to the “Conductivity” variable for all three (3) subcatchments.
Note: The infiltration parameters shown here are for Type D soils.

= = = = - —
& SWMM 5.1 - ExampleProject_POST-UNMIT.inp =%
File Edit Wiew Project Report Tools Window Help

& FHOYTOE—-CBMET \ p
o Infiltration Editor

Project |Map | - Study Area Map
- Title/Motes
i Options
o Climatalogy
& Hydralogy
- Rain Gages Poway F'FCIFIE'F’.}" | Value

- Subcatchments
Suction Head 9
LICTIOn Aead |

- Aquifers

Infiltration Method GREEM_AMPT

Snow Packs .
. Unit Hydrographs DM A2 —
: wi . Conductivity 001575

¢ . LID Contrals
- Hydraulics S g
é! Quality b
#- Curves
- Time Series
- Time Patterns :PUE_A
- Map Labels L4

Initial Deficit 0.33

Soil capillary suction head {inches ar mm}

+ = 4 o & 8l

Subcatchments
DhA-AL

DrA-A2

DMA-A3 QK ] ’ Cancel ] [ Help

Auto-length: Off - Offsets:Depth ~  Flow Units: CFS = O Zoom Level: 100% XY 11473985 9942197
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Model Complete!

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

Next, let's run the post-processing analysis
to quantify the hydrologic impacts
of the proposed development.
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Example Project — Institutional Living

POST-PROCESSING
PRE- AND POST-PROJECT UNMITIGATED
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Hydromodification

Management Criteria (HMC)

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.

Chapter 6: Hydromodification Management Requirements for Priority Development Projects

1 For flow rates ranging from 10 percent, 30 percent or 50 percent of the pre-
development 2-year runoff event (0.1Q,, 0.3Q,, or 0.5Q),) to the pre-development
10-year runoff event (Q,,), the post-project discharge rates and durations shall not
deviate above the pre-development rates and durations by more than 10 percent over
and more than 10 percent of the length of the flow duration curve. The specific
lower flow threshold will depend on the erosion susceptibility of the receiving stream
for the project site (see Section 6.3.4).

2 Tor flow rates ranging from the lower flow threshold to Q;, the post-project peak
flows shall not exceed pre-development peak flows. For flow rates from Q. to Q,,
post-project peak flows may exceed pre-development flows by up to 10 percent for a
1-year frequency interval. For example, post-project flows could exceed pre-
development flows by up to 10 percent for the interval from Q, to Q,, or from Q;
to Q, s, but not from Q, to Q,,.
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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

B SWMM 5.1 - ExampleProject_PRE.inp =)=

Fle Edit WYiew Project Report Too

DeEds maxd g BuwEa: s o5 K coa 1 HE FEOTOH—-CBMET }

Window Help

Pre-project Condition

Project !.Map " Study Area Map g@
. Title/MNotes |—
 Options ECITITTE
~. Climatolagy
E! Hydralogy - -, - -,
1+ Hydraul
Ly (o Run Status Run Status
s Curw
Time Series
- Time Pattems . T Computing ...
. Map Labels ! Run was successful.
IFDI:-A ...
v Percent Complete: 10% Continuity Error
) [T Surface Runoff: -L94 %%
Simulated Time: b Ll
|Da],rs | 1541 | |

+ - & 4+ B
Title/Nates

| SWM‘I‘\.’I Training - Example P.roject - ..
| Pre-project Condition Stl:lp Finimize QK
June 23-246, 2015

Auto-Length: Off =~  Offsets: Depth = Flow Units: CFS = E.Fj’ Zoom Level: 100% KN -221.580, 9942.197
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Flow Frequency Statistics

First, let's determine the Pre-project Condition 0.1xQ, flow rate by
i 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

B SWMM 5.1 - ExampleProject_PRE.inp =)
File Edit Wiew Project Report Tools ‘Window Help - -,
- e 3 F— icd : . P : = = ] —
‘DEES i EnwEmEY #% KN Xo0aQUH& FAOVORH - COMET | Statistics Report Selection
Project | Map | Graph * | - Study Area Map g@
Title/Notes e E ' Object Category | Made M
P
- Climatolagy Custormize
®- Hydrolagy Object Mame POC-A (+)
# Hydraulics i
F- Quality .
Cures Variable Analyzed | Total Inflow M
Time Series
- Dbl A
o Event Time Period | Event-Dependent M
ap Labels
Foc-A P
v Statistic | Peal M
Event Threshaolds
Total Inflow 0.003
———] Event Volume 0
Title/Motes
SWIM Training - Example Project - - mam Sepﬂrﬂtiﬂn Time 24‘|
Pre-praject Condition
Pre-project Condition
Ok I [ Cancel ] [ Help I
Auto-Length: Off ~  Offsets: Depth ~  Flow Units: CFS  ~ £ Zoom Level: 100% K Y -1897.851 5153.044
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Statistics

3. Statistics - Node POC-A Total Inflow =JIoJes SWMM’s built-i
! Summary |E1.rer1ts Histogram | Frequency Plot S UI -In
EUHHARY STATISTICS . .
e e e the Weibull Plotting
Wariashle ............. Total Inflow ([CF3) g
Event Period ......... Variable POSItlon
Ewvent Statistic ...... Feak [CF3)
Event Threshold ...... Total Inflow > 0.0030 ([CF3) @
Event Threshold ...... Event Volume > 0.0000 (£t3) —
Event Threshold ...... Separation Time »>= 24.0 (hr) @-ﬁﬂistics - Mode POC-A Total Inflow E]@
Pericd of Record ..... lo0/04/1962 ta 0572372005
Summar}f| Events |Histogram Frequency Plot
Mumher of Eventi """ =32 Event Event Exceedance Return i
E‘E.}'EI.lt. Frequency®...... 0.007 Duration Peak Frequency Periad =
Han_.mu.m Value ........ 0.003 Rank Start Date {hours) {CF5) {percent) {years)
Maximum Value ........ 1.019
Hean ¥alue ........... 0.248 1 03/24/1983 | LL0 Li19 0.34 47.00
srd. Deyiation ....... 0.198 ;
Skewness Coeff. ...... 1.556 2 02/18/1980 77.0 Lo14 0.65 23.50
#*Fraction of all reporting periods belonging to an ewd ‘ 01/25/1335 LL0 0.908 L2 15.67
4 01/09/1975 29.0 0583 137 LL75
5 03/17/1982 21.0 0,553 L7l 9.40
[ 12/28/2004 19.0 0.539 2.05 1.83
7 LL/05/1987 2.0 0.504 2.39 6,71
i 02/08/199% 16.0 0.752 2.73 5.58
q 12/28/1978 37.0 0.735 3.07 5.22
Pre-prOJect Condition 10 11/29/1982 220 0.733 341 470
L1 02/03/1998 1.0 0.727 3.75 4.27
12 L2/18/197% 3.0 0.710 4.10 3.92
13 LL/12/19746 2.0 0.693 4.44 3.62 M
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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”

[ =,

Copy Statistics
CGFI:"' Tﬂ CGFI:"' J:'.,S
® Clipboard Bitmap
Iletafile
ot Data (Text)
[ 0K l ’ Cancel ] ’ Help
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External

Post-processing Spreadsheet

Open “SWMM _PostProcessing.xlsx” A B c D E F
H 111 ” -
Click on the “Pre-Q” tab and paSte Pre- » Pre-project Flow Frequency - Long-term Simulation
project Condition statistics in the highlighted 3
” 4 |SWMM Training - Example Project - Pre-project Condition
Ce 5 |Statistics - Node POC-A Total Inflow
. « " ] Event Event Exceedance Return
Make adjustments to “Column I” as 7 Duration  Peak  Frequency Period
. B Rank Start Date {hours) [CFS) [percent) [years)
necessary to determine the Q,, Q;, and Q,, s 1 zawaess n 1019 032 o
10 2 2/18/1980 77 1.014 068 235
values. 11 3 1/25/1885 11 0.508 1.02 15.67
12 4 1/9/1578 29 0.283 1.37 11.75
- 13 5 3/17/1982 21 0.883 171 5.4
Pre-prOJeCt 14 g 12/28/2004 18 0838 2.05 7.83
15 7 11/5/1987 2 0.804 139 £.71
16 2 2/8/1958 15 0.752 173 588
17 g 12/28/1978 37 0.735 3.07 5.22
10-year Q: 0.883 cfs 18 0 11/29/1982 22 0.733 3.41 47
19 11 2/3/1938 7 0.727 375 427
5-year Q: 0.734 cfs 20 12 12/18/1978 3 0.71 4.1 3.82
21 13 11/12/1876 2 0.653 444 3.62
2-year Q: 0.570 cfs 22 14 2/28/1870 3 0.691 478 3.36
23 15 2/14/1988 5 0.652 5.12 3.13
24 16 1/6/1574 33 0.631 548 294
%I 17 3/1/1883 42 0.623 5.8 278
26 18 2/8/1583 5 0.617 £.14 261
Lower Flow Threshold: 10% 27| 1 1/5/1979 21 0605 5.43 247
28 0 1/28/1980 45 0.554 £.23 235
29 21 12/9/1965 29 0.587 7.17 2.24
30 22 1/5/2005 22 0.585 751 2.14
O.lXQZ (Pre): 0.057 cfs 31 23 3/17/1283 29 0571 7.85 2.04
32 24 11/16/1872 22 0.568 219 195
33 25 2/27/2001 10 0.55 253 1.88
M 4 » M| Discimer | Pre-Q . Post-Q - PostMit-Q . FF_Summary  FFC
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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” Copy Chart =
Copy To Copy As
rTime Series Plot Selection W Pre_project Condition () Cliphoard ) Bitmap
i () Meatafile
Time Periacls - O File (#) Data (Text)
ﬁ Graph - Hode POC-A Total Inflow
Start Date End Date a
10/04/1962 w 05,/23/2008 v ————— Mode POC-A Total
i [ OF l ’ Cancel ] ’ Help
lC:}E|a|:|sv:3r:ITirr1v;- (%) Date/Time 1.1
10
Data Series 0.9
0.8
| # Add || 4 Edit|| = Delete | <+ = 5 07
MNade POC-A Total Inflaw gos
=05
204
0.3
0.2
0.1
o 1963 1967 1971 1975 1979 1983 1987 1991 1995 1999 3003 2007 201
OF l ’ Cancel ] ’ Help ]

Storm Water Management Model (SWMM) Training
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External

Post-processing Spreadsheet

M=)

¥ Graph - Node POC-A Total Inflow

Mode POC-A Total Inflow (CFS)

20
c
E 0.5
~ 0.4
0.3
0.2
o0 L |

Pre-project Condition

| A | B [ ¢ T o [ e T ¥
1 i
5 _Pre-proiect Time Series - Long-term Simulation

1963 1967 1971 1975 1979 1983 1987 1991 1995 1999 2003 2007 2014

4 |Node POC-A Totdl Inflow (CFS)

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

5 | Total Inflow {CFS)
b | 10/4/62 16:00 0

7| 10/4/6217:00
&
e,

| 10/4/62 18:00
9 | 10/4/6219:00
10| 10/4/62 20:00
11| 10/4/6221:00
12| 10/4/6222:00

13| 10/4/62 23:00

14| 10/5/620:00
15| 10/5/621:00
16| 10/5/622:00
17| 10/5/623:00
18| 10/s5/624:00

19| 10/5/625:00

b O Q9 O Q9 o Q0 o o0 O 0 09O o0

W Pre-TS /Post-TS - PostMit-TS . FD_Summary . FI4 [_li_]

Storm Water Management Model (SWMM) Training
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SWMM Files Explained

If you look in your project directory now, you will find a series of files.

.dat or .txt Rainfall Data Created by user using external program Yes
* Time-series data from (e.g. NotePad, Excel, etc.)
Bpnway.dat PCW
.inp Input File Generated by user in the SWMM Yes
* Project-specific data program

ExampleProject_PRE.inp

.ini Confiquration Settings Automatically generated when saving No
* Map display options the SWMM program
~BExampleProject_PRE. ini O ObjeCt default values
.rpt Status Report Generated by SWMM after a successful No
+ Simulation Results simulation

* Error Messages

B ExampleProject_PRE.rpk ; .
» Continuity Errors

.out Output File Generated by SWMM after a successful No
* Binary file simulation

m ExampleProject_PRE, ouk
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Let’s repeat these steps for the Post-project (Unmitigated) Condition...

Y

Run Simulation

b

Assess Results

Calculate Flow
Durations

Extractthe |
Runoff Time-
series

| Generate Peak 1
Flow Statistics

Extract Peak
Flow Statistics

Generate the |
Runoff

Hydrograph

L/

\

Storm Water Management Model (SWMM) Training
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Run Simulation

Open the “ExampleProject POST-UNMIT.inp” file
Click the “Run a simulation” icon

[ SWMM 5.1 - ExampleProject_POST-UNMIT.inp

o3
Fle Edit WYiew Project Report Too Window Help
DEe maxe dEYWEEL D g (N xoa A KNS  FEHOY O GDME T |
= —_— —
Project [Map | +- Study Area Map
- Title/Motes

1= Hydraulics

NER] Post-project
i B W (Unmitigated) Condition

§)

Powa:
i = MNodes

-
Run Status Run Status
Junctions
; -~ Outfalls Dt A1 Dbt A2
Dividers n n @ Computing ...
. Starage Units putng Run was successful.
@ Links o omee F 80
. Transects n . c
- Control g Percent Complete: 20% Continuity Error
& Quality POC-A
& Curves N ) [EEEEES Surface Runoff: -L.90 %%
- Time Series
. Time Pattems : = Flow Routing: 0.00 %
" Map Labels Simulated Time: g
Days | 3226 | |
+ = & ¢+ 3 8l
Outfalls
POC-A ...
(o] [otmee)
Auto-Length: Off ~

Offsets: Depth = Flow Units: CFS = E-'j’ Zoom Level: 100% X.¥: 4576.108, 9710,983

Storm Water Management Model (SWMM) Training
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Flow Frequency Statistics

Report -> Statistics -> “Statistics Report Selection”
b Input the selections shown below.

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

R SWMM 5.1 - ExampleProject_POST-UNMIT.inp Lokd
Flle Edit Wiew Project Report Tooks  Window Help

- [ 1
DEHS BAN® § Bn 0 0 3 K ®oa HE FEOVOH-COBMET | Statistics Report Selection .
Project [Map | +- Study Area Map
- eNotey Object Category | Made vl
- Options
Climatalagy
i Hydrology Object Mame POC-A (+]
(= Hydraulics Poway
\ = Modes -
© - lunctions Variable Analyzed |Tcuta| Inflow vl
H Outfalls Dt 41 Db 7
H Dividers . :
__ Storage Units = ; ) s Event Time Periad | Event-Dependent vl
@ Links \\\ D £
T .
: Cra"sm : Statistic |Peah vl
i antrals 5
& Quality Poc.a
w Curves b
. Time Series Event Thresholds
- Time Patterns
- Map Labels

Total Inflow 0.003
O:tfa\[: S POSt-pI'OjeCt Event Volume i
POC-A (Unmitigated) Condition Separation Time 24

ok | | cance | | Hep |

Auto-Length: Off =~  Offsets: Depth = Flow Units: CFS = E-'j’ Zoom Level: 100% X.¥: 4576.108, 9710,983
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Statistics

3! Statistics - Node POC-A Total Inflow M= SWMM’s built-i
! S'-If'l‘"'l‘Taf}’|El.fer1ts Histogram | Frequency Plot S UI -In
SUMMAERTY 5 TATISTICSES
0B3ECE wrvrvrnnnnn... Mode POC-A the Weibull Plotting
Variable ...vcvevennes Total Inflow ([CF3) g
Event Period ......... Variable POSItlon
Ewent Statistic ...... Peak ([CF3)
Ewent Threshold ...... Total Inflow > 0.0030 (CF3) @
Ewent Threshold ...... Ewvent Wolume > 0.0000 [(££3)
Ewvent Threshold ...... Separation Time »>= 24.0 [(hr) .
Period of Record ..... 10/04/1962 to 05723742008 Statistics - Mode POC-A Total Inflow E]@
Mumber of Events ..... 74z Summar}r| Events |Histogram Frequency Plot
Ewent Frequehcy®...... 0.032 =
Minimum ¥alue ....oe... 0.003 5ot ERER s s e =
Maximm Value 1.053 Duration Peak Fregquency Periad =
Meen Value ... IZI: 173 Rank Start Date {haours) (CFS) {percent) {years)
3td. Deviation ....... 0.179 1 03/24/1983 ; 17.0 1053 0.13 47.00
Skevmeszs Coeff. ...... 1.343 —
2 0271371980 Lad.0 L.052 0.27 23.50
. . . . .
Fraction of all reporting periods belonging to an ewe 3 01/24/1995 510 1,945 0.4 15.67
4 L2/28/2004 45.0 0.926 0.54 LLT5
5 OL/09/19748 45.0 0.919 0.67 9.40
i 0371771982 52.0 0918 0.51 1.83
7 LL/29/1952 240 0.871 0.94 6,71
= 3 LL/04/1987 24.0 0.560 L3 5.8
Post-project
.. .. 9 LL/12/19746 1L 0824 L21 5.22
(Unmitigated) Condition I 02/28/1970 1o 0793 135 a0
11 12/27/197% 85.0 0,782 148 4.27
12 02/06,199% 70.0 0.774 Lial 3.92
17 i A e I W B £0 8 A 374 i i s | M
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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”

[ =,

Copy Statistics
CGFI:"' Tﬂ CGFI:"' J:'.,S
® Clipboard Bitmap
Iletafile
ot Data (Text)
[ 0K l ’ Cancel ] ’ Help
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External

Post-processing Spreadsheet

Open “SWMM _ PostProcessing.xIsx” A 5 c D : :
H 11 ” -
C“(?k on the _EOSt'Q tab and paSte_P(_)St'_ » Post-project (Unmitigated) Flow Frequency - Long-ter
project (Unmitigated) Condition statistics in 3
. . 4 |SWMM Training - Example Project - Post-project (Unmitigated) Condition
the hlgh“ghted Ce” 5 |Statistics - Mode POC-A Total Inflow
. « ’ b Event Event Exceedance Return
Make adjustments to “Column |” as 7 Durstion  Pesk  Frequengy  Period
. 8 | Rank StartDate  (hours) (CFS) (percent) | (years)
necessary to determine the Q,, Qg, and Q;q |5 1 pwsem v im0 e
values. 10 2 2/13/1980 194 1052 0.27 235
11 3 1/24/1995 51 0.946 0.4 15.67
12 4 12/28/2004 45 0.926 052 1175
. .y m 13 5 1/9/1978 45 0.912 0.67 9.4
POSt-prOJeCt (Unmltlgated) 14 5 3/17/1982 52 0.918 0.81 7.83
15 7 11/29/1982 24 0.871 0.94 6.71
16 g 11/4/1987 24 0.86 1.08 588
17 9 11/12/1976 11 0.824 1.21 5.22
10-year Q: 0.921 cfs 18 0 2/28/1970 44 0793 135 a7
19 11 12/27/1978 g5 0.782 1.48 427
5-year Q: 0.811 cfs 20 12 2/8/1338 70 0.774 1.62 3.32
21 13 12/17/1978 g2 0.774 1.75 3.62
2-year Q: 0.627 cfs 2 14 2/3/1998 46 0.769 1.88 3.36
23 15 12/9/1965 31 0.761 2.02 3.13
24 16 2/14/1998 40 0.7 115 294
25 17 3/1/1983 82 0.652 2.29 2.76
26 18 2/5/1283 §4 0.652 2.42 161
Lower Flow Threshold: 10% Z e | 16 o688 256 247
29 21 1/77/1980 70 0625 2583 224
30 22 3/17/1263 20 0.641 296 2.14
0.1xQ2 (Pre): 0.063 cfs 31 23 3/17/1983 45 0.53% 31 2.04
32 24 1/7/2005 115 0.614 3.23 1.96
33 25l li.-'l.-':tj;; J13 /: 11 4/33& 15}
W A M| Disclimer Pre-Q | Post-Q - PostMit-Q FF_Summary . FFC
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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” Copy Chart =
Copy To Copy As
rTime Series Plot Selection W POSt-projeCt (*) Clipboard ) Bitrap
‘ (Unmitigated) Condition . O Metafile
Time Periads ﬁ Graph - Mode POC-A Total Inflow @ Data (Text)
Start Date End Date a
10/04/1962  |w| |05/2372008  [w . T T L ok | [ cancel | [ mew
() Elapsed Time (%) Date/Time 11
1.0
Data Seres 0.8
o 0.8
| # Add || 4 Edit|| = Delete | <+ = £
MNode POC-A Total Inflow gos
=05
5o
0.3
0.2
0.1
oK l ’ Cancel ] ’ Help ] o 1963 1967 1871 1975 1879 1983 1987 1991 1995 1999 2003 2007 2011
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External

Post-processing Spreadsheet

1 Graph - Node POC-A Total Inflow =Jo&d
@
Mode POC-A Total Inflow (CFS)

1.2

1.1

1.0

0.9

o8
('

S 07

E 0.6
=

S 05

E 0.4

0.3

0.2

0.1

0.0

1963 1867 1971 1975 1879 1983 1987 1991 1985 1899 2003 2007 201
Click on the “Post-TS” tab and

paste Post-project (Unmitigated)
Condition runoff hydrograph (time-
series) in the highlighted cell

Post-project
(Unmitigated) Condition
| A | B ¢ [ ' | & | &

1 4

, Post-project (Unmitigated) Time Series - Long-te
3

4 |Node POC-A Totd Inflow (CFS)
B3| Total Inflow (CFS)

il _ 10/4/62 16:00 o
7 | 10/4/6217:00 0

a _ 10/4/62 18:00 ]}
9 | 10/4/6213:00 0

10 | 10/4/62 20:00 0

11 _ 10/4/62 21:00 0

12 | 10/4/62 22:00 0
13| 10/4/6223:00 0

14 | 10/5/62 0:00 0
15| 10/5/621:00 0

16 _ 10/5/62 2:00 0
17| 10/5/623:00 0

18 | 10/5/624:00 0
19| 10/5/625:00 0

M 4 » M| Pre-Q PostQ . PostMit-Q . FF_Summary . FFC .~ Pre-TS | Post-TS
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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

l, PRE-PROJECT l,

| pisclaimer ‘Pre-Q "Post-Q . PostMit-Q .~ FF_Summary . FFC .~ Pre-TS . Post-TS .~ PostMit-TS .~ FD_Summary . FDC .~ FDMit_Summary . FDCMit o~ FlowCoefficient

1‘ 1‘ POST-PROJECT (Unmitigated)
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Flow Frequency: Table

Return Period Pre-project Qpeak Post-project - Unmitigated Q
(cfs) (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

Peak Flow Frequency Curves

1.000 +

0.900
0.800 -

0.700 -

o
8

0.500

Peak Flow in cfs

°
8

0.300

0.200

0 1 2 3 4 5 6
Return Period in Years

HMC

Fails to meet

=~ Pre-project Qpeak

—O—Post-project Unmitigated Qpeak

10
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Flow Duration: Table

A B C D E F G H
I\ Lower Flow Threshold: | 10%
2 0.1xQ2 (Pre): 0.057 cfs
3 Q10 (Pre}): 0.883 cfs
4 # of Ordinates: 100
5 Incremental Q (Pre): 0.00826 cfs
6 Total Hourly Data: hours The proposed BMP:
7

Interval Pre-project Flow| Pre-project !Jre-project.% Post-project I?ost—proiect.% Percentage pass/Fail
T (cfs) Hours Time Exceeding Hours Time Exceeding
9 0 0.057 201 2.00E-03 2359 5.90E-03 295% Fa
10 1 0.065 743 1.86E-03 2056 5.14E-03 277% Fa
11 2 0.073 680 1.70E-03 1816 4.54E-03 267% Fa
12 3 0.082 627 1.57E-03 1572 3.93E-03 251% Fa
13 4 0.090 377 1.44E-03 1421 3.55E-03 246% Fa
14 5 0.098 524 1.21E-03 1214 3.03E-03 232% Fa
15 6 0.107 492 1.23E-03 1118 2.79E-03 227% Fa
16 7 0.115 466 1.16E-03 1023 2.56E-03 220% Fa
17 g 0.123 A37 1.09E-03 915 2.29E-03 209% Fa
93 0 0.800 7 1.75E-05 10 2.50E-05 143% Fa
100 91 0.809 & 1.50E-05 10 2.50E-05 167% Fa
101 92 0.817 i 1.50E-05 10 2.50E-05 167% Fa
102 93 0.825 6 1.50E-05 8 2.00E-05 133% Fa
103 94 0.833 3 1.50E-05 8 2.00E-05 133% Fa
104 95 0.842 5 1.25E-05 8 2.00E-05 160% Fa
105 £l 0.850 3 1.25E-05 8 2.00E-05 160% Fa
106 En 0.858 5 1.25E-05 8 2.00E-05 160% Fa
107 £l 0.566 3 1.25E-05 7 1.75E-05 140% Fa
108 99 0.875 5 1.25E-05 i 1.50E-05 120% Fa
109 100 0.883 3 7.50E-06 & 1.50E-05 200% Fa
110
4 4 » »[ “Post-TS , PostMi=TS | FD_Summary . FDC ~ FDMit_Summary . FDCMit .~ FlowCoefficent . %2 4 Il | »
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Flow Frequency: Curves

Flow Duration Curve
[Pre vs. Post (Unmitigated)]

1.000

0.900

0.800

—0—Pre-project Q

0.700 -O—Post-project (Unmitigated) Q

0.600

Flow (cfs)

0.500

— Fails to meet
0.300 HMC

0.200

0.100

0.000
1.0E-06 1.0E-05 1.0E-04 1.0e-03 1.0E-02

% Time Exceeding
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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 0.1xQ, to Q.

C
Peak Flow Frequency Curves Flow Duration Curve

[Pre vs. Post (Unmitigated)]

1.000 + 1.000

— b 0.900
] = o
d -
- = 0.800
- O =

0.700

—o—Pre-project O

Post-project {Unmitigated) O

0.600

Flow {cfs)

Peak Flow in cfs

+

1.0E-06 1.0€-05 1.0€-04 1.0E-03 1.06-02

% Time Exceeding

Increase in Flow Durations

: Fails to meet the HMP Flow Control Performance Standards
|
l .". 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
iIs now complete!

Next, let's setup a Post-project (Mitigated)
Condition model, including a Biofiltration Basin.
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Example Project — Institutional Living

POST-PROJECT (MITIGATED)
MODEL SETUP FOR SCENARIO 1
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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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Drainage Management Area “A”

SWMIGA TRAINING : ) EXAMPLE PROJECT
EXAMPLE PROJECT - NEW DEVELOPMENT (DMA A N
EXHIBIT 2 (SHEET 2 OF 2) BASIC INPUT DATA FOR DMA ‘A

O PRE-PROJECT SLOPE: 3.0% (AVE.)

0O PRE PROJECT COVER: PERVIOUS

O POST-PROJECT SURFACE: SEE EXHIBIT

O POST-PROJECT SLOPE / % IMPERVIQUS
- DMA-A1: 1% SLOPE / T73% IMPERV.
- DMA-A2: 50% SLOPE / 0% IMPERV.
- DMA-A3: 0.1% SLOPE / 0% IMPERV,

.-
A EXAMPLE PROBLEM
e d EXAMPLE PROBLEM
E .|\ MITIGATED SCENARIO 1t
| DESIGN BIOFILTRATION BMP
: ) WITH A LOW-FLOW ORIF ICE.
1-% ANSWER: LID AREA ::—2
L LOW-FLOW ORIFICE 1 - IN
| — —
POC-A MITIGATED SCENARIO 2 (OPTIONAL):
&t Q) i DESIGN BIOF ILTRATION BMP
) WITH A LON-FLOW ORIFICE
AND A MID-FLOW ORIFICE.

o

619.291.0707 - '
ENOINEERING COMPANY  (FAX)619.291.4165 GRAPHIC SCALE 1'= 40 2015

|
l DMA-A3 (UNMIT.) / | ANSWER: L 1D AREA F
> | Lip-A" . SCENARIO 1 MooRiFlcE 1 - i
0.06 AC. — —
= 2613.6 SF i LOW-FLOW ORIFICE 1 - IN
|L|D-h (MIT. SCENARIO 2) LEGEND
= 53 S 27— —o || —— DRAINAGE MANAGEMENT AREA (DMA) (OVERALL)
BIOFILTRATION BMP) ' ' =P H —— —— - DMA (INDIVIDUAL)
H O\ — o r [0  IMPERVIOUS SURFACE
I N
E b &XxAC) oA ACREAGE
e M 5620 FRIARS ROAD 40 20 0 40 BO 120 T
R | C K ENEEeeit O LOCATION OF PROPOSED BIOF ILTRATION BMP (MIT.)
-
@
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Define 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 Pre- 0.1xQ, = 0.057 cfs

12-inch Freeboard & Q,,, Conveyance

12-inch Surface Ponding Depth

24-inch Engineered Soil (n=40%) - H = 4-feet

12-inch Gravel Layer (n=40% or e=0.67) _

4-inch Perforated Pipe with Low-Flow Restrictor (®d = __ ? -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 0.1xQ,,
the maximum low flow restrictor diameter would be 1.0-inches based on the
Orifice Equation.
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Scenario 1 Working Solution

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 & Q,,, Conveyance

12-inch Surface Ponding Depth

24-inch Engineered Soil (n1=40%)

12-inch Gravel Layer (n =40% or €=0.67)

4-inch Perforated Pipe with Low-Flow Restrictor (® = 5/8-inch (or 0.625-inches))
Both flowlines set at the bottom of the Gravel Layer

3-inch Dead Storage Layer (Gravel)
Located Iongitudinally below the o IS T S
perforated pipe only - N\ _/ <~/
Does not provided storage volume . . .

How small is 5/8-inch? ~ diameter of a dime

Storm Water Management Model (SWMM) Training 62




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.

B SWMM 5.1 - ExampleProject_POST-MIT_Scenario.inp =Jogd

File Edit Wiew Project Report Tools Window Help

NEHS BAN® § By 2 0 B8 K Roa H5& FHEOVORH - FOMET }

Project | Iap _. Study Area Map r- — = p—
icie/Mlotes & Title/Motes Editor
Climatalagy bsmm Trainihg - Example Project - Post-project [(Mitigated 3cenario 1) Condition

2:1:::{:23; Tune 23-26, 2015
Time Series
o R

‘\!LID-A
Use title line as header for printing (0] 4 I ’ Cancel
i | s 2l
Title/T ”“
[ SWM.I;»‘I Training - Example Project -
Past-project {Mitigated Scenario 1)
o Note:
In general, continuous simulation modeling is an iterative
process; therefore, only one (of many) working solution is
Auto-Length: Off = | Offsets: Depth ~ | Flow Units: CES = | =f | Zoom Level: 100% | X,Y:-626.204, 961464 discussed in detail in the fO"OWing 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”

= =1
o " - - .-.
LID Control Editor
RS SWMM 5.1 - ExampleProject_POST-MIT_Scenariof.inp Contiol Nae: Surface I Sail ;. Stﬂf?lg.l‘." :I Drain i
File Edit Wiew Project Report Tools Window Help 1 L d
(DS HES B@u® § By DO | R e N =
Project | Map - Study Area Map LID Type: Bio-Retention Cell Ilv E'Hm HE'g;ﬁ 12
- Title/Motes 1. ar mim
- Optians Bio-Retention Cell
. Climatalagy s s .
iz Hydralogy Rain Garden Veg E1.:at|nr‘| Volume g
- Rain Gages Fractlﬂn
Subcatchments PV — Green Roof
. ?:;::epr:m ,.f'J.f V! Infiltration Trench Surface Roughness i
peluisklidiaugrhs n " - = Permeable Pavement {Mannings n)
@ Hy = - Rain Barrel Surface Slope i
® Oual - ; g
@ C:::a:y ’ Roaoftop Disconnection {percent)
e Jmesse i Vegetative Swale
. Time Pattems H
: Map Labels VFUE-A 1 L
|| LI R A “Optional
L(rols
0] 4 ] [ Cancel ] [ Help ]

Auto-length: Off - Offsets:Depth ~  Flow Units: CFS = O Zoom Level: 100% XY 1763.006, 9942.197 [’“
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Bio-Retention Cell

LID Control Editor

Control Mame: BR-BasinA

Surface !.Soil ,E-Storage_' Drain |

LID Type: | Bio-Retention Cell |\j | E.erm HEig?t 1
Vegetation Yolume |
Fraction
—. Surface
&N Y 4o \ Surface Roughness il
L= | Hmik {Mannings n)
4l Surface Slope i
Storage — {percent)
J_| Drain®
“Optional
Ok l [ Cancel l [ Help
LID Control Editor
Control Name: |ER-BasinA | Surface;i.Soil i Storage |Drain ;_
LID Type: | Bio-Retention Cell i\j Thickness ) M
in. or mm
Yoid Ratio 10.67
B i (Voids / Solids)
gaoN Y NN Seepage Rate I
L= | fmpt {in/hr ar mm/hr)
Soil T
Clogging Factor 1
Storage s’ h
J_| Drain®
“Optional
[ Ok l [ Cancel l [ Help l

LID Control Editor

Control Name; | BR-BasinA | Surfa.cei Soil !.Storage_' Drain |
Thickness
LID Type: Bio-Retention Cell ﬂ B o 24
Parasity 04
{volume fraction) ’
/ s Field Capacity 0.2
{ {valume fraction) !
Soil Wilting Paint 0L
0 {volume fraction) !
Storage —
T Drain® Conductiety 5
J | {in/hr or mm/hr)
Conductiity 5
Slape
:Dptiatol Suction Head L5
{in. or mm) '
Ok ] [ Cancel ] [ Help
LID Control Editor
Contral Name; | BR-BasinA | Surface ;i.SoiI IE-Storage Drain |

LID Type: Bio-Retention Cell

Surface

Soil
Storage =
J_| Drain®
“Optional
Ok ] [ Cancel ] [ Help

AEEEEEEEEEEEEEEEEEEEEEEEEE

0.122 -

E Flow Coefficient”

Flow Exponent 0.5
Offset Height I
{in. aor mmy)
Drain Advisar

“Units are for flow in either in/hr or
mm/hr; use 0 if there is no drain.
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Recall Definitions from Day 1

Standard Power Law (shown in SWMM User’s Manual) § = C (h — Hp)n

Where: q = Unit Flow Rate (ft/s)
C = Flow Coefficient (in%2/hour)
h = Pressure Head acting on orifice (ft)
Hp = Drain OffsetHeight (ft) (modeled as zero in this example)
n = Power Law Coefficient(n=0.5to act like an orifice)

Unit Flow Rate (by definition) q= Qorifice
NALID
Where: g = Unit Flow Rate (percolation rate through engineered soil) (ft/s)

Qm fice = Volumetric Outflow Rate (ft¥/s)
= Engineered Soil Porosity (n = 0.40)

&un = Surface Area of LID BMP (ft2)

Orifice Equation (by definition) Qorifice = Collo J 29(H — g he)

Where: Qurifice = Volumetric Outflow Rate (ft¥/s)
A, = Orifice Cross-sectional Area (ft2)
g = Gravitation Acceleration, 32.2 ft/s?
H = Height of stored water above Orifice (ft)
h. = Heightto Centroid of Orifice (ft)
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Flow Coefficient Calculation

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-0.5h.” in the Orifice Equation, so they cancel out.

Standard Power Law qg=C(h—Hp)"
Unit Flow Rate g= Qorifice

NALID
Mlm Qﬂ?"ifice — EDAGJZQ(H —%hcj

C.A, .2
]: 070V 2d o 1205 % 3600
B nArip

Flow Coefficient (C) [inﬂj/h

Where: C, = Orifice Coefficient
A, = Orifice Cross-sectional Area (in2)
g = gravitational acceleration (ft/sec?)
n = Engineered Soil Porosity (1=0.40)
A, p = Surface Area of LID BMP (ft2)
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We Made It Easy!

A B C D
1
2 SWMM Model Flow Coefficient Calculation
3
4
Bio-Retention Cell
5 PARAMETER ABBREV. LID BIVIP
& Ponding Depth PD 12 in
7 Bioretention Soil Layer 5 24 in
8 Gravel Layer G 12 in
’ TOTAL 4.0 ft
10 43 in
11
12 Orifice Coefficient C; 0.6
13 | Low Flow Orifice Diameter D 0.625 in
14 Drain exponent n 0.5
15
16
17 Flow Rate {volumetric] Q 0.020 cfs
18
20 A Ac | 2613.6 ft7
Bioretention Surface Area -
21 Ag Ag | 0.0600 ac
22 | Porosity of Bioretention Soil n 0.40
23 Flow Rate (per unit area) g 0.845 in/hr
24
26 Flow Coefficient

M 4 » [ “FDCMit | FlowCoefficient ,(/ ¥

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

Subcatchment LID-A

Infiltration

Grouncdwater

Property “u’alue
Mame LID-A
#-Coordinate 2994, 146
Y-Coardinate 5973.025
Description

Tag

Rain Gage Povweay
Outlet POC-A
Area .06
Width 25

% Slape 0.1

Yo Impere 0
M-Impers 1012
M-Pery 0.15
Dstare-Imperv 0.05
Dstare-Pery 0.1
Yelera-Impery 25
Subarea Routing OUTLET
Percent Routed L0

GREEM_AMPT
MO

Snow Pack

LID Controls 0
Land Uses -EI
Initial Buildup MOME
Curb Length ]

Under “LID Controls,” click the “...” button to define

the LID Controls.

Click the “Add” button to open the “LID Usage

Editor”

LID Controls for Subcatchment LID-A

Contral Mame | LID Type

% of Area

% From Impery | Repaort File

QK ] [ Cancel ] ’ Help

St

LID' cantrals {chck to edit)
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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.

-,

LD Usage Editor

LID Cantral Marme BR-BasinA |v LID Occupies Full Subcatchment

Area of Each Unit {sq ft or sq m) |
[l

Fumber of Lnits L (]
% of Subcatchment Occupied 100.0

Surface Wicth per Unit (ft or m}) :ﬂ

% Initially Saturated L

% of Imperviaus Area Treated 100

Send Drain Flow Ta:

{Leave hlank ta use autlet of current subcatchment)

[] Return all Outflow to Pervious Area

| ok | | cancel | [ Help
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BB SWMM 51

File Edit  Yiew

Progect. Repork

Tools

- ExampleProject_POST-MIT_ScenarioT.inp

Window Help

NEHS 2M20® § Bwes

e (Mbxoas B

CFBEOVOEH—~CBMET

Project | Map | S T R T Subcatchment LID-A B
- Li K a Map
- Title/Motes |Propen}r |V“I“e |
i Options Mame LID-A
- Climatology X-Coordinate 3000.000
= Hydrolag i
i ¥-Coardinate 6000.000
- Rain Gages 5 |
H g v 3
- Subcatchments \‘f Description
-~ Aquifers Tag
R Pack T
i ﬂt.JW ke Dbl A4 DIl 442 Rain Gage Paoway
o Unit Hydrographs m n |
© . LID Contrals i , Outlet POC-A
Hydraulics % : LID-A, Area '0.05
Qualtly . Width P
# Curves . I
. Time Series i % Slope 0.1
: POC-4 |
-~ Time Patterns ¥ 2% Imperv 0
IMap Labels PR -0 o2
TID Controls Tor Subcatchmant UD-R Eq| NPe Lt
Dstare-Impery 0.05
+ = & ¢ 3 B Caontrol MName . LED T}’pe % of Area . % From Impery . Report File Add Dstore-Perv _U-L
Subcatchments | || BR-Basind A Bio-R tention 1000 Yelera-Impery 5
DIA-AL et Subarea Routing OUTLET
DMA-AZ |
i Percent Routed 109
Infiltration GREEM_AMPT
Groundwater -I“-IO
Snow Pack |
LID Contrals 1
R o) [Come ) [m J | L2eom ; -
Initial Buildup NOME
Curb Length .0

LID contrals {click to edit)
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Scenario 1 Summary

Scenario 1: One Restrictor

Type “I” Catch Basin
(Emergency Overflow)

e

Ve = 5,970 ft3

LD = 2,613.6 ft2

Perforated Pipe
Outflow P

e

Low-Flow Restrictor
(® = 5/8-inch)
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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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Example Project — Institutional Living

POST-PROCESSING
POST-PROJECT MITIGATED SCENARIO 1
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Hydromodification

Management Criteria (HMC)

HMP Flow Control Performance Criteria

The following are the peak flow and duration control requirements
per the Final Hydromodification Management Plan, dated March
2011.

Section 6 Hydromodification Management Plan

Low-Impact Development (LID) and extended detention facilities are required to meet peak tlow and
duration controls as tollows:

1. For tlow rates ranging from 10 percent, 30 percent or 50 percent of the pre-project 2-year runotf event
(0.1Q2, 0.3Q2, or 0.5Q7) to the pre-project 10-year runoft event (Qyo), the post-project discharge rates and
durations shall not deviate above the pre-project rates and durations by more than 10 percent over and
more than 10 percent of the length of the flow duration curve. The specific lower flow threshold will
depend on results from the SCCWRP channel screening study and the critical flow calculator.

1o

For flow rates ranging from the lower tlow threshold to Qs, the post-project peak flows shall not exceed
pre-project peak flows. For flow rates from Qs to Qo, post-project peak flows may exceed pre-project
flows by up to 10 percent for a 1-year frequency mterval. For example, post-project flows could exceed
pre-project tlows by up to 10 percent for the interval from Q9 to Q10 or from Q5.5 to Q6.5, but not
from Q8 to Q10.

Storm Water Management Model (SWMM) Training

75




Recall...

Let’s repeat these steps for the Post-project (Mitigated) Condition...

Run Simulation

b

Assess Results

Calculate Flow
Durations

Y

| Generate Peak 1
Flow Statistics

Extract Peak
Flow Statistics

Extractthe |
Runoff Time-

series Hydrograph

Generate the |

Runoff

L/

\
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Run Simulation

[ SWMM 5.1 - ExampleProject_POST-MIT_Scenario.inp

File Edit View Project Report IMDW Help

D= H & B dh2i @

Open the “ExampleProject POST-MIT_Scenario1.inp” file
i Click the “Run a simulation” icon

Auto-Length: Off  ~

Offsets: Depth = Flow Units: CFS = Cf Zoom Level: 100%

-l Post-project
EA | O iy (] [ I N — P& T H'H H
¢msgo.zas Mocoasnd PRovos-couvDT, (Mitigated Scenario 1)
Project [Map. | ++ Study Area Map g@ agm
- Mitle/hiates|
[ Condition
- Climatolagy
- Hydralogy - = -~
#- Hydraulics Paway Run stﬂt s Run stﬂt us
#- Quality
; Curves
- Time Series
Time Patterns DAl DM i@;\. E t i 3
! MapLaht;s . - amputing @ Fun was successful,
i Lm-fal
" Percent Complete: 50% Continuity Error
iR ) (EESEESEEEEEEEE Surface Runoff: -L06 %
Simulated Time: Flow Routing: 0.00%
\Days | 8220 | |
+ - 4 & # 2l
_Tt_t_le_a’N_otes ) )
Pespree et enans | stop | | Minimize |
ik PN

XY -626.204, 9951 464
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Flow Frequency Statistics

Report -> Statistics -> “Statistics Report Selection”
b Input the selections shown below.

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

[ SWMM 5.1 - ExampleProject_POST-MIT_Scenario.inp

{I](=1[<]
File Edit Wiew Project Report Tools Window Help - -,
DEHE K § o e KN R i HE  FHOVSCH-CBMBT \ Statistics Report Selection
Project | Map d Study Area Map .
- Title/Nates ; Ohject Category | Made M
- Options
- Climatalogy
@ Hydrology Gh_lect Mame POC-A E]
#- Hydraulics _—
- Quality .
:' c::,;s Variable Analyzed |Tcuta| Inflow M
- Time Series
. Time Pattemns DhEsA] Dbl . .
 Map Labels - - Event Time Periad | Event-Dependent M
\\‘\ Lm-fal L
n Statistic | Peal M
:FUEVA
v Event Threshaolds
Total Inflow 0.003
- — ! POSt-projeCt Event Volume 1]
L VAL
Title/Motes 4L -
STy (Mitigated Scenario 1) Separation Time T
ast-project (Mitigated Scenario 1
Condition

June 23-26, 2015 Condition

ok | | cance | | Hep |

Auto-length: Off - Offsets:Depth ~  Flow Units: CFS = O Zoom Level: 100% XY -626.204, 9951 464
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Statistics

3} Statistics - Node POC-A Total Inflow M= SWMM’s built-in
! Summar}r| Events | Histogram | Frequency Plot S UI I
SUMMNAERTY STATISTICS
Object .u.iviinensnnns Node POC-A4 the Welbu” PIOttIng
Wariable ............. Total Inflow ([CF3) L
Event Period ......... Wariahle POSItlon
Ewvent Startistic ...... FPeak ([CF3)
Event Threshold ...... Total Inflow > 0.0030 [CFS) @
Event Threszshold ...... Ewvent Wolume > 0.0000 [(£t3)
Event Threshold ...... Feparation Time >= Z4.0 ihrj?_ - ——
Period of Record ..... 10/04/1962 to 05/23/2008 Statistics - Mode POC-A Total Inflow E]@
Number of Events ... .. 574 Summar}r| Events |Histogram Frequency Plot
Event Fregquency®...... 0.05& Event Event Exceedance Return -
Hinimum Value ........ 0.003 Duration Peal Frequency Periad =
Mawimim Walue ........ 1.047 Rank Start Date {haours) (CFS) {percent) {years)
Mean WValue ........... 0.04z2 |
dtd, Deviation ....... 0.092 1 02/13/1980 § 232,10 L.047 0.17 47.00
Skewness Coeff. ...... 6. 066 o :
? 0L/09/1978 17.0 0.536 0.34 23.50
*Fraction of all reporting periods belonging to an ew|| 3 01/28/1980 100.0 0.646 .52 15.67
4 L2/27/197% 106.0 0,559 0.69 LLT5
5 0272871970 67.0 0.559 0.56 9.40
i LL/22/1965 L0 0.516 L3 1.83
. 7 LL/30/2007 59.0 0,503 L21 6,71
POSt-pI'OjeCt 8 a1/03/1995 840 0.485 138 553
(M|t|gated Scenario 1) 9 02/18/2005 157.0 0.443 LS5 5.2
ngn 10 03/05/1995 66,0 0.431 Li2 4.70
Condition o
11 02/26/1953 205.10 0,352 Lag 4.27
12 L2/17/1978 89.0 0.378 2.07 3.92
v
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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”

[ =,

Copy Statistics
CGFI:"' Tﬂ CGFI:"' J:'.,S
® Clipboard Bitmap
Iletafile
ot Data (Text)
[ 0K l ’ Cancel ] ’ Help
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External

Post-processing Spreadsheet

Open “SWMM _PostProcessing.xlsx” A B c b E F
1
Click on the “PostMit-Q” tab and paste Post- » Post-project (Mitigated) Flow Frequency - Long-term
project (Mitigated Scenario 1) Condition 3 Hl _ | .
. . . . . 4 |SWMM Training - Example Project - Post-project (Mitigated Scenario 1) Conditic
statistics in the highlighted cell 5 | statistics - Node POC-A Total Inflow
. “ ” ] Event Event Exceedance  Return
Make adjustments to “Column I” as 7 Duration  Peak  Frequengy  Peried
. 2 | Rank Start Date {hours) [CF5) [percent) [years)
necessary to determine the QZ’ Q5, and Q10 E 1 2/13/1980 232 1.047 0.17 a7
10 2 1/9/1878 77 0.336 0.34 235
values. 11 3 1/28/1980 100 0.648 0.52 15.67
12 4 12/27/1978 108 0.589 0.59 11.75
. vgn . 13 5 2/28/1970 &7 0.559 0.36 9.4
POSt'prOJQCt (Mltlgated Scenario 1) 14 6 11/22/1965 21 0.516 1.03 7.83
15 7 11/30/2007 59 0.503 1.21 5.71
16 E 1/3/1885 2z 0.485 1.38 5.28
17 g 2/18/2005 157 0.443 1.55 5.22
10-year Q: 0.567 cfs 18 0 3/5/1995 E: 0.431 172 47
19 11 2/26/1383 205 0.382 19 427
5-year Q: 0.438 cfs 20 12 12/17/1978 59 0.378 2.07 3.32
21 13 2/27/1978 187 0.369 2.24 3.62
2-year Q: 0.251 cfs 73 14 10/27/2004 55 0.342 241 3.36
23 15 12/3/1966 119 0.321 2.59 3.13
24 18 1/6/1993 113 0.302 176 294
15 17 12/28/2004 104 0.204 293 278
26 18 2/15/1386 52 0.289 31 281
Lower Flow Threshold: 10% 2| 19 | 119 | 6 %275 .28 247
28 0 1/5/1879 &6 0.252 3.45 2.35
29 21 1/14/1978 136 0.252 362 2.24
30 22 12/8/1965 123 0.252 3.79 2.14
0.1xQ2 (Pre): 0.025 cfs 31 23 1/9/1980 115 0.252 397 204
32 24 3/14/1982 135 0.25 414 1.6
33 15 11/29/1982 0.247 131 1.88
M 4 » v [ Disclhimer . Pre- Q,/P‘nstQ | PostMit-Q . FF_Surmm | 4 [uL]
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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” Copy Chart =
POSt-projeCt Copy To Copy As
Time Series Plot Selection 3 (Mitigated Scenario 1) @ Cliphoard @y
[ Condition _ O Metafile
Time Periacls O File (#) Data (Text)
ﬁ Graph - Hode POC-A Total Inflow
Start Date End Date %
10/04/1962 w| | 05/23/2008 v . “ NodePOCAT | ok | | cancel | | Help
lC:}E|a|:|sv:3r:ITirr1v;- (%) Date/Time 1.1
1.0
[Data Series 0.9
QD.B
| # Add || 4 Edit|| = Delete | <+ = 5 07
Node POC-A Total Inflow gos
Z 05
Z 04
0.3
0.2
DA
oK l ’ Cancel ] ’ He|p ] o 1963 1967 1871 1875 1879 1983 1987 1891 18995 1999 2003 2007 2011
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External

Post-processing Spreadsheet

¢ Graph - Node POC-A Total Inflow (=] <
| @ ———————— Node POC-A Total Inflow (CFS) Post-p rOj ect
1.2 g wm =
' (Mitigated Scenario 1)
e Condition
w08
5 0.7
ED.S
5 a7 8 [ c¢ [ o [ e [~
0.3 1|
0.2 " g - .
. » Post-project (Mitigated) Time Series - Long-term
0.0 .LLIJ.llIlu 3
1963 1967 1971 1975 1979 1983 1987 1991 1995 1999 2003 2007 201 4 INCICIE POC--&TDtd 1nflow l:CE:S]
=l Total inflow (CF5)
6 | 10/4/6216:00 0
7 | 10/4/6217:00 0
Click on the “PostMit-TS” taband | § 2020w -
paste Post-project (Mitigated) oA eznn .
o ] 11| 10/4/6221:00 0
Condition runoff hydrograph (time- |12 /522200 0
. . . . 13| 10/4/6223:00 0
series) in the highlighted cell 14| 10/5/620:00 0
15| 10/5/621:00 0
16| 10/5/622:00 0
17| 10/5/623:00 0
18| 10/5/624:00 0
19| 10/5/625:00 0
M4 » PIII ,{r Pre-T5 . Post-15 | PostMit-TS .~ FD Summary . FDC .~ FDMit Summa
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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

i PRE-PROJECT i

| pisclaimer ‘Pre-Q "Post-Q . PostMit-Q .~ FF_Summary . FFC .~ Pre-TS . Post-TS .~ PostMit-TS .~ FD_Summary . FDC .~ FDMit_Summary . FDCMit o~ FlowCoefficient

1

1‘ POST-PROJECT (Mitigated Scenario 1)
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Frequency: Table

Pre-project Qpeak

Post-project - Unmitigated Q

Post-project - Mitigated Q

Return Period (cfs) (cfs) (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

Storm Water Management Model (SWMM) Training

85




Flow Frequency: Curves

Peak Flow Frequency Curves

1.000 +

0.900 +

0.800 -

0.700 -

0.600 -

0.500 +

Peak Flow in cfs

0.400 -

0.300 -

0.200 +—

0.100 +

0 _oo U . + + - . + -
0 1 2 3 4 5 6
Return Period in Years

== Pre-project Qpeak

=/ Post-project Mitigated Qpeak

Passes HMC,
but inefficient
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Flow Duration: Table

A B c D E F G H

I| Low-flow Threshold: | 10%

i 0.1xQ2 {Pre): 0.057 cfs

3 Q10 {Pre): 0.883 cfs

4 Ordinate #: 100

5 Incremental Q {Pre): 0.00826 cfs

6 Total Hourly Data:hours The proposed BMP:

7

Interval Pre-project Flow| Pre-project Fre-proiect.% Post-project I?ost—proiect.% Percentage Pass/Fail

- (cfs) Hours Time Exceeding Hours Time Exceeding

9 0 0.057 801 2.00E-03 125 3.12E-04 16% Pass
10 1 0.065 743 1.86E-03 123 3.07E-04 17% Pass
11 2 0.073 680 1.70E-03 120 3.00E-04 18% Pass
12 3 0.082 627 1.57E-03 114 2.85E-04 18% Pass
13 4 0.090 577 1.44E-03 109 2.72E-04 19% Pass
14 3 0.098 324 1.31E-03 101 2.52E-04 19% Pass
15 ] 0.107 432 1.23E-03 100 2.50E-04 20% Pass
16 7 0.115 466 1.16E-03 95 2.37E-04 20% Pass
17 g 0.123 437 1.09e-03 73 1.87E-04 17% Pass
18 9 0.131 417 1.04E-03 66 1.65E-04 16% Pass
39 30 0.800 7 1.75E-05 2 5.00E-06 29% Pass
100 31 0.809 6 1.50E-05 2 5.00E-06 33% Pass
101 32 0.817 6 1.50E-05 2 5.00E-06 33% Dass
102 33 0.825 6 1.50E-05 2 5.00E-06 33% Dass
103 94 0.833 1 1.50E-05 2 5.00E-06 33% Pass
104 95 0.842 5 1.25E-05 1 2.50E-06 20% Pass
105 96 0.850 5 1.25E-05 1 2.50E-06 20% Pass
106 97 0.858 5 1.25E-05 1 2.50E-06 20% Pass
107 98 0.366 5 1.25E-05 1 2.50E-06 20% Pass
108 99 0.875 5 1.25E-05 1 2.50E-06 20% Pass
109 100 0.883 3 7.50E-06 1 2.50E-06 33% Pass
110

M 4 » M[ 7 PostMit-Q . FF_Sumnmary . FFC /Pre-T5 ./ Post-T5 . PostMi=T5 . FD_Summary . FDC | FDMit_Summary S |7
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Frequency: Curves

Flow Duration Curve
[Pre vs. Post (Mitigated)]

1.000
0.900
0.800
0.700 -

0.600

Flow (cfs)

0.500 -

0.400

0.300

0.200

0.100

0.000

—0—Pre-project Q
—&— Post-project (Mitigated) Q

1.0E-06 1.0E-05 1.0E-04

% Time Exceeding

Passes HMC,

1.0E-02

but inefficient
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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 0.1xQ, to Q.

Peak Flow Frequency Curves

Flow Duration Curve
[Pre vs. Post (Mitigated)]

JJJJJJJJJJJJJ

o 0600 £ osw
£ H -
Eosoo o = os00 —o—Pre-project
= —t— Post-project [Mitigated) Q
z
. 0400 == Pre-project (peak
=fr=Post-project Mitigated Qpeak

0.300 0.300

0.200 0.200

0100 +§ 0.100

0.000 A 0.000

0 1 2 3 4 5 1] T 8 9 10 1.0E-06 1.0€-05 1.0€-04 1.0E-03 1.0€-02
Return Peried in Years
% Time Exceeding
. . .
Decrease in Peak Flow Frequency Decrease in Flow Durations

| Passes the HMP Flow Control Performance Standards
I
l .. 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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Example Project — Institutional Living

POST-PROJECT (MITIGATED)
MODEL SETUP FOR SCENARIO 2
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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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Drainage Management Area “A”

SWMM TRAINING

EXAMPLE PROJECT - NEW DEVELOPMENT (DMA A)

EXHIBIT 2 (SHEET 2 OF 2)

EXAMPLE PROJECT

BASIC INPUT DATA FOR DMA ‘A’

O PRE-PROJECT SLOPE:s 3.0% (AVE.)

DMA-A3 (UNMIT.) /
LID-A (MIT. SCENARIO 1

0.06 AC.
= 2613.6 SF

|LID-A (MIT. SCENARIO 2)

= 1533 SF
(BOTTOM OF
BIOFILTRATION BMP)

0O PRE PROJECT COVER: PERVIOUS

O POST-PROJECT SURFACE: SEE EXHIBIT

O POST-PROJECT SLOPE / % IMPERVIQUS
- DMA-A1: 1% SLOPE / 73% IMPERV.
- DMA-A2: 50% SLOPE / 0% IMPERV.
- DMA-A3: 0.1% SLOPE / 0% IMPERV,

EXAMPLE PROBLEM

MITIGATED SCENARIO 1:

DESIGN BIOF ILTRATION BMP

WITH A LOW-FLOW ORIFICE.
ANSWER: LID AREA F

LOW-FLOW ORIFICE _1 - IN

MITIGATED SCENARIQ 2 (OPTIONAL):

DESIGN BIOFILTRATION BMP
WITH A LOW-FLOW ORIFICE
AND A MID-FLOW ORIFICE.

————

3 pum—— 5620 FRIARS ROAD
R | C K ESiEXee1N
619.291.0707
ENOINEERING COMPANY  (FAX)619.291.4165

(E) 2018 Rick Engineering Compary

L
|
® ?
|

40 20 0 40 BO

GRAPHIC SCALE 1'= 40°

ANSWER: LD AREA FT2
MID-ORIFICE 1 - ___IN
LOW-FLOW ORIFICE 1 - ___IN
LEGEND
DRAINAGE MANAGEMENT AREA (DMA) (OVERALL)
—— —— - DMA (INDIVIDUAL)
[  IMPERVIOUS SURFACE

DMA ACREAGE

LOCATION OF PROPOSED BIOFILTRATION BMP (MIT.}

JUNE 2015
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Scenario 2 Working Solution

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 & Q,,, Conveyance

Type “I” Grated Catch Basin (per SDRSD D-29)
with Mid-Flow Restrictor (O = 1 1/2-inch (or 1.5-inches))
set 3-inches above the bottom of the basin (V\yq ;oq @ = 1-inch ponding )

12-inch Surface Ponding Depth

24-inch Engineered Soil (n=40%)

12-inch Gravel Layer (n=40% or e=0.67)

4-inch Perforated Pipe with Low-Flow Restrictor (® = 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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Outlet Works

Scenario 1 vs. Scenario 2

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

Scenario 2: Two Restrictors

Scenario 1: One Restrictor

Type “I” Catch Basin

Type “I” Catch Basin
(Emergency Overflow)

(Emergency Overflow)

Ve = 3,980 ft3 2\
Ve = 5,970 ft3

SZ

A p=1,533 ft2\>
A p=2,613.6ft? Mid-Flow Restrictor
(® = 1 1/2-inch)

FL at 3-inches ponding

Perforated Pipe

Low-Flow Restrictor
(® = 3/4-inch)

Perforated Pipe Outflow

Low-Flow Restrictor
(® = 5/8-inch)

Outflow
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Modeling “High Flows”

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

Type “I” Catch Basin
(Emergency Overflow)

N\

Vie = 3,980 ft3

AL'D = 1,533 ftzx ——————

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

Perforated Pipe

Low-Flow Restrictor
(® = 3/4-inch)

Outflow

| € MODEL THIS RANGE

Top of the Basin (h=1.75-feet)

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

Scenario 1 vs. Scenario 2

Scenario 1 Working Solution Scenario 2 Working Solution
| 1. Low-Flow Restrictor 1. Low-Flow Restrictor
 ® = 5/8-inch (or 0.625-inches) @ = 3/4-inch (or 0.75-inches)

2. Mid-Flow Restrictor
« ®=11/2-inch (or 1.5-inches)
3. Type “I” Grated Catch Basin

Poway Poway

DA Al Dhias A2
.o\mm .nmm .\\ ,‘.
o S UDA
. -LID-A n
:Foc-A . o1
v New Objects

c 2 N_odes NDER.ORAN St
e 3Links MID-F LOWY
« 2 Curves EUC-A
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New Objects ,I*:PC-A

Additional SWMM Elements

Scenario 2 Working Solution

1. Low-Flow Restrictor
*  ® = 3/4-inch (or 0.75-inches)

2. Mid-Flow Restrictor
«  ®=11/2-inch (or 1.5-inches)
3. Type “I” Grated Catch Basin

Poway

1 Nodes
1 Links

Scenario 2 Working Solution
1. Low-Flow Restrictor

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

«  ®=11/2-inch (or 1.5-inches)
3. Type “I” Grated Catch Basin

Poway

DA Al DA A2

. o

New Objects
* 1 Nodes

o 2 Links

« 2 Curves
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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.

r =
B SWMM 5.1 - ExampleProject_POST-MIT_Scenario2.inp =Jogd
File Edit Wiew Project Report Tools Window Help

NEHS BAN® § By 2 0 B8 K Roa H5& FHEOVORH - FOMET }
Project i.Map

2 étudy Area Map

a2 - = |
I Title/MNates I E Titlemﬂtes Editﬂr
Climatalagy tsmm Trainihg - Example Project - Post-project (Mitigated 3Fcenaric 2) Condition
- Hydralogy June Z3-26, 2015
#- Hydraulics n 5
- Quality e
w Curves
Time Series
Time Patterns DAl DM
Map Labels .\\ ,!
\‘\ LID-AI
.
IFEII}A
¥

Use title line as header for printing

QK ] [ Cancel

k 4 # 2
Title/
| SWMIM Training - Example Project -

Past-project (Mitigated Scenario 2)
Condition

Note:
June 23-24, 2015 —_—

In general, continuous simulation modeling is an iterative

process; therefore, only one (of many) working solution is
Zoom Level: 100%  X¥: -48.170, 9042107 discussed in detail in the fO"OWing slides.

Auto-length: Off - Offsets:Depth ~  Flow Units: CFS = O
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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...

[ SWMM 5.1 - ExampleProject_POST-MIT_Scenario2.inp

“D|V1” -> “D|V” File Edit Wiew Project Report Tools ‘Window Help
DS M@ § By
“STOR1” - > “StorHMP” Project [Map

> ge (Mo Hé  FHO <>|z| COME T \

-. 2 'Study .l.u.rea Map

@ ”» - Title/Motes
Now, connect “LID-A s
) o Climatalogy
“D IV 1h) L‘! Hy(lrolog)'
to . .~ Rain Gages Pouay
¢ i Subcatchments
: Aquifers
Snow Packs B DMAA?
i i Unit Hydrographs l
¢ . LID Contrals \\ ’
- Hydraulics ST
[ : %
Subcatchment LID-A =l & Quality E‘
- Curves
Prapel Value - Time Series ;
P rt'_," Time Patterns on
FMame LID-& - Map Labels
K-Coordinate 3000.000 StorkMe
[
Y-Coardinate 4000.000
+ - A w8
Description Subcatchments
DMA-AL 5
Tag DhA-A2
LID-A
Rain Gage Poway
Outlet DI
Area 0.04 Auto-Length: Off =  Offsets:Depth ~  Flow Units: CFS ~ £ Zoom Level: 100% | XY:5154.143, 113,680
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Add Conduit Links

Low Flows
(Low-Flow Restrictor)

High Flows
(Mid-Flow Restrictor and
Emergency Overflow)

Add two (2) “Conduit” Links to split
| the flows. Click the upstream Node

first, then click the downstream Conduit UNDER-DRAIN Conduit BYPASS =
Prape Value Prape; Value
Node. ey | ey | _
Name |:UNDER-DRAIN | Mame s BvPAsy -
. 7] ] C 3
Rename links as “BYPASS” and Inlet Nade DIV Inlet Node DIV
“UNDERDRAIN” Outlet Nade POC-A Outlet Made StarHIMP
FE SWMM 5.1 - ExampleProject_POST-MIT_Scenario2.inp Description Description
File Edit Wiew Project Report Tools Window Help
DS R#N® g BnTEL 5 N moa s K Tag Tag
CFBOVOH - PFPRME T Shape CIRCULAR Shape DURARY
Praject |} ap |
JTiHJ.__:LfH | [— Max. Depth 033 Max. Depth 0
Q tl.ons F
5 Cﬁmto‘ogy Length L0 Length 400
Lj :ﬁ:::::i’: o Roughness 0013 Raughness 0.01
g Inlet Offset 0 Inlet Offset 0
i Conduits
! pump;‘ = g ;Mm Outlet Offset I Outlet Offset il
! Orifices -
: Weirs By ik Initial Flow I Initial Flow 0
H Outlets n
. Transects : Flasimum Flow 1] Maximum Flow i
.. Contrals :
® Quality -~ Entry Loss Coeff., 0 Entry Loss Coeff, a
#- Curves
s e eries i . Exit Loss Coeff, 0 Exit Loss Coeff, a
- Time Patterns ™ ) storHhiP
T |U"DER'DRN"' Avg. Loss Coeff, 0 Avg. Loss Coeff, ]
Canduits
W,,A; Seepage Loss Rate 0 Seepage Loss Rate 0
P .o Flap Gate N Flap Gate NGO
Culvert Cade Culvert Code
3| I User-assigned name of Conduit User-assigned name of Conduit
Auto-length: Off - Offsets:Depth ~  Flow Units: CFS = O Zoom Level: 100% XY 8410.405, 9807.322
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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 Q
%4-inch orifice.

cutoff fOF a

Edit the Divider Properties as shown.

Divider DIY

Praperty Value
Mame DN
X-Coordinate lBUUU.ﬂﬂﬂ
Y-Caoordinate 5000.000
Description
Tag
Inflows MO
Treatment O
Invert El. 0

Mazx. Depth 0
Initial Depth ]
Surcharge Depth 0
Ponded Area 0
Diverted Link BYPASS
Type CUTOFF
Cutoff Divicler

Cutoff Flow 0.0265

Tabular Divicler
Curve Mame

Weir Divicer
Fin. Flow
Max Depth

Coefficient

]
]
]

User-assigned name of divider
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Add Outlet Link

(“POC-A”") using an “Outlet” Link.
Rename the “Outlet” Link to “MID-FLOW.”

{5l SWMM 5.1 - ExampleProject_POST-MIT_Scenario2.inp

Connect the “Storage Unit” Node (“StorHMP”) to the “Outfall” Node

File Edit Yiew Project Report Tools ‘Window Help

Dz EE =2aMI® § BNy E D %f@hﬂ@@'iﬁé,f@ﬁovOEIHG‘@M&T
Project | Map | .. Study Area Map
- Title/Motes
- Options
. Climatology
E! Hydralagy
= H ilics Poway
&
O 241 DM A2
: " N
i T UDA
! n
- Transect: :
" Contral 3
- Quality DIy
h Curves
Time Seri
Time Patterns BrRAes
; StorHMP
- Map Labels UNDER-DRAIN
= &4 & o 8] MID-FLOW
Outlets
MID-FLOW

POC-A
P

Auto-Length: Off ~ | Offsets: Depth = Flow Units: CFS

o | Zoom Level: 100% K¥: 6445.087, 9865.125
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Edit LID

LID Control Editor

Control

Contral Name: BR-Basin|

LID Type: | Bio-Retention Cell i\d

Surface

Surface !-Soil ,EIStorage_' Drain |

= Berm Height 15.18 .
' (ln.ormm:l a
"spsssEEEsiEEEEEEEEEEEEEnnn’

Vegetation Volume |
Fraction

Surface Roughness i

LID Control Editor

{Mannings n)
soil Surface Slope i
Storage b—- {percent}
J_| Dirain®
“Optional
QK ] [ Cancel ] [ Help
LID Control Editor
Control Mame: | BR-BasinA | Surface | Sail | Storage | Drain |
LID Type: | Bio-Retention Cell i\j Ihidme” ) 1
. or i
Void Ratio 10,67
) e (Voids / Solids) ;
& Y 4o \ Seepage Rate n
L B | Belk {in/hr or mm/hr)
Soil T
= Clogging Factor 1
Storage e '
J_| Drain®
“Optional
[ Ok l [ Cancel l [ Help l

Contral Name; | BR-BasinA | Surfa.cei Sail !.Storage_' Drain |
Thickness
LID Type: Bio-Retention Cell iﬂ firezormrg) 1
Parasity 0.4
{volume fraction) ’
/ Surfal:e_ Field Capacity 0.2
| {valume fraction) !
S0il Wilting Paint 0L
—— {volume fraction) :
Storage —
i it Conductivity '5'
J | {in/hr or mim/hr)
Conductiity 5
Slape
fEnnoal Suction Head L5
{in. or mm) '
Ok ] [ Cancel ] [ Help
LID Control Editor
Control Name: BR-Basin4| | Surface ;i.SoiI ,E-Storage| Drain |_
LID Type: | Bio-Retention Cell iﬂ Flow Coefficient” 0.2092
Flow Exponent 0.5
—. Surface
{ - Offset Height 0
- {in. aor mmy)
el Drain Advisar
Storage —
J_| Drain®
“Units are for flow in either in/hr ar
“Optional mim/hr; use 0 if there is no drain,

Ok ] [ Cancel ] [ Help
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Actual vs. Modelled

Storage Volume

Constructed Basin Our Calculations Modeled by SWMM

PD PD] \ =7 PD {

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 (PD_) 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.
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Update LID Usage Editor

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.”

LD Usage Editor

LID' Contral Mame BR-BasinA |v| [ LID Qceupies Full Subcatchment

Area of Each Unit {sq ft or sg m)

Fumber of Units

% of Subcatchment Occupied 38.7
Surface Wid') I Controls for Subcatchment Lw
%o Initially S

Contral Mame | LID Tvpe % of Area % From Impers | Repaort File
%o of Impen

ER-BasinA Bio-Retention  58.7 1o

-

Send Drain
{Leave hlan
[JReturn a

E ok | | cancel | | Help |
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Storage and Release of the

“High Flows”

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

Type “I” Catch Basin

(Emergency Overflow)
Vyue = 3,980 ft3
HMP \

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

Perforated Pipe

Low-Flow Restrictor
(® = 3/4-inch)

Outflow

| € MODEL THIS RANGE

Top of the Basin (h=1.75-feet)

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

= =

Storage Curve Editor

ESWMM 5.1 - ExampleProject_POST-MIT_Scenario2.inp

Fle Edit WYiew Project Report Tools  Window Help Curve MName

CDEEHE BR2#Mi@® F By
Projectg'Map

Title/Motes
Options
Climatalagy

StorageCurve

Study Area Map

Description

w Hydrology
1+ Hydraulics
- Quality

=- Curves

Poway

View...

- Control Curves
Dl 41 Dt 42

o

Diversion Curves Load...
Pump Curves —
Rating Curves
Shape Curves

Starage Curves

s, LiD-A

Save..

Tidal Curves

Time Series o

Time Patterns

Map Labels
BYRASE

QK

R WD-F LOWY
Starage Curves

StorageCurve

Cancel

1L M Help

POC-A
v 10

Auto-Length: Off =~  Offsets: Depth = Flow Units: CFS = E:? Zoom Level: 100% XY 780,347, 9710983

—
[y

Storage Unit StorHMP &
Property Value
Mame StorHMP
K-Coordinate 5423.502
-Coordinate 3526.012
Description
Tag
Inflows MO
Treatment MO
Invert EL ]
Max. Depth 175
Initial Depth -li]
Ponded Area ]
Evap. Factor ]
Seepage Loss MO
Storage Curve TABULAR
Functional Curve
Coefficient La00
Expanent 0
Constant ]

Tabular Curve

Curve Name

StorageCurve

Maximum depth of the storage unit (ft)
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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.”

Outlet MID-FLOW

B SWMM 5.1 - ExamplePraject_POST-MIT_Scenario2.inp

File Edit Wiew Project Report Tools Window Help

DEEHE B2#AM@ § By

= L =Y

Project i.Map

Title/MNotes
Options
Climatalogy
- Hydralogy
#- Hydraulics
- Quality
= Curves
- Control Curves
Diversion Curves
- Pump Curves
- Rating Curves
Shape Curves
Starage Curves
Tidal Curves
Time Series
Tume Patterns
Map Labels

+ = & ¢+ 3 8
Rating Curves

RatingCurve

2 étudy Area Map

Poway
e OMA A2
. LDA
o
BYPAST
UNDER-DRAIN|
MID-F Ly
POC-A
£

Auto-Length: Off  ~

Offsets: Depth -

Flow Units; CFS = =

Zoom Level: 100%

XY -270.363, 1791908

either depth or head (after specifing a curve, you

can double-click to edit it)

Rating Curve Editor Property Value
Mame MID-FLOW
Curve Mame
RatingCurve Inlet Made StarHMP
Description Cutlet Made POC-A
L5-inch Mid-Flow Orifice and Type "T" Catch Basin Description
Head Outflaw ||| View... Tag
(ft) (CFS) B ;]
1 0.000 0,000 Inlet Offset ]
Load...

2 | 0033 0.004 Flap Gate MO

3 0.1a7 0.019 : ;
5 0.250 0.026 Save... Rating Curve TABULAR/DEPTH
g 01,333 0.031 Functional Curve

b | 0417 0.035 Coefficient 10.0

1 0.500 0.039

3 | 0583 0.043 Exponent 3

9 0.667 0.046 Cancel Tabular Curve

10| 0.750 0.049 Curve Name RatingCurve
1L | 0.833 0,718 M' .

Mame of rating curve that relates outflow to
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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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Example Project — Institutional Living

POST-PROCESSING
POST-PROJECT MITIGATED SCENARIO 2
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Hydromodification

Management Criteria (HMC)

HMP Flow Control Performance Criteria

The following are the peak flow and duration control requirements
per the Final Hydromodification Management Plan, dated March
2011.

Section 6 Hydromodification Management Plan

Low-Impact Development (LID) and extended detention facilities are required to meet peak tlow and
duration controls as tollows:

1. For tlow rates ranging from 10 percent, 30 percent or 50 percent of the pre-project 2-year runotf event
(0.1Q2, 0.3Q2, or 0.5Q7) to the pre-project 10-year runoft event (Qyo), the post-project discharge rates and
durations shall not deviate above the pre-project rates and durations by more than 10 percent over and
more than 10 percent of the length of the flow duration curve. The specific lower flow threshold will
depend on results from the SCCWRP channel screening study and the critical flow calculator.

1o

For flow rates ranging from the lower tlow threshold to Qs, the post-project peak flows shall not exceed
pre-project peak flows. For flow rates from Qs to Qo, post-project peak flows may exceed pre-project
flows by up to 10 percent for a 1-year frequency mterval. For example, post-project flows could exceed
pre-project tlows by up to 10 percent for the interval from Q9 to Q10 or from Q5.5 to Q6.5, but not
from Q8 to Q10.
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Recall...

Let’s repeat these steps for the Post-project (Mitigated) Condition...

Run Simulation

b

Assess Results

Calculate Flow
Durations

Y

| Generate Peak 1
Flow Statistics

Extract Peak
Flow Statistics

Extractthe |
Runoff Time-

series Hydrograph

Generate the |

Runoff

L/

\
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Run Simulation

[ SWMM 5.1 - ExampleProject_POST-MIT_Scenario.inp

File Edit View Project Report IMDW Help

D= H & B dh2i @

Open the “ExampleProject POST-MIT_Scenario2.inp” file
i Click the “Run a simulation” icon

Auto-Length: Off  ~

Offsets: Depth = Flow Units: CFS = Cf Zoom Level: 100%

-l Post-project
B e 3 : [ ) I N —~ O & T H H
¢msgo.zas Mocoasnd PRovos-couvDT, (Mitigated Scenario 2)
Project [Map. | -+ Study Area Map g@ ngm
- Mitle/hiates|
- Condition
- Climatalogy
& Hydrolagy P =1 P
2 Tl Pouay Run Status Run Status
#- Quality
; Curves
- Time Series
Time Patterns LhieR] Ll by @A‘ 1 3
i MapLaht;s . . S LTI o @ Run was successful.
* Lm-fal
i Percent Complete: 59% Continuity Error
FIER ) T Surface Runoff: -1.40 %
Simulated Time: Flow Routing: -0.37%
Days | 9900 | |
+ - 4 & # 2l
_Tt_t_le_a’N_otes ) )
| e proe Mg s | stop | | Minimize |
Candition
June 2t3-26_. 2015

XY -626.204, 9951 464
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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

[ SWMM 5.1 - ExampleProject_POST-MIT Scenario2 inp (M=)
File Edit Wiew Project Report Tools Window Help - -,
DEHE BAaNe § o e KN R i HE  FHOVSCH-CBMBT \ Statistics Report Selection

Project i.Map | e

1 Rating Curves

] Shape Curves

P
™ Study .l.urea.;v\ap . i
- Tle/Nates Object Category | Made M
i Options
- Climatalogy
@ :Y‘:“"TSY Object Name POC-A (+)
#- Hydraulics Pouay
- Quality c
,le c::vles Variable Analyzed | Total Inflaw M
J oo PO
- H Event Time Periad | Event-Dependent M
Purmp Curves . .
£ o Post-project
]

| oo ' (Mitigated Scenario 2) statistic Pl

. Time Series o

L] -

Condition Event Thesholds

. Map Label

e vpass Total Inflow 0.003
StorHMP
UNDER-DRAIM bt

T S— T Event Valume 0
Rating Curves

RatingCurve G Separation Time E-Il

ok | | cance | | Hep |

Auto-length: Off - Offsets:Depth ~  Flow Units: CFS = O Zoom Level: 100% XY -270.363, 1791908
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Statistics

- =
3 Statistics - Node POC-A Total Inflow M= SWMM’s built-in
! Summar_',' Events | Histogram | Frequency Plot
STMMALERET S TATISTICS
Chiject ... iuininans Node POC-4 the Welbu” PIOttIng
Wariahle ............. Total Inflow (CF3) "
Event Period ......... Variahle POSItlon
Ewent Statistic ...... Peak [(CF3)
Ewent Threshold ...... Total Inflow > 0.0030 (CF3) @
Ewent Threshold ...... Ewvent Volume > 0.0000 [(££3)
Ewent Threshold ...... Separation Time == z4.0 (hr) —
Period of Record ..... 10/04/1962 to 05/23/2008 3 Statistics - Mode POC-A Total Inflow M=
Number of Events ..... 752 Summary | Events |Histngram Frequency Plot
E?Er_m Frequency®...... 0.040 Event Event Exceedance Return -~
E;{liﬂﬁ i:iﬁ: """" ng: Duration Peal Frequency Periad =
Mean Value ..o 0. 063 Ranlk Start Date {hours) {CFS) (percent) {years)
Atd. Dewiation ....... o.139 1 02/13/1980 § 2024 1.002 0.13 47.04
Skewyness Coeff. ...... 3.900 ;
2 0372171953 940 0.950 0.26 23.50
*Fraction of all reporting periods belonging to an ewent 3 0L/09,1978 8.0 0.880 .39 15.57
4 03/17/1952 53.0 0.828 0.52 LL.75
5 01/24/1995 GL.0 0.516 0.66 9,40
i LL/12/1976 17.0 0.752 0.79 1.83
7 02/28/1970 52.0 0.750 0.92 6,71
POSt-pI'OjeCt 8 02/06/1998 79.0 0.739 L0 5.85
(M|t|gated Scenar'o 2) 0 012/03/1998 47.0 0.733 118 5.22
Condition 10 L2/17/197% L0 0.730 L3l 470
11 1272872004 45.0 0.716 144 4.27
12 02/14/199% 410 0.G56 L.57 3.492
12 12971078 270 0675 1 70 250 M
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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”

[ =,

Copy Statistics
CGFI:"' Tﬂ CGFI:"' J:'.,S
® Clipboard Bitmap
Iletafile
ot Data (Text)
[ 0K l ’ Cancel ] ’ Help
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External

Post-processing Spreadsheet

Open “SWMM _PostProcessing.xlsx” A B c b E F
1
Click on the “PostMit-Q” tab and paste Post- » Post-project (Mitigated) Flow Frequency - Long-term
project (Mitigated Scenario 2) Condition 3 i _ | I
. . . . . 4 |SWMM Training - Example Project - Post-project (Mitigated Scenario 2) Conditic
statistics in the highlighted cell 5 | statistics - Node POC-A Total Inflow
. “ ” ] Event Event Exceedance  Return
Make adjustments to “Column I” as 7 Duration  Pesk  Frequency  Period
. B Rank Start Date {hours) [CF5) [percent) [years)
necessary to determine the QZ’ Q5, and Q10 El 1 2/13/1980 202 1.002 0.13 a7
10 2 3/21/1383 g4 0.32 0.26 235
values. 11 3 1/9/1978 48 0.88 0.39 15.67
12 4 3/17/1882 53 D228 0.52 11.75
. cen . 13 5 1/24/1995 61 D.816 0.56 9.4
POSt'prOJQCt (Mltlgated Scenario 2) 14 6 11/12/1976 17 0.782 0.79 7.83
15 7 2/28/1970 52 0.75 0.92 671
16 B 2/5/ 1998 79 0.739 1.05 5.88
17 g 2/3/1998 a7 0.733 1.18 5.22
10-year Q: 0.819 cfs 18 0 12/17/1978 71 0.73 131 47
19 11 12/28/2004 a5 0.716 1.44 437
5-year Q: 0.732 cfs 20 12 2/14/1998 41 0.655 157 3.82
71 13 12/27/1978 87 0.625 17 3.62
2-year Q: 0.532 cfs 22 14 2/26/1983 155 0.625 1.83 3.3
23 15 11/29,/1982 37 0.621 1.97 3.13
24 16 1/27/1980 B0 0.618 2.1 2.94
25 17 1/5/1878 37 0.617 2.23 275
26 18 2/5/1983 77 0.617 2.36 2.61
Lower Flow Threshold: 10% 27 19 1/4/1574 = 0.552 248 247
8 20 1/7/2005 116 0.579 2.62 2.35
29 21 2/7/1903 59 0.571 2.75 224
30 22 12/4/1874 20 0.558 2.28 2.14
0.1xQ2 (Pre): 0.053 cfs 31 23 3/15/1963 50 0.538 3.01 2.04
32 24 4/18/1595 25 0525 3.15 1.85
33 25 11/21/1986 3g 0.507 3.28 1.88
M 4 r M| “Post-Q0 | PostMit-Q . FF_Summary . FFC . Pre-TS . Post-TS
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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” Copy Chart =
POSt-projeCt Copy To Copy As
Time Series Plot Selection 3 (Mitigated Scenario 2) @ Cliphoard @y
| Condition i Sl
Time Periads rﬁ Graph - Hode POC-A Total Inflow OLEHI
Start Date End Date a
10/04/1962 w | | 05/23/2008 w y —— Node POC-A Tot I oK l ’ Cancel ] ’ Help
() Elapsed Time (%) Date/Time 11
1.0
Data Series 0.9
o0.8
| # Add || 4 Edit|| = Delete | <+ = 5 a7
Mocle POC-A Total Inflow é e
= 05
Z o4
0.3
02
01
oK l ’ Cancel ] ’ Help ] o 1963 1967 1871 1975 1978 1983 1987 1891 1985 1999 2003 2007 2011
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External

Post-processing Spreadsheet

"B Graph - Node POC-A Total Inflow mEx]

@

0.8

— 0.4

Mode POC-A Total Inflow (CFS)

Post-project
(Mitigated Scenario 2)
Condition

| A | : e [T [ & [ %
1.
» Post-project (Mitigated) Time Series - Long-term
3

1863 1867 1971 1975 1979 1983 15887 1991 1895 1899 2003 2007 201

4 |node POC-A Totd Inflow (CFS)

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

el Total inflow (CF5)
b | 10/4/62 16:00 o

Bl 10/4/62 17:00

8

9

0

| 10/4/62 18:00 0

| 10/4/62 19:00 0
10| 10/4/62 20:00 0
11| 10/4/6221:00 0
12| 10/4/62 22:00 0
13| 10/4/6223:00 0
14| 10/5/620:00 0
15| 10/5/621:00 0
16| 10/5/62 2:00 0
17| 10/5/623:00 0
18| 10/5/62 4:00 0
19| 10/5/625:00 0

4 4 » M| <PreTS . Post-T5 | PostMit-TS . FD_Summary .~ FDC .~ FDMit_Summa
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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

i PRE-PROJECT i

| pisclaimer ‘Pre-Q "Post-Q . PostMit-Q .~ FF_Summary . FFC .~ Pre-TS . Post-TS .~ PostMit-TS .~ FD_Summary . FDC .~ FDMit_Summary . FDCMit o~ FlowCoefficient

1‘ 1‘ POST-PROJECT (Mitigated Scenario 2)
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Frequency: Table

Pre-project Qpeak

Post-project - Unmitigated Q

Post-project - Mitigated Q

Return Period (cfs) (cfs) (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
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Flow Frequency: Curves

Peak Flow Frequency Curves

1.000 -

0.900 -

0.800 ——

0.700 ~+—

0.600 -

0.500 -+

Peak Flow in cfs

0.400 -

0.300 -+

0.200 -

0.100 -

0 1 2 3 4 5 6
Return Period in Years

== Pre-project Qpeak

== Post-project Mitigated Qpeak

Passes HMC;
very efficient!
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Flow Duration: Table

A B C D E F G H

I\ Low-flow Threshold: | 10%

A 0.1xQ2 (Pre): 0.057 cfs

3 Q10 {Pre): 0.883 cfs

4 Ordinate #: 100

5 Incremental Q (Pre): 0.00826 cfs

[ Total Hourly Data:hours The proposed BMP:

7

Interval Pre-project Flow| Pre-project !Jre-proiect.% Post-project I?ost-proiect.% Percentage pass/Fail

: (cfs) Hours Time Exceeding Hours Time Exceeding

9 0 0.057 801 2.00E-03 326 8.13E-04 41% Pass
10 1 0.065 743 1.86E-03 318 7.95E-04 43% Pass
11 2 0.073 680 1.70E-03 296 7.40E-04 A4% Pass
12 3 0.082 627 1.57E-03 278 6.90E-04 A4% Pass
13 4 0.090 577 1.44E-03 262 6.535E-04 45% Pass
14 ] 0.098 524 1.21E-03 246 6.15E-04 A7% Pass
15 2 0.107 432 1.23E-03 218 5.45E-04 A4% Pass
16 7 0.115 466 1.16E-03 201 5.02E-04 43% Pass
17 g 0.123 437 1.09E-03 187 4.67E-04 43% Pass
18 9 0.131 417 1.04E-03 180 4.50E-04 43% Pass
99 90 0.800 7 1.75E-05 i 5 1.25E-05 71% Pass
100 91 0.809 6 1.50E-05 5 1.25E-05 83% Pass
101 92 0.817 6 1.50E-05 4 1.00E-05 67% Pass
102 93 0.825 6 1.50E-05 4 1.00E-05 67% Pass
103 94 0.833 ] 1.50E-05 3 7.50E-06 50% Pass
104 95 0.842 5 1.25E-05 3 7.50E-06 60% Pass
105 96 0.850 5 1.25E-05 3 7.50E-06 60% Pass
106 97 0.858 ] 1.25E-05 3 7.50E-06 60% Pass
107 98 0.866 ] 1.25E-05 3 7.50E-06 60% Pass
108 93 0.875 ] 1.25E-05 3 7.50E-06 60% Pass
109 100 0.883 3 7.50E-06 2 5.00E-06 67% Pass

4 4 » v[ “Post-TS . PostMit-TS ,~ FD_Summary .~ FDC | FDMit_Summary . FDCMit .~ FlowCoefficient . %J < Il |
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Flow Frequency: Curves

1.000

0.900

0.800

0.700

0.600

Flow (cfs)

0.500

0.400

0.300

0.200

0.100

0.000 ¢
1.0E-06

Flow Duration Curve
[Pre vs. Post (Mitigated)]

1.0E-05 1.0E-04

% Time Exceeding

Passes HMC;

—O—Pre-project Q

—#— Post-project (Mitigated) Q

1.0E-0!

1.0E-02

very efficient
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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 0.1xQ, to Q.

0.300

Peak Flow Frequency Curves

o200 — B

0.100

0.000 £

2 3 4 5 B 7 B
Return Period in Years

Flow (cfs)

::::

0.200

0.100

0.000

1.0£-06
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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

Pre-project Qpeak

Post-project - Unmitigated Q

Post-project - Mitigated Q

Post-project - Mitigated Q

Return Period (cfs) (cfs) Scenario 1 Scenario 2

(cfs) (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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Flow Frequency Curves

Peak Flow Frequency Curves Comparison
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Flow Duration Curves

1.000

0.900

0.800

0.700

0.600

Flow (cfs)

0.500

0.400

0.300

0.200

0.100

0.000
1.0E-06

1.0E-05

Flow Duration Curves Comparison

—O—Pre-project Q
—O— Post-project (Unmitigated) Q
—+—Post-project (Mitigated) Q Scenario 1

1.0E-04 1.0E-03

% Time Exceeding

—— Post-project (Mitigated) Q Scenario 2 ||

1.0E-02

Storm Water Management Model (SWMM) Training

131




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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