@ PCSWMM

Workbook (Basic)

Hydrosoft

Think Global, Act Local



PCSWMM 7.7 Manual

© 2024 CHI & Hydrosoft All rights reserved (subject to copyright protection)
Unauthorized duplication of PCSWMM software and related documentation is strictly

prohibited.

CHI, the developer of PCSWMM, has been developing the product for a long time with great
care based on the latest information available.

But, No warranties are made, directly or indirectly, regarding this program.

And, No warranty is made as to the validity of the information contained in this user manual

or for any parficular purpose.

If you have any questions about the product's features and development background,

please contact CHI :
Computational Hydraulics, Inc.
e-mail: support@chiwater.com

https://www.pcswmm.com

For the Korean version of PCSWMM or instructions for use, please contact Hydrosoft, CHI's

official Korean distributor.
Hydrosoft

e-mail: support@hydrosoft.co.kr

https://www.hydrosoft.co.kr

This manual was created by Hydrosoft, an official distributor, and we cannot assume any
legal responsibility for the results. In addition, any unauthorized reproduction, copying, or

distribution of part or all of this manual without written permission is punishable by law.


https://www.pcswmm.com/
mailto:support@hydrosoft.co.kr
https://www.hydrosoft.co.kr/

Contents

1. Creating your first PCSWMM Model.................oouvmiiiiiii e 5
1.1 Setting up a NeW PCSWMM MOAEN .........uuiiiiiiiiiiieeccieeeee e 5
1.2 Opening backgroUNd [AYETS ......cceeeeeeeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 6
1.3 Creating @ SWMMS MOAEL.....cooiiiiiiiiieieeieeeeee 8
1.4 Assigning rainfall and running the mModel ..., 11
1.5 VIEWING TESUITS ..ttt e e e e e e e e e e e e e e e e e e e e e e e e e eeaaaeas 12

2. Design of a new stormwater system with pipe-sizing and junction drops and losses

(Valleyfield, QUEDEC)............oooiiiiiiee e et e e e araea e 14
2.1 Seting Up O NEW SWMM PrOJECT . .uuiiiiii s 14
2.2 Changing the infiltration method...........ccuvviiiiiiiiiee e, 17
2.3 Rendering SWMMJ5 entity labels and turn on link Qrrows.........ccccvveeviiieeeeeenee. 17
2.4 Locating the outfall and manholes (JUNCHONS) ......eeeeueieiiiiiee 19
2.5 Setting conduit AHIDUTES........uviiiiiiieeeeee e 23
2.6 IMPOorting SUDCOTCNMENTS.....ueiiii e 25
2.7 Assigning subcatchment paramMeters...... ... e 26
2.8 Adding a design storm as a rainfall iMe-Series........coovveeeeeeeeeciiiiiiieeeee e, 28
2.9 RUNNING The MOAE] ....eeiiiiieii e e e e e e e e e 29
2.10 Sizing the PIPE AIAMETEIS ....uviiiieii e 30
2.11 SEHING ArOPS/IOSSES evveeeeeeeeiitiee ettt e e e e e e e e e e e e e e e arbaareeeaeeeaenanes 31
2.12 Viewing and interpreting the results....... ... 33
2.13 Bonus: Alternative rainfall using IDF CUINVES ......cocceviviiiieee et 34
3. System evaluation using multiple return period design storms................................. 37
3.1 Opening and grouping as-is and to-be models ........ccooeeeeeeeeeeeiini. 37
3.2 Loading design events in the Graph panel..........cccovvveveeiiiieeeccciiieeeeeeeeee, 38
3.3 SAVING AESIGN STOMMS eeeiieieeeee e e e e e e e e e eerba e e e e e e e e e eenaes 39
3.4 Generating return period storm scenarios for to-be model..........ccccoeeennnnnn... 40
3.5 Generating return period storm scenarios for as-is model ........cccccvvveeeeeeeennnes 42
3.6 ReCOlONNG SCENAIMOS ...ceeeeeeeeeeeeeee e, 42
3.7 EvAlUGTING rESUIS s 43
BB REFEIENCES .o e et e e e e e e e s saraaeeeaaeeeeas 44
4. Simple Storage estimation ... ———— 45
4.1 Openand run the projeCt file ... 45
4.2 FINA SUFCNAIQING PIDES «oeeeeeeeiiiiiiiieeeeeeeeeceteeeeeeeeeeeeetbaeeeeeeeeeesesaasssaeeeeaeeeasannes 45
4.3 Determine excess capacity of a conduit.......oooeeeeeeii 46
4.4 Insert a storage pond in the existing model ... 49
4.5 Substitute the orifice with an oUET ..., 51
5. Modeling LIDs (Valleyfield, QUEDEC) ...........ceeviiiiiiiiiiiiee e 53
5.1 OPeNING the MOAEL ... 54
5.2 Creating a long term simulOtioN .........cocciiiiiiiie e 54
5.3 Creating O LID SCENQAIIO ..uuuuiiiiii e e e e e e enas 56
5.4 Defining LID attributes in LID TOOIDOX.........uviiiiiiieiieciiiieeee et 57



5.5 AsSIgNINg sUDCATCNMENT LIDS ....uuueiiiiiii e 60

5.6 CoMPArNG LID rESUIS ..cceiiiiiiieeeee et e e e e e aaa e e e e e e e e e eaaes 63
5.7 (Optional) Comparing LID performance with LID clogging factor................. 64
5.8 (Optional) Opening the LID report ... ... e e 65
6. Combined 1D-2D urban flood analysis...............ccccoeeiiii 66
6.1 Create model and defing 2D IAYEIS .....uuureeeeiiiiiii e 66
6.2 GENEIATE POINTS ..ottt e e e e e e e e e e eeeeeaeeeeenns 69
6.3 Create diverging/converging locations in stream .........cccccvvveeeeeeeeecciveeeeenen. 72
B.4 CreOte MESN ...t 75
6.5 AAA TD CUIVEIT ettt et e e e e e e e e e eeeaaaaen 78
6.6 Create AN QU ......eeeeeeee e e e e e e e e e e e e eeeeenns 80
6.7 ASSIGN AN INFIOW TIME SEMES ...vvvviiiiiiiiiei e 81
6.8 RUN A SIMUITION ...t e e e e e e e e e e e e eeeeeeenns 83
6.9 Render model fo show maximum water surface elevation.........ccccevevveeeenn.n. 84
6.10 Add downstream boundary CONAITION..........uuevuiiiiiiiiii e 85
6.11 TroUBIESNOOTING . ..iiii i e e e e e e e e e e e e eenneees 89
7. Dual-drainage integrated 1D-2D flood modeling with obstructions ........................ 90
7.1 Open existing 1D MOUEL.......uuuiiiiiiiiiiiii e e e nas 90
7.2 CreOte 2D [OYEIS cuuueee ettt eetee e e e e et e e e e e e e e et eeeeeeeenaaas 21
7.3 Create second bounding polygon based on roads layer..............evvvvvevvennnnnns 92
7.4 Define bounding polygon attributes.........oooiveeciiiee e, 95
7.5 Create points in 2D NOAES [AYET ......vuvuveeiiiiii e 96
7.6 Generate 2D OVEIIONA MESN c...ue i 97
7.7 Identify 1D nodes to be connected to the 2D overland mesh ..............uuuuee. 97
7.8 Create dOWNSTTEOM IQYET .. ..iiii i e e e eeeaes 99
7.9 Set SIMUIOTON OPTIONS ....viiiiiiiii e eaas 100
7.10 Run the model and ViSUQILIZE reSUITS.........uvveeriiiiiii e 102
7.11 Adding an elevations layer (Optional) ......ccccvvveiieiiiieieeceeee e, 103



1. Creating your first PCSWMM model

This is a basic infroduction to modeling with PCSWMM.

For instructions on how to use the PCSWMM workbook features, please refer to the
following arficle and video. This exercise does not require you to download any files.

1.1 Setting up a new PCSWMM model

1.  To begin with let's create a SWMM5 project:

2. Launch PCSWMM and click the New button located on the left side of the opening
screen.

3. Select SWMMS5 Project from the list of new projects.

New Project

Welcome to PCSWMM 2016 Professional 2D, Please choose the type of project you would like to
create:

SWMMS Project
Create an EPA SWMMS project for stormwater, wastewater or watershed modeling.

» RAP Project
Create a Radar Acquisition and Processing (RAP) project for downloading,

calibrating, analyzing and preparing radar rainfall for use in SWMMS and other
purposes.

-

¢

“ " Time Series Project

w Create atime series project for managing, editing, and/or analyzing any type of time
Series.

-

4. In the Name box write My first model.

Mew Project >
Name: My first model
Location: C:Users\Clark Kenth Desktop \PCSWMM Exercises \PCSWMI | II i
Abbreviation: Model1

Description (Title):
My first PCSWMM model -

Create Project Cancel



https://secure.chiwater.com/Workbook/Exercise.aspx?pcswmmcode=2&ChapterID=111&ChapterNum=1&ScheduleID=134&WorkbookID=15&License=837645&Email=jin@hydrosoft.co.kr&v=EqZc2R4A316goBtYmFrs2nHFMENZjh3pI28eFtjRhbaqUWIjSfEO08gP5e%2bufDH1Ha4E0DqSFUNb2XEgf%2fNQ08z0i2spVsAxbxXAnlqcwIFA9i3akOMxFyiICD3%2fguzh0ab00uXaOYXtxXgdaq0J4RJHdyu%2bU2SMxvCeTC40fyEto2OmIM9YCpYkgeOqBHfCsf96b0JCelRGGijKLKjeWEZ9wgi%2f9RCDMIcyhrsLhWGYYxBNz5eVw5%2fQESFS2PgCP91u80ZtK7GSTh0394jj8bay8MQ2VW2Di%2bBJcicUjPZP9O3E%2fhLecqIXfVFbbBKJ

5. In the Location box browse to a known location and click OK.
6. In the Abbreviation box write Modell.
7. Click the Create Project button.

Note: You also have the option to add project notes when creating a project. You
can then further edit or append the notes with additional information or a list of
tasks at any fime using the Project Notes tab in the Attributes panel. Since this
example will be located in New York we will begin by setfting the project to use US
units. If you are working in the United States you can skip this step as your flow unifs
should automatically be set to CFS.

8. Click on Simulation Options from the Project panel.
9. Inthe General tab in the Simulation Options editor change the Flow units fo CFS.
10. Click on the OK button.

11. Click on the Switch button when asked.

1.2 Opening background layers

Let's choose a background layer to provide reference for our New York City model. If we had
GlIS layers for this area we could open them, however for this exercise we are going to use
the open source Bing Maps.

1. Inthe Layers panel click on the Tile Map Service Selector that says "None" (located
in the bottom left corner of PCSWMM).

Layers

O & A A A
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4
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2. Select Bing map roads from the list.



Click on the Zoom 194 button, or your mouse scroll wheel, and zoom into the
approximate location of New York City.
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Continue to zoom into the location of New York City (Lower Manhattan) as shown in
the screenshofs.
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5.

Q)
Continue to use the Zoom *-=* function, or alternately use the mouse scroll wheel, to

zoom into the location shown in the screenshots provided: the Governor Nelson A.
Rockefeller Park, south of the Holland Tunnel and East of the West Side Hwy (?A).
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1.3 Creating a SWMM5 model
. 9
Click on the Outfalls layer in the Layers panel. It will appear grayed out as there are

1.
currently no Outfall entities.

2. Click on the Add “® button in the Map panel.

3.
screenshot provided.

Click to add an outfall located on the shore linear to Murray street, as shown in the



g,
" g,

We will now add a junction that will act as the outlet for the subcatchment runoff.

4,

5. Click on the junctions layer in the Layers panel to select the Junctions layer.

We

Click on the Add + button and click on the intersection of Murray St and North End

6.
Ave, as shown in screenshot provided.

H

o,

We will now connect the two nodes (outfall and junction) with a conduit.

7.
Click on the Conduits layer in the Layers panel and click on the Add + button.

8.

9. The conduit flow direction is based on the order you draw the link (upstream to

downstream). Click on the Junction and then click on the Outfall to draw the

conduit connecting these two entities.



WGSI St WE(F Tz

10. A message will appear asking if you want to estimate the conduit lengths from the
map, click on the Yes button.

Auto-Length x

Estimate subcatchment areas and conduit lengths from the map?

v Yes
Turn the Auto-Length option on and continue.

[V 2 No
Leave the Auto-Length option off.

Flease don't remind me again

11. If you look at the Attributes panel (on the right of the PCSWMM window) you should
see the Length attribute of the selected conduit has been assigned the map length.

12. Now we will parameterize the SWMM5 entities.

13. Click on the Select R button to get out of Add mode

14. Click on the Outfall to select it and, in the Attributes panel, set the Rim Elev. to 10 ft.
The invert elevation (Invert El.) will be left at 0 (sea level).

15. Click on the Junction and assign it an Invert elevation of 10 ft and a Depth of 10 ft.

Note: You can only edit one of Depth or Rim Elev. (the other will be calculated). If
the Depth attribute is being calculated (i.e. is disabled), select the Depth attribute

and click on the Expression £ putton that appears in the value field. In the Auto-
expression editor, click on the Calculate Rim Elev. instead button.

16. Select the Conduit and change the Roughness to 0.014 and the Diameter
or Geom1 1o 2 ft.

17. Now we will add a subcatchment.

18. Click on the Subcatchments layer in the Layers panel.

10



19. Click on the Add E} button and draw a subcatchment outlining the Murray St /
Warren St block as shown in the screenshot provided. Subcatchments are drawn by

clicking at the desired vertex locations in the Map panel.

We

H

AL O P

20. Click on the Commit Changes ¢ button or press the Enter key to finish editing the

subcatchment.
21. Click on the Select R button to get out of Edit mode.
In the Attributes panel for the selected subcatchment, change the Imperv. attribute

22.
(directly connected impervious area) to 50%.
You should nofice the Area of the subcatchment was automatically assigned as we

23.
asked the program to use map measurements. For the sake of brevity, we will skip
parameterizing the other Subcatchment attributes (see our other exercises for more

details on this).

1.4 Assigning rainfall and running the model

1. The next step is fo assign rainfall input to the subcatchment. For this step we will be
using a design storm event from the design storm creator tool.

Click on the Graph tab (along the top of the PCSWMM window) to switch to

the Graph panel.
In the Graph panel, on the Add %’ button to add a new design storm.

4, Select an SCS type design storm. Choose Type Il, setf the Total rainfall fo 5 in., sef the
storm duration to 24 hours and change the Rain interval to be é min.

Click on the Create Time Series & Setup Model button.

11



Design Storm Creator ? x
Type: Name:
Chicago Total rairfall |5 in SCS_Type_ll_5in
Srmnec Type | Tpell -
SCS
NOAR Stom duration | 24 hour - SCS_Type_ll_5in
NRCC Raininterval | 6 minute - 7
(=3 Rainfornat | INTENSITY | =
AES 5
Huff Time (H:M) =5 =
Caiifomia
— 0:00 0.0505 54
Florida Type I 006 00505
Hunicane Haze! (Southem Ortario) 012 0.0515 E
Timmins Storm (Northem Ontaric) 018 0.0515 =
Sauth Afiica SCS 024 0.0525 £
Calgary 030 0.0525 g 37
Edmorttan 0.3 0.0535
042 0.0535 24
048 0.0545
054 0.0545 .
100 0.0555
106 0.0555
112 0.0585 ‘ 6 'I!hu EAM EF{M QFlM 12PM 3P‘M EPIM QPIM 7 ‘Frl
11 0.0565 ~  Jun2013 DaterTime
Create Time Series & Setup Model Create Time Series Cancel

PCSWMM created the time series in the Time Series Manager (on the left side of the
Graph panel) and setup the model. In setting up the model, PCSWMM inserted the
fime series as a SWMMS5 time series object, created a SWMM5 rain gage object
linked to this SWMMS5 time series object, assigned the rain gage to the
subcatchment, and setup the simulation period to match the time series dates.
Now your model is ready to be run.

Click on the Run J button located in the Project panel

1.5 Viewing results

Once your model has successfully ran you will see continuity errors displayed at the bottom
right side of the screen. These values will be rendered from Green to Red depending on the
size of the error. Generally you want these boxes to be green as that indicates that your
runoff and routing errors are below 1%. You may also notice a Flooding warning, which
indicates surface flooding (usually from an undersized conduit). We'll discuss how to remedy
the flooding lafter.

1.

Click on the Runoff or Routing error boxes in the bottom status bar (or click on
the Status tab and choose the Continuity Errors section) to view the mass balance
report in the Status panel.

Review the water balance from the status report to ensure the values seem
reasonable.

Now let's plot the hydrograph through the conduit.
Click on the Graph tab to switch to the Graph panel.

In the Time series manager, select SWMM5 output > Links > Flow > C1 (put a check
beside C1). Use your mouse to zoom info the hydrograph by holding down the left
mouse button and dragging over the portion of the graph you want to see.

12
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Congratulations, you've successfully completed your first PCSWMM model! To familiarize
yourself with SWMMS5 model output, we recommend you browse through the Status

panel result tables, examine the result attributes of the entities in the Map panel, and explore
the other time series generated by SWMM in the Graph panel.

You can also experiment by adding more junctions, conduits and subcatchments, as well as
perform sensitivity tests on the various subcatchment attributes by adjusting them and re-
running the model.

For more hands-on exercises, please refer to your General Workbook, located under My
Training in the Help tab (File > Help > My Training).

13



2. Design of a new stormwater system
with pipe-sizing and junction drops
and losses (Valleyfield, Quebec)

This exercise illustrates the design of an urban residential stormwater drainage system using
PCSWMM. In this example, we develop from scratch a preliminary design for a new
stormwater drainage system. The system comprises catch basins, manholes and pipes -
capable of handling the 10y design storm - for a new development of approximately 80
single-family detached residences in Valleyfield, Quebec. Pipe-sizing and junction drops and
losses are included.

-06% || Rouing: -0.7% | Resuisuptodate .

2.1 Setting up a new SWMM project

Let’s begin by setting up a new SWMMS5 project for the preliminary design:

1.  In PCSWMM, create a new SWMMS5 project named Valleyfield to-be minor in
the PCSWMM Exercises\ K018\ Initial folder.

2.  Launch PCSWMM and click the New button located on the left side of the opening
screen under File.

File Project

.g Save

5}} Save As..
J4 Open

% Close

Manaage

Mew

14
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https://www.youtube.com/embed/DqwzL9I0R4c
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3. Select SWMMS5 Project from the list of new projects.

New Project

‘Welcome to PCSWMM 2017 Professional 2D. Please choose the type of project you would like to
create:

SWMMS Project
Create an EPA SWMMS project for stormwater, wastewater or watershed modeling.

EPANET2 Project
Create an EPANET2 project for water distribution modeling.

RAP Project
Create a Radar Acquisition and Processing (RAP) project for downloading,
calibrating, analyzing and preparing radar rainfall for use in SWMM5 and other

purposes.

Time Series Project
Create atime series project for managing, editing, andfor analyzing any type of time
series.

4. In the Name box write Valleyfield to-be minor.

5.  In the Location box browse to the PCSWMM Exercises\ K018\ Initial folder and
click OK.

6. Click the Create Project button.

7. Open = up the photo-grand-ile.jpg background layer from the PCSWMM
Exercises\ K018\ Initial folder.

8. Click the Open = button in the Map panel.

9. Click on the Open ) button in the top right corner of the Layer browser.

Al | Raster | Vector | Projec e IREL X )

T )i Open

\
[N
b s
\ Open existing layer(s). &
\‘1. (" o2 -
“l \i) a
.,

LY -
\ X\;S
D

photo-grande-ile HE4020_r14_Reside..

10. Navigate to PCSWMM Exercises\ K018\ Initial, select the raster image photo-grande-
ile.jpg and click Open.

11. A message may pop-up asking you to set the coordinate system. If asked,
select Unknown (m) from the list of options.

Note: The order of appearance of the layers in the Layer panel dictates their
hierarchy in the Map panel. SWMM layers are on top of background layers as

15



default. To arrange the layers, simply drag and drop the layer to its desired position
in the Layers panel.

In the satellite photo we see the St. Lawrence River and Seaway to the north. The
new development is in the lower portion of the photo, south of the hydro-electric
servitude ("hydro-cut" — appearing in the photo as a deforested corridor running
east-west), immediately west of the existing residential area and somewhat north-
east of the quarry. Zoom into this area:

12. Use the Zoom QL button in the toolbar to drag a selection box over the area you
wish to view, or zoom and pan. In this example we will be zooming intfo the bottom
middle of the image (refer to the figure).

13. Click on the Select R button to exit zoom mode.

14. A CAD file has been prepared showing the location of roads and the proposed
residential lots. To overlay this file on top of the satellite image, we will simply open
the file.

15. Open the H64020_r14_Residential.dxf in the PCSWMM Exercises\ K018\ Initial folder.
16. Click the Open = button in the Map panel.

17. Click on the Open “ ll button and select the AutoCAD
file H64020_r14_Residential.dxf (in the folder PCSWMM Exercises\KO018\Initial)

18. Click Open.
The CAD drawing will appear in the Map panel delineating the lots and roadways in yellow.

For this exercise we need to develop the minor system drainage network that will convey the
10 year storm water runoff from all lots and roads. The area is relatively flat and must be
graded fo ensure that minimum slopes are achieved. Thus the invert elevation has been
provided for the outfall at the ditch and manhole invert elevations will be calculated in the
model from the minimum required slope for all pipes.

16



2.2 Changing the infiltration method

Change the infiltration method to Green-Ampt in the Simulation Options.
In the Project panel click on Simulation Options.

In the General tab, under the Infiltration model section, select Green-Ampt (if it is not already
selected) and click OK.

Simulatien Options ? *

Process models Infiltration model
General

Hortan
Dates
Time Steps Modified Horton

Dynamic Wave

Files
Reporting Modified Green-Ampt

EEE Curve Number

Routing method Miscellaneous
Steady Flow Allow ponding
Kinematic Wave Minimum conduit slope (%): 0
® Dynamic Wave Flow urits: CMS |~

QK Cancel

2.3 Rendering SWMM?5 entity labels and turn on link arrows

In this section we will be setting up the labeling for each of the outfalls, junctions and
conduits using the Rendering menu. These labels will not show up in the map panel until after
an entity has been added.

1. Set up the Outfalls layer to display a label with the Name showing and a red back
color.

2. Click the Render ;;ﬁ button in the toolbar of the Map panel.

3. Select the Outfalls layer from the list of layers.

4. Click on the Label button on the right side of the Layers properties manager.

5. Click on the Insert button and select Name from the list of attributes and click Insert.
6. Change the Back color to red, located under the Expression box.

7. Click on the Apply button.

17
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Now we are going to do the same thing for the Junctions and Conduits layers.

8. Set up the Junctions layer to display a label with the Name showing and a blue
back color.

9. With the Layer properties manager still open, click on the Junctions layer in the list of
layers.

10. Click on the Label button.

11. Click on the Insert button and select Name from the list of attributes and click Insert.
12. Change the Back color to light blue, located under the Expression box.

13. Click on the Apply button.

14. Set up the Conduits layer to display a label with the Name showing and a yellow
back color.

15. Click on the Conduits layer in the list of layers.

16. Click on the Label button.

17. Click on the Insert button and select Name from the list of attributes and click Insert.
18. The Back color should be set to yellow by default so we will leave it.

19. Click on the Apply button and click on the Close button.

Note that you will not see any changes in the Map panel at this point as we have not added
any entities. Once we start drawing entities, they will have a name label and the back colors
we defined above. Now we are going to turn on the link arrows in order to see the direction
of flow in the Conduits.

20. In the Preferences dialog, turn on link arrows in the Map panel and choose
to Calculate node depth.

=1

21. Click on the Menu = button in the Map panel and select Preferences.
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22.
23.

24.

In the Map tab put a check beside Show link arrows.

In the General fab make sure there is a check beside Calculate node depth. This will
allow us to later edit the rim elevations.

Click on the OK button to close the Preferences.

2.4 Locating the outfall and manholes (junctions)

To begin with, we will locate the outfall and the manholes in the network, using a maximum
distance of 500 ft | 160 m between manholes, and ensuring the placement of a manhole at
every intersection and change in pipe direction. Generally always start by placing the

outfall.
1.
2.

7.

Add an Outfall in the location shown in the screenshot attached.

Click the Outfalls item in the Layers panel fo make this layer active in the Map
panel.

Click the Add ‘:% button in the toolbar.

Now click at the location you wish to place the outfall (see screenshot below).

Click the Select w button in the toolbar to exit add mode.

Once the outfall is added and selected (highlighted in blue), we can edit the
attributes.

In the Attributes panel (on the right side), change the Name to Outfall and
the Invert El. to 149.61 (ft) | 45.6 (m).

We will be positioning the junctions according to a GIS background layer provided.

8.

9.

Open the Junctions outline.SHP file in the PCSWMM Exercises\ K018\ Initial folder.

Click the Open <= button in the Map panel.
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10.

Click on the Open “11 button in the top right corner of the Layer browser.

Navigate to the folder PCSWMM Exercises\K018\Initial, select Junctions outline.SHP and
click Open.

A pop-up may appear asking you to Set coordinate system, if you received this message,
select Unknown (m) from the list of opftions.

Keep in mind the junctions outline layer is just a background layer and does not represent
actual SWMMS5 junctions.

We will now turn on Auto-Length. This option will use the GIS map lengths to estimate the
length and areas of conduits and subcatchments as opposed to using the default length.

11.

12.

13.

14.

15.

16.

Click on the Auto-Length box located in the status bar at the bofttom of the
PCSWMM window and select On.

Add junctions and conduits based on the Junctions outline.shp file. Use the
aftached screenshot as a guide.

Select the Junctions layer from the Layers panel. The Junctions layer will appear
gray as there are no junctions in the model yet. Be careful not to select the
Junctions outline layer.

Click the Add ’:% button in the toolbar.

Click on J1 on the background layer and then, holding down the Shift key, click
on J2. Nofice how by holding down the Shift key, a conduit is automatically created
connecting the two junctions.

While still holding the Shift key click on J3 and J4.
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17. Now release the Shift key and click on J5.
18. Now hold down the Shift key and click Jé, J7, and J8.
19. Once again release the Shift key and click on J9.

20. Now hold down the Shift key and click on J4, J8 and finally the Outfall. PCSWMM will
recognize there is already a junction at the J4 and J8 locations and connect the
network automatically.

Note: If you don't hold down the Shift key a conduit won't be automatically drawn to
connect the junctions. If this happens you can add a conduit by clicking on the
Conduits layer, clicking on the Add button and clicking the upstream and downstream

nodes. If you make a mistake, switch back to the Select w button, select the entity and
click the Delete R button in the toolbar or press the Delete key on the keyboard to

delete the junction. Then you can return to the Add :ﬂ- button and continue adding
manholes. It will be easier later if you rename some of the nodes to reflect the figure
below.

21. Click the Select % button in the toolbar to exit Add mode.

22. Check that the conduit flow directions match the screenshot above. If you need to
change the direction of a conduit click on the conduit, right click and
select Reverse link.

23. Since we no longer need the junctions outline template, it can be closed.

24. Select the Junctions outline layer from the Layers panel and click
the Close = button.

25. In the Table panel, filter the Junctions layer to display only Name and Rim Elevation.
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26. Click the Table tab to open the Table panel.

27. Ensure that the Junctions layer is selected in the Layers list.

28. Click on the Filter ( button and check then un-check the Select all box at the
bottom.

29. Place a check beside Name and Rim Elev. and click on the Apply button.

Table Graph Profile Details Status Documentation

‘(" QI " Copy % Flash EJ R,
R Delete B2 Replace =) e

Filter Sort Select Uncertainty SRTC

Columns |t Ty Clear Builder...
‘
[] *%Coordinate

[ -Coordinate

[] Description

[ Tae

[ Inflows

[ Treatment

[] Invert Elev. {m)

[] Rim Blev. fm) |

L] Depth ()

[ Initisl Depth {m)

[ Surcharge Depth {m)

[ Ponded Area md

[ Baseline m?/s)

[] Baseline Pattem

[ Time Series

[ Seale Factor -

Select all h Clearal Apply Close

The Table panel should only be displaying the name and rim elevation attributes for junctions.

Enter the Rim Elev. values from the image below (click on the image icon to see the table).
Please note this image has been altered to show both metric and US units; this is not
automatically shown in PCSWMM.

Note: In PCSWMM, the Junction depth can be defined either by setting the Depth of the
junction or by setting the Rim Elevation. Often when creating a model of a subdivision the
Junction depths are unknown, however by defining the elevation of the rim, the depth can
be automatically calculated by subtracting the Invert Elevation from the Rim Elevation. If the
Rim Elev. attribute is being calculated (i.e. is disabled), select the Depth attribute and click

on the Expression fx button that appears in the value field. In the Auto-expression editor,
click on the Calculate Depth instead button and vise versa.

Junctions
Rim Rim
Name Elev. Elev.
{m) fith

3 496 16273
J2 4853 160.53
J3 4854 159.25
M 4818 158.07
J5 455 1624
JB 452 161.42
J7 4338 158.73
JB 4795 157.32
J5 483 158.46

-
30. Click the Save IJ button.
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2.5 Setting conduit attributes

w N

5.

Return to the Map panel by clicking on the Map fab.

Select all the conduits.

Click the Conduits layer in the Layers panel.

Select all of the conduits by pressing the Ctrl + A buttons on the keyboard.

Change the attributes for all the conduits as follows:

Roughness = 0.013

Cross-Section = CIRCULAR

Geom1=3.5(ft) | 1 (m)

Now we need to assign invert elevations for all manholes in the system. As we need to meet
a pipe slope criteria of at least 0.25% and the outfall invert elevation is 149.61 (ft) | 45.6 (m),
PCSWMM can calculate the required invert elevations of all the other manholes in the
drainage network.

6.

10.
11.
12.

13.

Using the Set Slope tool, set the slope to 0.25%. Preserve node rim elevations and
raise upstream nodes' invert elevation.

Click on the Tools ?L button.

In the Conduits section, click on the Set Slope tool.

In the Set Slope tool, in the Set slope box, enterin 0.25 (%)
Check the box to Preserve node rim elevations.

Check the box to Raise upstream nodes' invert elevation.
Uncheck the box to Apply to flatter conduits only.

Click on the Analyze... button.

Set Slope x

Compute invert elevations

Calculate upstream node invert elevations to achieve a specified conduit slope.
The entire upstream drainage system will be raised or lowered.

® Set slope to: 0.25
| atibute (%)
v| Preserve node rim elevations

v Raise upstream nodes’ invert elevation

‘Aoply to flatter condutts only |

Analyze. .. Cancel

A table of calculated changes will appear for review.
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14.

Click Apply to implement them, and then on the Close button. (Please note the
screenshot shown is in US units. In addition, the values presented below may differ
based on how exact the conduits were drawn).

9 node invert elevations estimated Corter sotoc
Click on the Apply button to update the node Invert Elevation attributes. enter selection

Mode Name NodeType o ImertBlev.  Mewinvert Elev. Changeln Ivert  oig pegin () New Depth () Comments
a1 Junction o 156.583 156.583 162.73 6.147
Jz Junction 0 155.163 155.163 160.53 5.367
J3 Junction o 153.826 153.826 159.25 5.424
J4 Junction 0 151.363 151.363 158.07 6.707
J9 Junction o 151.831 151.831 158.46 6.629
J5 Junction 0 155.698 155698 1624 6.702
J6 Junction o 154 876 154.876 161.42 6.544
J7 Junction 0 152 567 152.567 158.73 6.163
J8 Junction o 150.227 150.227 157.32 7.093
Back Gopy. Report Apply e

Nofe: If all ? nodes are not listed in the Set Slope tool, it may be because the flow direction is

incorrect. Under the Menu —= button in the Map panel select Preferences. In the Map tab,
click the box next to Show link arrows to turn on the feature if it is not already turned on.
Click OK to close. From there select the conduits that are not in the upstream direction and
right-click and select Reverse link.

15.
16.
17.

18.
19.

Select a pathway from J1 to the Outfall and open the Profile panel.
In the Map panel, click on junction J1.

Hold the Shift key down and click on the Ouffall. A path of connecting entities
should be selected.

Click the Profile tab view the profile.
Display the rim elevations and pipe diameters in the Profile.

Main title -
Sub title -
General MNode Link
~ | Rulers ~ | Node ID ~| Link 1D
Energy grade line (EGL") Hydraulic elevation Flow
+ | Thick line for HGLs Max. hydraulic elevation Length
+ | Label lines +| Rim elevation | Depth
+ | Wide nodes Inver elevation Velocity
« | Fill ground profile Volume Slope
Gradient fill Cross connections Upstream invert elevation
DEM: | None - Downstream invert elevation
+ | Maximum elevation markers +'| Observed head time series Overbanks fransects)
Playback speed: Label NOME - Label: | TAG -
F!st Sow Position: | Ground -

| Loop playback

" Quasi-EGL Clase

s
20. Click the Properties i putton in the Profile panel.
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21. In the Profile Properties editor, under the Node section, ensure Rim elevation is
checked.

22. In the Link section, ensure Depth is checked.
23. Click the Close button to exit the Profile properties.

The profile should appear similar o the screenshot shown.

gns i aneim e i e

2.6 Importing subcatchments

1.  We are now going fo import subcatchments from an external GIS layer.

Subcatchments can also be manually added using the Add E% button in the Map
panel; the way the junctions and conduits were added.

2.  Import subcatchments from the Subcatchments outline.shp file in the PCSWMM
Exercises\ K018\ Initial folder using the Import GIS/CAD wizard.

3. Click on the File tab.

4. Click on Import and select GIS/CAD @.

5. Click on the Subcatchments item.

6. Click on the Browse... W) button and navigate fo PCSWMM
Exercises\ K018\ Initial and select Subcatchments outline.SHP. Since it was a
previously created subcatchment layer, the importer will recognize the attributes
and automatically match them up.

7. Click on the Finish button. An import report will appear.
8. Click the Close button.

9. The subcatchments will appear in the Map panel.
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2.7 Assigning subcatchment parameters

Now the subcatchment parameters can be assigned. Subcatchment parameters are given
in this example, however values for many of the parameters listed below can be found on
the PCSWMM support site in the Reference Tables section. In addition, land use and soil
layers can be used to area weight infilfration and imperviousness values from GIS polygons
using the Spatial Weighting tool in PCSWMM, however this is covered in another exercise
(Estimating subcatchment attributes based on land-use and soils layers).

1. Select all the subcatchments.
Click on the Subcatchments layer from the Layers panel.

Press the Ctrl + A keys on the keyboard to select all subcatchments.

A w0

Set the following attributes for all subcatchments in the Attributes panel (screenshot
is also attached).

Attribute Value Reference
| Slope (%) | 0.5 | Estimate
Imperv (%) | 30 | Estimate
N Imperv | 0.013 | Manning's N - Overland Flow
N Perv 0.2 Manning's N - Overland Flow
Dstore Imperv 0.05in | 1.25mm Depression storage
Dstore Perv | 0.1in | 25 mm | Depression storage
Suction Head | 6.3in | 160 mm | Soil characteristics
| Conductivity | 0.24in/h | 6 mm/h | Soil characteristics

Initial Deficit 0.1 (fraction) Soil characteristics
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Attributes Motes  “di

—=a e
= fx 24 @
Menu Replace Graph Wiew

9 selected Subcatchments
Infiltration =
Infitration Method GREEMN_AMPT
Suction Head {mm) 160
Conductivity {mm.h &

Initial Deficit frac.) 0.1

ributes
MName
¥ -Coordinate
¥-Coordinate
Description
Tag
Rain Gage
Outlet
Area (ha)
Width (m =
Flow Length {m
Slope (%) 05
Impery. (%) 30
M Impery 0.013
M Perv 02
Dstore Imperv {mm] 1.25
Dstore Perv {mm) 2.5
Zero Imperv (%) 25
Subarea Routing OUTLET
Percent Routed (%, 100

Curb Length 0
N-Perv Pattem

Dstore Pattem

Infil. Pattem

Snow Pack

LID Controls o
LID Names
Groundwater NO
Erosion NO

We will now compute the Width attribute for the subcatchments by dividing each
subcatchment area by an approximate maximum length of overland flow (flow length).

This is not the real width of the subcatchment.

We'll assume the average maximum length of overland flow is the sum of the average lot
depth (115 ft | 35 m) plus the curb length between catch basins (197 ft | 60 m), which
equals 312 ft | 25 m.

5. Using the Set Flow Length/Width tool, set a fixed length of 312 ft | 95 m for the
subcatchments.

6. Click on the Tools }\ button.

7. Inthe Subcatchments section, click on the Set Flow Length/Width tool.

8. Select Fixed length in the dialog and enter 312 ft | 95 m in the text box (please note
the screenshot shown is in Sl units, US units will differ).

Set Flow Length/Width >

Compute subcatchment flow length/width

Set How Length attribute for subcatchments ertities. The Width attribute is
automatically calculated by dividing the subcatchment Area by the Flow Length.

COwerand flow length is defined by:
Flow path layer - M ]

# Foed length 55|

Apply Analyze.. Cancel
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10.
11.
12.

Click Apply to execute it.
Examine the log of changes and click Close.
Switch to the Table panel by clicking on the Table tab.

Select the Subcatchments layer if the subcatchments layer is not already selected.
You should see the new width values for each subcatchment (please note the
screenshot shown is in Sl units, US units will differ).

Subcatchments

MName Outlet ?E? mﬂ_ﬁh

» B 1 14121 148642
52 2 1.0525 110.79
53 13 10334 108779
54 14 0.5506 57.958
56 J6 09726 102379
57 7 14916 157.01
58 18 0.2636 27747
59 19 0.2277 23.968
55 15 0.1809 19.042

2.8 Adding a design storm as a rainfall time-series

Now for this simple, straight-forward stormwater minor system design, the next step is to
specify a minor design storm suitable for pipe sizing. For this exercise we will use the design
storm creator tool and automate the project time series setup. To generate a design storm
time series:

1.

Click on the Graph tab to open the Graph panel.

Click on the Add + button to open the Design Storm Creator.
Select AES.

Change the Type fo Southwest Quebec from the list.

In the Total rainfall box type in 1.5in| 36 mm

Ensure the Rain format is sef to Intensity.
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Design Sterm Creator ? X
Type: Name:
Chicago Total rainfall |36 mm AES_Southwest_Guebec_36mm
S Type | Southwest Qu...| =
s 1 AES_S:
NOAA u - _Southwest_Quebec_36mm
= 130
NRCC S =
MsE Rainfomat | INTENSITY | =
AES
Huff Time (H:M) fﬂﬂ‘"f,fr‘;
Calfomia
Nevada o0 432
Flrida Type I 005 1728 ~
Huricane Hazel (Southem Ortario) 010 33.88 %
Timmins Stomm (Northem Ontario) 015 7776 E
Sauth Afica SCS 020 12528 I
Calgary 025 60.48 5
Edmorton 30 a2
035 3024
040 1728
045 264
0:50 432
055 432
14 Wed 0:30
Dec2016 DateiTime
Request s design storm... Create Time Series & Setup Model Create Time Seres Cancel

7. Click on the Create Time Series & Setup Model. This will automatically create your
rain gage, assign it o all of the subcatchments and change the duration of your
model fo match the rainfall time series.

8. Click on the Map tab to return to the Map panel.

2.9 Running the model

1. Inthe Map panel, click on Simulation Options in the Project panel.

2. Click on the Dates tab, and change the Duration (h) to 3 and click OK.

Simulation Options ? *
General
Date (M/DVY) Time (H:M:5)

Bokes Start analysis on [1271472006] = | [oooo0 =
Time Steps +| Sync
Dynamic Wave Start reporting on [12/14/2016] ~ | [00000 (=]
Files Duration (h)

End analysis on 1211472006 ~ | [ 20000 3] z
Reporting
Events Start sweeping on 007 =

End sweeping on 1231 =

Antecedent dry days 15

Set simulation period

from time series v

QK Cancel

3. Click the Run "@ button in the toolbar to save the project and run a simulation. If
the run is successful, a pop-up window will show the message, ‘Run was successful’,
with Continuity Error information.
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4. Check that the continuity errors are reasonable (say less than 5%, depending on the
design accuracy required).

It may seem counter-intuitive, but drops and losses are assigned after the pipes are sized. This
is because pipe sizing uses the Manning’s formula which does not take into account
manhole drops. In addition, minimum pipe drops need to be assigned after the pipes are
sized so this suggested sequence saves repeating steps. Once the drops are added and the
model rerun, the pipe capacity results should be checked, along with the profiles, and pipe
sizes tweaked as necessary. Although the sequence of steps suggested here is more efficient,
there is, however, no harm in assigning drops and losses before the pipes are sized, and then
executing the drops and losses tool after the pipes are sized.

2.10 Sizing the pipe diameters

PCSWMM will compute the minimum circular pipe diameter that will not flow full, provide the
nearest standard pipe diameter, and apply them to the model (i.e. update the input data
file accordingly). Note that this capability only applies to circular pipes. The program uses the
Manning's formula to compute the diameter:

. 3/ . 3/g
o~ (i)~ (e
0.312-8 72 0.464-8 72

Manning’s n and slope S are conduit attributes entered by the user, but flow Q is computed
by the model. If the inifial pipe size is too small, the required free flow cannot be computed.
Therefore, users must initially oversize the pipes in order for PCSWMM to compute the best
standard pipe diameters.

1. Select all the conduits.
While still in the Map panel, select the Conduits layer in the Layers panel.

Press the Ctrl + A keys to select all of the entities.

A w0

Use the Pipe sizing tool fo set a minimum diameter of 1 ft | 0.3 m. Choose to
preserve crown elevations, adjust node invert elevations and preserve rim
elevations.

5. Click on the Tools }; button.

6. In the Conduits section, click on the Pipe Sizing tool.

7. Inthe Pipe Sizing tool, set the Minimum diameter to 1 ft | 0.3 m.
8. Select the option to Preserve pipe: Crown elevations.

9. Place a checkin the Adjust node invert elevations to match lowest connected
pipe opftion.

10. Check the option to Preserve node rim elevations.
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11.

12.

13.

Pipe Sizing *

Compute pipe size

Compute pipe diameter from Manning’s formula for conduits. Applies to circular conduits onby.

The pipe sizing computation is based on the computed peak flow for each pipe, therefore the model
should first be run with oversized diameters to generate unrestricted peak flows (2. conduits should
not surcharge).

Minimum diameter | 0.2 + m

When resizing, preserve pipe:
® Crown elevation

Invert elevation

+ | Adiust node invert elevations to match lowest connected conduit

v | Preserve node rim elevations

Analyze... Cancel

Click the Analyze button (please note the screenshot shown is in Sl units, US units will
differ).

Compare Original Diameter and New Diameter in the Pipe Sizing preview. Click on
the Nodes tab to see the computed changes to the invert elevations due to pipe
resizing.

Click Apply to implement the changes and click on the Close button to exit
the Pipe Sizing tool and see the adjusted pipe diameters in the Profile panel.

2.11 Setting drops/losses

Now we need to adjust the drops across each manhole to take into account bend angles in
SWMM, since the engine does not consider them. In this example, we will assign a drop of 0.1
(ff) | 0.03 (m) to have a loss coefficient of 0.15 for a straight-through pass (bends less than 15
degrees). And we will assign a drop of 0.49 (ff) | 0.15 (m) to have a loss coefficient of 1 for a
45 1o 90 degree bend at a manhole. The bends at nodes J4 and J8 are greater than 90
degrees and so we will have 45 degree elbows installed immediately upstream (these elbows
may not meet specs in your area and are not explicitly modeled for this preliminary design).

Outflow Pipe

inflow Pipe

A bend angle in an outflow pipe in relation to the inflow pipe (VDOT Chap. 9, 2016).

For this process;

Use the Set Drops/Losses tool to set both drops and losses as shown in the following
screenshots.

1.

In the Map panel click on the Tools 7\ button.
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2. Inthe Conduits section, click on the Set Drops/Losses tool.
3. Inthe Calculate drop-down menu, select Both drops and losses (should be default).

4. Enfer the Angle, Drop and Loss Coef. values as shown in the images, ensuring the
units are correct.

SI units

Set Drops/Losses X

Calculate outlet offsets and/or exit losses

Calculate conduit outlet offsets and/or exit losses to represent drops and/or losses
in the downstream node, based on the change in flow direction through the node.

Calculate: | Both drops and losses -
Angle (deg) Drop {m) Loss Coef. | =
T
180 0.15 1

-

+| Preserve conduit slopes

| Preserve node rim elevations

] Selected conduits an
Analyze... Cancel
US Units
Set Drops/Losses *

Calculate outlet offsets and/or exit losses

Calculate conduit outlet offsets and/or exit losses to represent drops and/or losses
in the downstream node, based on the change in flow direction through the node.

Calculate: | Both drops and losses i
Angle (deg) Drop fft) Loss Coef. |
15 01 0.15
180 0.45 1

v | Apply as minimum criteria (preserve larger drops/losses)
+'| Preserve conduit slopes
+| Preserve node rim elevations
Analyze... Cancel

5.  Check the Apply as minimum criteria, Preserve conduit slopes, and Preserve node
rim elevations opftions.

6. Click Analyze.
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7. View the Set Drops/Losses report to ensure that the C3, C4 and C5 exit loss
coefficients are the same (please note the screenshot shown is in Sl units, US units

will differ).
8 conduits and 9 nodes will be adjusted according to the tables below. Click on the Apply button to implement these changes. Show Profile
Conduts | Nodes Center selection
Change in . . Change in
Old Outlet  New Outlet Old Exit New Exit =
Name a Angle (deq) Outlet Exit Loss Comments
Ofiset () ~ Offset(f) qpc ) Loss Coef.  Loss Coef. = i)
c1 229 0 0.1 0.1 0 0.15 0.15
c2 0.362 0 0.1 0.1 0 0.15 0.15
c3 107.91 0 0.45 0.45 0 1 1
o 90.377 ] D.43 0.49 0 1 1
c5 1482 ] 0.1 0.1 0 0.15 0.15
o} 11514 0 0.1 0.1 0 0.15 0.15
C 2.889 0 0.1 0.1 0 0.15 0.15
cs 98.72 0 0.43 0.49 0 1 1
4 »
i Copy Report Apply Cancel

8. Click Apply to apply the changes and then click the Close button.

e

9. Click on the Run ¢ button to save the project and regenerate the results.
After the run completes, you can check the longitudinal profiles throughout the network

(Profile panel>Menu>Show Peak Values) to ensure the pipes still have sufficient capacity to
avoid surcharging with this design storm.

2.12 Viewing and interpreting the results

1. Clear the current plots in the Graph panel.
Click the Graph tab to open the Graph panel.

Uncheck the AES_1h_Southwest_Quebec_3é6mm if still plotted in the Graph panel.

A »0Dd

Plot the velocity for all links.

5. In the Time Series Manager, under SWMM5 output, expand Links > Velocity to plot
the stormwater velocities.

6. Select all the conduits (from 1 to 9) by right-clicking Velocity and choosing Select
All from the pop-up menu.

The Graph panel can also be used to plot the runoff from all subcatchments and flows in all

the conduits, as well as the depths in all nodes in the system (please note the screenshot
shown is in Sl units, US units will differ).
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Note: Your plofs of velocities should be similar to the above plots. The peak velocities should
exceed the minimum self-scouring velocities specified by your local approval agency
(commonly about 2 ft/s | 0.6 m/s). In this design, conduit C9? is a typical dead-end sewer with
a small runoff areaq, so care needs to be taken to avoid sedimentation.

Finally, check the continuity errors reported in the Status panel to ensure that the numerical
solution is behaving reasonably well. You can also experiment with radically different routing
time steps (be sure to adjust the report tfime step accordingly) to examine the numerical
effects.

2.13 Bonus: Alternative rainfall using IDF curves

The following section reviews the required steps for adding a design storm using IDF curves.
For this example, we will be using IDF curve parameters available from the Windsor/Essex
Regional Stormwater Management Standards Manual provided by the City of Windsor
located in Ontario, Canada.

1.  Duplicate the current scenario in the same folder, with the name "Valleyfield IDF",
the abbreviation "IDF', and the description "Bonus IDF rainfall example'.

2. Click on the Plan ﬂ (scenario manager) button in the toolbar of the Project panel

|
3. Inthe Scenario Manager, click on the Add + button and select Duplicate Current
Project.

4. In the Create Scenario(s) dialog name the project Valleyfield IDF.

5. Specify the location where your exercise is located (e.g. PCSWMM
Exercises\ K018\ Initial).

6. Enterin the Abbreviation to be IDF.

7. Edit the Description (Title) text fo read Pre-development peak flow estimation
(Bonus IDF example).

8. Click the Create button

9. Click on the Graph tab to open the Graph panel.
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10. Click on the Add + button in the Graph panel to open the Design Storm Creator.

11. Under Type click on Chicago and then select the IDF... button to open the IDF
Editor.

12. Click on the Add EII]' button to add a new IDF curve and select abc table from the
list of options.

13. Change the name to Windsor_IDF and change the Rain units to mm/hr.
Enter the numbers presented in the tables below.

Note: to copy and paste the table directly into the IDF editor, copy the table to Excel,
highlight the a, b, ¢ values and paste them in the Editor (right mouse button click > paste).

Return Period a b c
2-Year 854 7.0 0.818
5-Year 1259 8.8 0.838
10 - Year 1511 9.5 0.845
25 - Year 1851 10.2 0.852
50 - Year 2114 10.6 0.858

100 - Year 2375 11.0 0.861

Toggle the visible boxes beside each Return Period to see the IDF curves.

IDF Editor

IDF files: oA 0 R Name

W x

BostonlMA — Depth
City of Guelph IDF Parameters
City of North Bay

Golden Glen

IDF - Rational method
IDF_SSA_Comparison

100~

IDF_Values - SWMM Model
IDF_Values

North Canton
Northshore Cold Lake
TORONTO INTL A
Wichita
Windsor_IDF

i
3
2
]
5
Rainfall intensity (mmiti)
s
I

fo 15 20 30 dosoco IR {0 15 dods

Duration (minutes|hours)
e = hrs. hrs. hrs hrs
) 1259 88 0838 139.575  107.716 884 58693 36318 | 21474 15.586 8.893 5.025 2826

Visble | a b

Smins | 10mine | 15mins  30mins  60mins 2

1851 | 10.2 | 0852 | 18217 |142.971 118.417 79544 49468 | 29225 2116 11998 6726 | 3749
2114 | 106 | 0.858 |200.172 |157.691 |130.868 | 88.103 | 54.806 | 32331 | 23.375 | 13212 | 7.38 | 4097
2375 1 0861 218231 172676 143672 97.064 60496 35702 25804 14569 8125 | 4503

¥
IIIII E
g

O EEE

Apply abe From Selected Retum Period

0
iy
(|

14. Click on the 5 year return period by selecting the row from the table and click on
the Apply abc From Selected Return Period.

15. Change the Storm duration to 4 h.
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Design Sterm Creater ? X

Type: Name:

a
Chicago 1= r “B)° IDF. Chicaga_dh
Symmetric b = 5
s a e | abctime units )
NOAA ] s (08 mn - Chicago_4h
NRCC r [035 140
MSE
Storm duration |4 h
AES 120
Huff Raninteval [0:05 |+ | hmin b
Calfomia Ranformat | INTENSITY |~
Nevada 100

Florida Type Il RE\H}SH
Hunicane Hazel (Southem Ontaro) )
T Stom (Notthem Grtars) 000 2401

Time: (H:M)

Rainfall (mm/hr)

South Afica SCS 005 259
Calgary 010 277 60
Edmonton 0:15 2973
0:20 32n 40
025 3453
030 3832
20
035 1269
040 4773
o
048 st 12 Tue 1AM 2AM 3AM 1AM
050 6361 ~|  Feb2019 DatelTime
Create Time Series & Setp Model | Create Time Series Cancel

The Design Storm Creator tool will still be opened and the Chicago Type distribution will be
selected, displaying the a, b and ¢ values from the 10-year design storm.

16. Click on the Create Time Series & Setup Model button.
17. Click on the Map tab to open the Map panel.

For this model we will be using a fixed stage outfall. Fixed stage outfalls are used to model a
constant boundary condition. When a fixed stage outfall is used, any upstream junctions with
invert elevations equal to or less than the fixed stage will have water in them initially. If this is
not accounted for, instabilities can result causing high routing continuity error values.

18. Select the outfall and, change the Type to Fixed and set the Fixed Stage to 152.5
ft |46.5 m.

19. Click on the Run Q button to run a simulation and update the results.

In the Graph panel, expand the results and plot the new flows in all the conduits (SWMM5

Output > Links > Flow and right click > Select All). Take note of the backwater flow through
Cs8.

B SWMME output
- [ Subcatchments
- [ Modes
- [= Links
- [# Capacity
- [ Depth {m)
= W Select all —c E] 2 o o es [ g— o
[l Deselect All e
-] C2
-] C3 Delete Function 06
-] C4
- C5
-[v] C6
M C7 "
-[v] C8
-4 C9
- [ Velocity {m/s) (
- [# Wolume (m?)
- [+ System
B Design storm library tmp
"Bl General

" Rairfall (mm/hr)

Chicago_3h (& .

Rainfall (mi

- ek e e

Properties...

Flow (mP/s)
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3. System evaluation using multiple
return period design storms

This exercise illustrates how to quickly set up and evaluate model response to multiple design
storms.

Stormwater infrastructure design should take into account watershed pre-development
drainage patterns and watershed boundaries as a strategy to maintain natural site
conditions.

In some cases unit relationships are available defining the unit peak flows for a boundary. If
these are not available, it may be useful to compare the runoff response of the to-be model
to an as-is model, as demonstrated here.

Written by request for the Toronto and Region Conservation Authority (TRCA), this chapter is
based on requirements outlined in Section 3.2 of TRCA’s Stormwater Management Criteria
Manual and evaluates a new development design using 2, 5, 10, 25, 50 and 100-year design
storms.

‘ww PCSWMM 2017 Professional 2D -- Valleyfield as-is, 50 Year - o X
File Project Map  Table | Graph | Profile  Defails  Status  Documentation Attibutes | Notes  “dp
=EY- = N EYRTEE S & e | 2 [ 2] =N
S = U U : =
HalD0 o | @lar0 ) P x M =@
Pl we Pack Run Menu Print | Open Save Add Copy Paste Delete Find Tools Pm[smea‘&er‘arms Favortes. Menu Replace Graph Profile | View

I System 100 Yearas-is [ System 100 Year to-be

50—
100
Time series manager

B) SWMMS output " 08l

e Outfall
T T T T T T T T T
6Wed 3AM BAM 9AM 12PN 3PM 6PN 9PN 7Thu 2377 07)
Oct2004 DaterTime 015025677,
Data | Objecives | Eror | Siorage | Pattems | Edt | Denve | Audt | Everts || Scatter | Duration -
Objective functions for | Runoff fm/s) - £ Opions ~ 2 NO
From 10/5/2004 10:48:0 Rairfal gnm/hr) [N Goner ;57
Runof fm/s) Exceedance: NO
Masimum Runoff r¥/s) 04265 1229 0
Mirimum Runoff {m¥s) 0 0 Runcff (m/s) —
Me 0.02101 003917 Defici. 0
Sy D, fances ) 2% 2% o
D 196 0.1667
Number of Exceedances 1 1 1 =
Number of Deficts 2 1 )
Volume of Exceedances () 1814 3382 e et
e o Delcia 2 Fi
| Tote! Runcff m) 1814 38 |
B\ (2 res 1wh Y
Auto-Length On » || Offsets: Depth  + || CMS ~ || SWMME101T = || UNKNOWN - Runoff: 0% | Routing: 0% || Resuts iptodate | ,;

3.1 Opening and grouping as-is and to-be models

We will begin by linking the pre-development and post-development models as scenarios.

1. Open the Valleyfield as-is.inp file from the PCSWMM Exercises\ K021\ Initial folder.

2. Inthe File tab, click the Open i} button.

3. Browse and open the project PCSWMM Exercises\ K021\ Initial and select Valleyfield
as-is.inp.

4. A dialog will appear showing a default location to unpackage the model: click on
the Unpackage button then the OK button.
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5. Add Vadlleyfield to-be as a scenario.
6. Click on the Plan ¥ button in the Project panel to open the Scenario Manager.

7. In the Scenario Manager, click on the Add “ button and choose Add Existing
Project.

8. Open the Valleyfield to-be scenario.
9. Browse to K021 \Initial and select Valleyfield to-be.inp then the Open button.

10. Click the Close button to close the Scenario Manager.

3.2 Loading design events in the Graph panel

For this exercise we will be evaluating the pre- and post-development models using multiple
design storms. Let's start by creating a 100-y storm.

1. Click on the Graph tab to open the Graph panel.

2. Select the Add B button to open the Design Storm Creator.

3. Select SCS from the list of design storms.

4. Change the total rainfall to be 3.5in| 90 mm.

5. Choose a Type Il storm and set the Storm duration to 24 hours.

6. Leave the Rainfall interval set to 15 min and the Rainfall format set to Intensity.

7. Edit the Name to be 100-Year.

Design Storm Creater ? ®
Type Name:
Chicago Total rainfall 50 mm 100-Year|
SUnAIEE Type | Typell -
— 100-¥
fana Stom duration | 24 hour - Year
NRCC Rain interval | 15 minute 1104
MSE
Rainfomat | INTENSITY | =
AES 100-]
Rairtal -
Huft Time (H:M) Pt 90
Calfomia
Hevada 000 059 20
Florida Type Il 015 039
= 70
Huricane Hazel (Southem Ontario) 030 039 £
£
Timmins Stomm (Northem Ontario) 0:45 09 E &0
South Afica 5C5 100 059 =
£ 50
Calgary 115 0% &
Edogia 130 0.99 40-|
145 039 a0
200 117
215 117 20
230 117 104
245 117
0
300 117

14Wed 3AM  BAM  9AM  12PM 3PM 6PM  9PM  15Thu
315 117 ~| Dec2016 DatefTime
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8. Click on the Create Time Series button to create the 100-y time series (please note
the screenshot shown is in Sl units, US units will differ).

3AM AN 9AM

D Gechves Eror | Sorage | Paters | | Derwe | Akt Evects Scater  Durstin

We will now repeat the steps 2-8 above to create the 50-y, 25-y, 10-y, 5-y
and 2-y storms using the SCS 24h Type Il design storm distribution. The
table below summarizes the Total rainfall values and Names to be used
for each storm.

Name Total rainfall - US (in) Total rainfall - SI (mm)

1
]
[W5]
=]
[sa]

3

(e

[
a [
! [t
[ L
[0 =1
[s |
I (%]

(W3]
[0y

o

)

{=¥)
.
-

3.3 Saving design storms

We will now save the fime series as a single fime series file by consolidating the graphed time
series.

1. Click the check box next to each design storm time series to plot it in the Graph
panel if it is not plofted already.

Time series manager

B Valleyfield design storms tsb
"Bl General
" B Rairfall {mm/hr)
-] 10 Year
-[w] 100 Year
-[v] 2 Year
-[#] 25 Year
-[w] 5 Year
<[] 50 Year
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3.

@ PCSWMM 2017 Professional 20 -- Velleyfeld to-be. - o x

File Project Map Table Graph Profile Details Status Documentation Aftributes Notes
o = 2 © =
= i) ® Wx o - By o
B8O =40 EH+D W -4 | 9 )
Simulation Options 100 Year 50 Year 25 Year 10 Year 5Year 2Year Project Notes.

Climatology
10

100

Rainfall (mmihr)
T
t

100 Year

j.ji.i

? T T T T
Wed 3AM 6AM 9AM 12PN £ 6PM oM 7Thu

6
Oct 2004 DaterTime

Data | Obiectives | Eror | Storage | Pattems | Edt | Derve | Audt | Events [ Scatter | Duration s
AutoLengthOn ~ || Offsets: Depth _ + [CMS + || SWHMM51.011  ~ | UNKNOWN - Noresuts avaieble

Click on the Save =l bufton in the Graph panel and select Consolidate.

Graph Profile Details Status Documentation
| i T - - a®,
| B0 WX 2
Open Save Add Copy Paste Delete “tent Find Tools Properties Scenarios
| 100 save file | | S5year [ 2-ye
Save as_

Save 'Design storm library tmp’ to & new file.

Consolidate
Save all currently graphed time series to a single file.

Browse to the K021 \Initial folder and name the file Valleyfield design storms.tsb.

Click Save.

3.4 Generating return period storm scenarios for to-be model

In PCSWMM, scenarios can be created using graphed or saved design storms. This allows the
user to quickly generate multiple scenarios and run them. In order to reduce computational
time, it is useful fo have multiple CPU cores in your computer. The first thing we will do is set up

PCSWMM to leverage all of the available cores.

Set PCSWMM to use all of the CPU cores available on your computer.

1.
2.

Open the Map panel, click on the Menu = button and select Preferences...

Click on the Grid tab and change the number of cores being used to the total

number of cores available on your computer.
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Preferences ? X

General | Map | Gid | Google Earth

This computer:
IP address: 152.168.0.87
Listening port: 5000

Use 8 of the 8 CPU cores on this computer

v Vel

v | Run scenarios in parallel

Use computational grid Grid computers...

0K Cancel

We will now generate 6 scenarios, one for each design storm.

9.

10.

Click on the Run i"/ button to run the current scenario.

Use the Create Design Storm Scenarios tool to create and run scenarios from the six
currently graphed time series.

In the Project panel click on the Plan # button.

Click on the Add # button and select Create Design Storm Scenarios from the
drop-down menu.

In the Create Design Storm Scenarios tool, use the Browse 'I | button and navigate
to PCSWMM Exercises\ K021\ Initial and click OK.

Select the Design storm source to be From file and use the Browse i} button and
navigate to PCSWMM Exercises\ K021\ Initial, select Valleyfield design storms.tsb
and click OK.

Leave the Simulation period set fo Storm+ (0 hrs).

Click on the Create & Run button

This will create 6 new scenarios and run each one with their corresponding rainfall time series.
If you have multiple cores, the scenarios will be run in parallel, reducing computational time.
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Create Design Storm Scenarios ? X

Create a scenario for each design storm, based on the cumently open project.

Destination folder for new scenarios:
C:M\UsersKaren Finney\Desktop \PCSWMM ExercisestK021\Initial i)

Design storm source:
Currently graphed
® Fromfile top\PCSWMM Exercises\K021\Initial\Valleyfield design stoms tsb|  }§

Simulation period:

Fixedat 24 hours
® Siom- 0 hours
Abbreviation prefix:
Results: & scenarios
Scenario name Abbreviation Color Wamings
R
Valleyfield to-be, 5+year Syear
Valleyfield tobe, 10vear 10year
Valleyfield to-be, 25year 25vyear ||
Valleyfield to-be, S0year S504ear
Valleyfield to-be, 100+ear 100year | |

Create & Run Create Cancel

3.5 Generating return period storm scenarios for as-is model

We will now create the design storm scenarios for the as-is model. We first need to switch to
the as-is model scenario and then repeat the steps above to create the as-is design storm
scenarios.

1. Click on the Plan Y button in the Project panel to open the Scenario Manager.
2. In the Scenario Manager, double click on the Valleyfield as-is scenario to open it.

3. If an option comes up to Save time series, click Save time series. In the Graph

. ] " .
panel, click the Save =) button and choose Save file to save changes to the time
series. Repeat steps 1 and 2.

4. If an option comes up to save the project click Save project.

-

5. Once the scenario has loaded, click on the Run J butfton to run the model.

6. Click on the Plan e button in the Project panel to open the Scenario
Manager again.

7. Use the Add ff button to create and run é design storms scenarios for the as-is
model using the Valleyfield design storm.tsb file. Refer to steps above in the
previous section if you get stuck.

3.6 Recoloring scenarios

To better understand the results, we will recolor the scenarios to each have a unique color.

1. Click on File > Manage.
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The scenarios will be grouped together in the Manage fab.

Hover on top of the group of scenario files until a blue box appears (as shown in the
screenshot).

w PCSWMM 2017 Professional 20 - Velleyfield to-be: - o x
File | Froject Mep  Tabie  Grsph  Froils  Dewils  Stsus  Documentsion
&l seve z
Recent Projects - News and Notes
Wl svess
W Open iC ‘3 Stay up to date on PCSWMM x
& Gone FIN Ul What we 12 WOTKINg 0N and be on top ot new
Jourmal papars, UpComIng sducational oppartunitss
and mara
- 00006
New
New version of PLSWHMM is availabla!
1mport Weve released PCSWHM version 7.0, wilh support for
SWMME version 5,0 013 -6 1,011 3nd much mar
i Downlosd PCSWMN 7.0 to actess the new feahires
You will need to ciose your current version Betore
Save & Send instaling this update
International Conference on Water
Lavout Management Modeling (Feb 28 & Mar 1, 2018)
Submit your abstract today and join us atthe naxt
Halp ICWAIM

‘u‘d\'q'ﬁddm-" Vi id d as-is. PCSWMM + EPA SWMMS Training Workshops
25 Year

Over 35 PCSWIMMISWAIS CI55M00m WOrKShops are

X Fload Anslysis
planned sach ysar acmss LSA, Canads, Eurapa.

Frosion China and Soulh Aica Floase see the full st of
0 in our workshops zection. I yeu would ke lo
= n your locatien, i
small us at Infog@chiwater.com
Immediately Upcoming Warkshops
ik Rapating Gualph, ON - Agril 19 & 20, 2017
— Seatile. WA- April 13 & 20, 3017
: Nashle, T - Aprll 26 & 27, 2017
E:pefaulty Ouzwa. ON-May 3 5.4, 2017
+ Preferences
e Upcorning South Afica Wor v
Cape Tawn, South Alfca - June -8, 2017
o 5 5| Cape Town, South Affica - Jun

2. Click on the Menu = button.

3. Choose Color by > Sequential. The scenarios will now be re-colored sequentially.

- M 2017 Professional 2D - Valleyfield to-be - o x
File | Project Map  Table Graph  Profle  Details  Swtus  Documentation
] save .
= Recent Projects - News and Notes
i savess..
J open Stay up-to-date on PCSWMM A
& dose " Find outwhat we are working on and be on top of new
Journal papers, upcoming educational opperiunities
andmore
000006
Valleyfield tobe: S
New Valleyfield as-is 100 Year
New version of PCSWMM is available!
Import We've released PCSWIM version 7.0, with supportfor
SWMMS version 5.0.013-5.1.011 and much more.
Bt Download PCSWNI 7.010 access the new features
You will needto dose your current version before
Save & Sand installing this update
International Conference on Water
Lot Management Modeling (Feb 28 & Mar 1, 2018)
Submit your abstracttoday and join us at e next
Help ICWHM
yaleyfldosis PCSWIM + EPA SWMMS5 Training Workshops
[ Fiood Analysis =i Over 35 PCSWMIWSWMIS classroom workshops are
planned each year across USA, Canada, Europe,
Erosion China and South Arica. Please see the fulllist of
locations in our workshops secion. If you would like to
s help organize aworkshop nearer your location, please
B email us atinfo@chiwater.com.
Immediately Upcoming Workshops:
Reporti
| Reporting Guelph, OM - April 19 & 20, 2017
Seatile, WA- April 19 20, 2017
Nashuille, TN - April 26 & 27, 2017
Ottawa, ON - May 3 & 4, 2017
Gt Preferences
Upcoming South Affica Workshaps: v
(=5 5 5| Cape Town, Souih Afica - June £-8, 2017

3.7 Evaluating results

Now that the design storm scenarios have all been created and run, their results can be
compared with a number of tools in PCSWMM. As an example, we will do a hydrograph
comparison.

1. Switch scenarios by clicking on the Plan 2 button in the Project panel and select
one of the design storm scenarios.

2. Switch to the Graph panel.

3. Inthe Time series manager, graph Nodes > Total inflow > Ouffaill.
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4. Click on the Scenarios £ button in the Graph panel.

5. Add a"fto-be" or "as-is" suffix to the design storm depending on which parent
scenario it came from. Refer to the screenshot.

Color | Misible Abbreviation Project Name
mm [ Valleyfield to-be Valleyfield to-be
O Valleyfield as-s Valleyfield ass
. 100 Year to-be Valleyfield to-be, 100 Year
mm [ 50 Yearto-be Valleyfield to-be, 50 Year
O 25 Yearto-be Valleyfield to-be, 25 Year
. [ 10 Yearto-be Valleyfield to-be, 10 Year
| O 5 Year to-be Valleyfield to-be, 5 Year
- [ 2 Yearto-be Valleyfield to-be, 2 Year
100 Year as-is Valleyfield as-z, 100 Year
- [ 50 Year azs Valleyfield asds, 50 Year
O 25 Year azis Valleyfield asds, 25 Year
mm O 10 Year as-s Valleyfield asqs, 10 Year
mE [ 5 Year asds Valleyfield asds, 5 Year
O 2 Year asis Valleyfield asds, 2 Year

Select all Close

6. Un-check the current scenario and check both 100 year events (to-be and as-is).
7. Inthe Graph panel click on the Objectives tab.

8. Compare the maximum and total inflows of the to-be model using the Objective
functions table at the bottom of the screen.

9. Repeat steps 4-6 to compare each of the remaining design storms (50 year, 25
year, etc.).

10. If any revisions fo the model are required, make the changes in the original to-be
scenario and regenerate the design storm scenarios — the existing scenarios will be
overwritten.

3.8 References

Toronto and Region Conservation. 2012. Stormwater Management Criteria Draft. Version 1.0.
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4. Simple Storage estimation

This exercise illustrates one method of reducing street flooding by sizing a detention pond o
attenuate lateral inflow from a subcatchment.

4.1 Open and run the project file

—

Open Selected Conveyance.inp from the PCSWMM Exercises\ K043\ Initial folder.
Launch PCSWMM.

Click File and then the Open button.

A w0

Browse to the folder PCSWMM Exercises\ K043\ Initial, select the Selected
Conveyance.inp file and click the Open button.

5. Click the Run % button in the toolbar of Project panel.

4.2 Find surcharging pipes

1. View the profile from the upper node 80408 o the outfall node 10208.
In the Map panel, click junction 80408.
Hold down the Shift key and select the outfall, 10208.

A »0Dd

Click the Profile tab to switch to the Profile panel.

5. In the Profile panel click on the Menu == button and select Show Peak Values to
view the peak HGL (hydraulic grade line) for the selected pathway.
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In this model, conduit 1602 is undersized and causing pipe surcharging and surface flooding
in the upstream branch of the drainage network. The purpose of this exercise is to try and
reduce the flooding by inserting an off-line detention pond between subcatchment 1 and
node 82309 to attenuate the flows coming into the system from subcatchment 1.

6. Return fo the Map panel by clicking the Map tab.

This approach involves determining the excess capacity of conduit 1602 without the
contributing runoff from subcatchment 1. A storage pond will be then created for capturing
the runoff from subcatchment 1, and an outlet will be designed to release a maximum peak
flow to node 82309 that can be accommodated by conduit 1602. Alternative solutions may
include digging up and replacing conduit 1602 with a larger diameter pipe, and/or placing
a cross-connection to the other branch of the system upstream of conduit 1602.

4.3 Determine excess capacity of a conduit

To begin with, let's create a scenario model to work on:
Duplicate the current scenario, name it Selected Conveyance Scenario, and open it.

1. Click on the Plan button in the Project panel.

2. Click on the Add - button and select to Duplicate Current Project '—\J
3.  Name the new scenario Selected Conveyance Scenario.

4. Click on the Browse button and navigate to Desktop\PCSWMM
Exercises\ K043\ Initial.

5. Click on the Create button.

6. Click on the Plan H button if the Scenario manager is not already open, select the
newly created scenario and click on the Open button.

7. Click the option to Save the current project.
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Now we will remove subcatchment 1 from the system by directing it to another inlet. In
the Map panel:
8. Select the Ouffalls layer item in the Layers panel.

Click the Add 4 button in the toolbar in the Map panel and click in a blank area

9.
of the map northwest of node 82309. The name of the outfall will be placed as 4.

10. Click the Select ‘ button in the toolbar and select the Subcatchment 1.

11. In the Attributes panel, change the Outlet attribute value to 4.

12. Click the Run e button in the toolbar of Project panel to update the results.
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13. Select the pathway from the upper node 80408 to the outfall node 10208 and click
the Profile tab to view the new peak HGL without the contributions from

subcatchment 1.

Conduit 1602 is almost at pecak capacity; however, we should be able to attenuate the flow
from subcatchment 1 enough with a detention pond to prevent surcharging.

Now we need to find the maximum hydraulic capacity of conduit 1602 and subtract the
current peak flow to find the available capacity.

1.

Click the Status tab to switch to Status panel.

In the Sections list of the Status panel select Cross-sections. The full flow for conduit 1602

should be 32.5 cfs|0.92 m3/s.

File | Project Msp  Table

a9,

Plan Save Pack | Run Selected Conveyance

Simulation Options

Graph

Cross Section Summary

Climatdlogy || sawwssssnsss

Rain Gages

Time Series

*********

Profile Details Status Documentation

- 1030

Sections 1400

Top of File

T
Analysis Options 2040

Full Full Hyd. Max. No. of Full
Conduit Shape Depth Brea Rad. Width Barrels Flow
CIRCULER 1.37 1.48 0.34 1.37 1 2.46
1570 CIRCULER 0.91 0.66 0.23 0.91 1 0.71
CIRCTILER 137 142 034 137 ] 14

I1602 CIRCULER 1.01 0.79 0.2% 1.01 1 0.92 I
TS TRC 37 TIT ap ™37 T ™Te
CIRCULER 0.91 0.66 0.23 0.81 1 0.97
8060 CIRCULER 1.07 0.89 0.27 1.07 1 1.06
2100 CIRCULER 0.91 0.66 0.23 0.91 1 0.75
CIRCULER 0.91 0.66 0.23 0.81 1 0.68

Input Summary
Raingages 2130
Subcatchments

Nodes

Links

NOTE: The summary statistics displayed in this report are

Cross-Sections based on results

Coninuity Errors

found at

not just on results from

every computational time atep,
each reporting time step.

Stability Results

Select Link Flows from the list of sections to jump to the Link Flow Summary section,
you will see Maximum Flow for Conduit 1602 is 35.15 cfs| 1.0 m3/s. This
leaves 2.65 cfs | 0.08 m3/s as the maximum allowable conftribution from

subcatchment 1.

Now we can design our pond and ouflet structure. To do this we can apply one of
the Tools in the Graph panel to compute runoff from subcatchment 1 (i.e. the flow at

Click on the Tools P button and select Storage Pond Calculator.

In the Time Series Manager, expand SWMM5 output > Nodes > Total inflow and
select the location 4 by clicking on the check box.

location 1).
3. Swifch to the Graph panel.
4,
5.
6.

In the Storage tab af the boftom of the panel, enter a Maximum design
outflow value of 2.65 cfs | 0.08 m3/s — The part of the Total inflow graph should be

filled in blue.

For the sake of this exercise Available storage before outfall will be left at 0 (please note the
screenshot shown is in US units, Sl units will differ).
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Total inflow (cfs)

25Fn
Sep 1998 Date/Time

BAM

| Data | Objectives | Eror | Storage | Pattems | Edit | Derive | Audit | Events | Scatter | Duration | IDF | [v]
Storage requred for | 4 Totalnflow (cfs) [~]
From 5/24/1388 11:36:21 PM to 9/25/1938 8:23:59 AM (8.73 hours)

Avalable storage before outiow: 0| 2

Maximum design outflow ofs

‘Storage volume required to obtain a peak flow of 2.65 cfs at location 4is 142709. 78 ft%

The storage function should report a required storage volume of about 142,709 13| 4,024 m3,
So we now know we need a pond that can store about 142,709 ft3| 4,024 m3 and have a
maximum outflow of 2.65 cfs | 0.08 m3/s at its maximum capacity.

4.4 Insert a storage pond in the existing model

We will now insert a storage pond and link it to both subcatchment 1 and node 82309.
1. Return to the Map panel.

2. Click the Outfall 4, right click and select to Convert > Storage.

& Show Profile
|5 Show Graph
W Edit
Push...
Reverse Link

Edit Parts...

Geo-referenced

R Delete

Now add an orifice to connect the storage facility to the drainage system:
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1. Click the Orifices layer in the Layers panel.

2. Click the Add “ button in the Map panel toolbar.

3. Draw an orifice link between the new storage node and the existing node 82309.
This is done by clicking once the upstream node (our storage node 4) and then
clicking the downstream node (82309).

4. Click the Select W button in the toolbar to escape from the Add shape mode.

Now we need to enter the attributes for the storage node and orifice link entities. The
detention pond will be defined as a constant area pond (a tank) for simplicity.

5. Click the new storage node 4 to select it and edit its attributes.

6. Check to see if the Depth attribute is grayed out in the aftributes panel. If it is, select

the Depth aftribute and click on the Auto-expression jx button that appears in the
value field. In the Auto-expression editor, click on the Calculate Rim Elev.
Instead button.

Update the attributes for storage node 4 as follows:
Invert El. = 113 (ft) | 34.5 (m)

Depth = 6.6 (ft) | 2 (m)

Storage Curve = FUNCTIONAL

Coefficient =0

Constant = 21,623 ft2| 2,012 m2

For the orifice link, we will use a discharge coefficient of 1 (assuming a smooth round over
entry for our circular orifice). We will place the orifice at the bottom of our tank, which will
produce a head of approximately 7m. Using Q=AVK, where V=sqrt(2gh)=~6.3 m/s, we get an
area of ~0.013 m2 (using A=pi*r2 this gives a diameter of about 0.13 metres).

7. Click the orifice link in the Map and enter the following attribute values in
the Atiributes panel:

Type = SIDE

Shape = CIRCULAR

Height = 0.42 (ft) | 0.13 (m)
Width =0

Inlet Offset = 0

Discharge Coeff. = 1

8. Click the Run ¥ putton in the toolbar to save your changes and execute a SWMM
run.

After the SWMM run is completed, we are now ready to test this approach. In the Map panel,

9. Select a pathway from storage node 4 to outfall 10208 and view the HGL (profile).
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10. Click the Profile tab to switch to the Profile panel.

11. Click the Play ‘& button to view the peak HGL.
The peak HGL should not be surcharging. Note the peak flow through the orifice.
12. Click the Graph tab and expand Nodes > Depth > 4 and Links > Flow > 91001.

20
18-
16

25Fn 340 &AM
iy

4.5 Substitute the orifice with an outlet

Replace the orifice connecting the storage tank 4 and node 82309. Outlets are used to
control outflows from the storage tank by its rating curve as a function of the head difference
across it.

1. Click on the Map tab to open the Map panel.
2. Select andright-click orifice 91001 in the Map panel.

3. Inthe pop-up menu, choose Convert > Outlets.

ES  Show Profile
5] Show Graph
W Edit
Push
Reverse Link

1600

4. Inthe Atiributes panel, change the Rating Curve to TABULAR/DEPTH.

5. Clickin the Curve Name textbox and click the ellipsis |- | button.
6. Create a new curve by clicking Add in the Rating Curve Editor.

7. Leave the name as Curvel.
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Enter data as the outlet discharges no flow when zero head and maximum outflow of the

storage tank (0.08 m3/s) at the maximum head. Enter the values as shown.

8.

Execute a SWMMS5 Run & and check the profile to ensure Conduit 1602 is not surcharging.

Head (m) ?:-.T,:T Head (f) | Outflow (cfs)
0 0 0 0
2 0.08 6.6 35.3
3 0.08 7.6 35.3
S| units US units

Cick the Assign to Outlet91001 button.
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5. Modeling LIDs (Valleyfield, Quebec)

Low Impact Development (LID) is a ferm used to describe a sustainable storm water
management approach that emphasizes conservation and water quality protection. LIDs
are becoming more common in new developments and are also being implemented in
older subdivisions in order to promote infiltration, reduce storm water runoff and improve
receiving water quality. As such, LID devices are typically used to intercept, store and
infiltrate some of the rainwater before it reaches the conveyance system. In this exercise we
illustrate one way of assessing the potential reduction in storm water runoff by modeling a set
of boulevard planters.

Multiple LIDs can be placed per subcatchment, and the LID function estimates overflows,
infiltration flow and evaporation in Rain Barrels, Vegetative Swales, Porous Pavement, Bio
Retention Cells and Infiltration Trenches. With some limitations, component process layers
that can be used in each LID include:

Surface,
Pavement,
Sail,

Storage, and
Drain.

Output includes a LID summary in the Status report (.rpt) file and an external report file giving
computed surface depth, soil moisture, storage depth, surface inflow, evaporation, surface
infiltration, soil percolation, storage infiliration, surface outflow and the LID continuity error
(which usually can be reduced by a smaller wet hydrology time step). The time series
contained in the external report file can also be plotted in PCSWMM.

Hydrologic . .
yo il tg Pervious Pervious
utle . M
'-. # Optional 4 Optional
i | Subarea i 1 Subarea
. *:'\’:'r Routing Hydrologic =7 Routing
Outlet
Impervious . Impervious
LID Overflow ORI — — — — — — — — — — — — — Runon
: LID Overflow
+ Drain Flow LID Treatment © DESIRTIow
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5.1 Opening the model

1. Open Valleyfield to-be.inp from the PCSWMM Exercises\ K031\ Initial folder.

Launch PCSWMM.

2. Click on File and choose Open i) from the list of options.

3. Browse to the folder PCSWMM Exercises\ K031\ Initial and open Valleyfield to-
be.inp file.

4. Open & the H64020_r14_Residential.dxf and photo-grande-ile.jpg background
layers from the same folder.

5. Click the Open “ putton in the Map panel.

6. Click on the Browse button and browse to the folder PCSWMM
Exercises\ K031 \Initial.

7. Select two files (holding the Cirl key down) H64020_r14_Residential.dxf and photo-
grande-ile.jpg and click on the Open button.

5.2 Creating a long term simulation

In order to assess the LID performance it is helpful to run a contfinuous time series. For this
example, an external 5 year continuous rainfall time series will be used.

1. In the Project panel, click on Rain Gages to open the Raingage Editor.
2. Click Add to create a new rain gage object, and change the name to 1991-1996.

3. Set Rain Format to Intensity, and Time interval to 0:15.

4. Change the Data source to be File and click on the ellipsis |- | , browse to PCSWMM
Exercises\ K031\ Initial and select 6158733_1991-
1996_disaggregated_following_intensity.dat.

5. Inthe Station ID box type in 6158733 and set the units to mm (even if working in US
units).

6. Check the Plot data file time series checkbox to preview the rainfall fime series, as
shown in the screenshot below.

7. Click the OK button to save your changes and close the Raingage Editor.
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10.
11.
12.
13.

Raingage Editor

Rain Gages | Radar Rainfal

Raingages:
1991-1996
Hydrotech10y

6158733

Properties
Attributes
Name 1991-1996
¥Loordinate 80
f-Coordinate
Description
Tag 70
Rain Format INTENSITY
Time Irterval D:15 60
Snow Catch Factor 10
Data Source FILE = 504
File Name C:\Users'\Ellen Hachbom'Deskt| £
Station 1D 6158733 E
Rain Units MM = 404
=
&
30
20
Name 10
User-assigned name of rain gage.
0—
1991

T T T T T
1992 1883 1994 1885 1996

Date/Time

Design Storm Creator... QK

T
1997

Cancel

Assign the 1991-1996 rain gage to all subcatchments.

In the Layers panel, select Subcatchments.

Press the Ctrl + A keys to select all of the subcatchments.

In the Attributes panel set Rain gage o 1991-1996.

Click on Simulation Options in the Project panel.

Under the Dates tab, set the simulation options to be the same as shown in the

following screen capture.

Simulation Options

General

Dates

Time Steps
Dynamic Wave
Files

Reporting

Start analysis on

Start reparting on

End analysis on

Start sweeping on

End sweeping on

Antecedent dry days

Set simulation period
from time series

Date (M/D/Y)

Time (H:M:5)

[12/23/1390

-

[ 20000 =

v | Sync

[12/29/1930

-

[ 20000 F&

Duration (h)

[12/29/1996

-

[ 50000 F&]| | 52611

QK Cancel
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14. Open the Time Steps tab and change the Routing time step to 60 seconds if its not

already.
Simulation Options ? *
General
Days Time {H:M:S)

Dates

Reporting 0 £ 00500 F£
Time Steps
Dynamic Wave Runaff: dry weather 0 = 00500 =
Files
Reporting Runoff: wet weather 0 4 0:05:00 F=

Routing ] seconds

v | Skip steady flow periods

System flow tolerance 5 B
Lateral flow tolerance 5 =
0K Cancel

15. Click on the OK button to save your changes and close the Simulation
Options editor.

16. Click on the Run & button in the Project panel to run the model.

5.3 Creating a LID Scenario

Now that we have a baseline model run for the 5 year period, we can create a new
scenario fo model the LID devices.

1. Create a duplicate scenario named Valleyfield LIDs and open the new project.

2. Click the Plan # button in the Project panel, click on the Add * button and
select Duplicate Current Project.

3.  Name the new scenario as Valleyfield LIDs and click Create.

4. Click the Plan H button and open the new scenario by double-clicking on the
new Valleyfield LIDs model.

5.  Choose to Save Project if prompted.

6. Load the LIDs.shp background layer in the Map panel.

7. Click the Open layer *# button in the Map panel.

8. Click on the Browse button and browse to the folder PCSWMM
Exercises\ K031\ Initial and open the LIDs.SHP layer.

9. Inthe Layers panel, drag the LIDs.SHP layer to the top of the list of layers.
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10. Unlock the LIDs layer by clicking the Lock/Unlock '131 button.

Note: The LIDs layer is a polygon layer that was created in order to represent the boulevard
planters (see image below), however the LID analysis can be performed without physically
adding any new layers to the PCSWMM interface, allowing both small scale and large
infrastructure projects to be easily modeled using the SWMMS LID extension.

5.4 Defining LID attributes in LID toolbox

Each type of LID control is represented by a different combination of vertical layers. For
example, the parameters defined when modelling porous pavement include surface,
pavement and storage layers, but when modelling a vegetative swale only the surface layer
is to be defined.

Parameter values for these layers can be obtained from the Reference tables on the
PCSWMM support site, as well as through engineering drawings, and other hydrology
literature values in textbooks and reports. The Reference tables include values for surface
roughness, and soil infiliration parameters. In addition, the LID Control Editor reference article
on the PCSWMM support site offers guidance for other LID parameters, such as clogging
factors and drain coefficients.

The table in the image indicates which combination of layers applies to each type of LID (x
means required, o means opfional).

LID Type Surface | Pavement Soil | Storage | Drain | Drainage Mat
Bio-Retention Cell X * x o

Rain Garden X bt

Green Roof ¥ ¥ %

Infiltration Trench X X 0

Permeable Pavement ¥ X 0 X 0

Rain Barrel x X

Rooftop Disconnection X X

Vegetative Swale ¥
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In this example we will be modelling boulevard planters which would have similar properties
as a bio-retention cell.

A bio-retention cell consists of three layers: surface, soil and storage, along with 8 modeled
processes. Below is a diagram illustrating the layers and component processes to be defined
in the LID editor.

Now we will define these three layer using PCSWMM.
1. Inthe Project panel click on LID Controls to display the LID Control Editor.

2. Inthe editor click Add to create a new LID object, and change the Name of the LID
fo Street_Planter.

3. Inthe LID type drop down box select Bio-Retention Cell.

The image below shows an example of a bio-retention cell with approximately 4 in| 100 mm
of surface storage courtesy of a weir outlet. This design is similar o the boulevard planters
that will be modeled.

Populate the values in the Surface tab as shown in the following screen capture. For this
example each street planter will have a depth of 4 in| 100 mm consisting of a vegetation
fraction of 0.1 a Manning’s roughness of 0.3 and a slope of 0.25% (please note the screen
shot shown is in Sl units, US units will differ).
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LID Control Editor

LID controls:
Street_Planter

Name:
Street_Planter
LID type:
Bio-Retention Cell A

Surface | Soil | Storage | Underdrain

Berm height {mm})
Vegetation volume fraction)
Surface roughness (Manning's n)

Surface slope [percent)

100

0.1

0.3

0.25

Cancel

Click on the Soil tab in the LID control editor and populate the values as shown in
the following screen capture. For this example each planter will have a soil surface
thickness of 35 in| 900 mm, a porosity of 0.44, a field capacity value of 0.11, a wilting
point value of 0.05, a conductivity value of 1 in/hr|25 mm/hr, a conductivity slope
of 7.5 and a suction head of 3.5 in | 88.9 mm (please note the screen shot shown is in
Sl units, US units will differ).

Click on the Storage tab in the LID conftrol editor and populate the values as shown
in the following screen capture. In this example each rain garden will have a
storage thickness of 18 in| 450 mm, with a void rafio of 0.75 and a conductivity

of 0.24 in/hr| 6 mm/hr (please note the screen shot shown is in Sl units, US units will

differ).
LID controls: Name:
Street_Planter Street_Plarter
LID type:

Bio-Retention Cell -

Surface | Soil | Storage | Underdrain
Thickness {mm) 450
Void ratio (voids/solids) 075
Seepage rate (mm./hr) 5
Clogging factor 0

Add Del oK Cancel

Click on the Underdrain tab in the LID confrol editor and populate the values as
shown in the following screen capture. In this model there will be no underdrain

so all the attribute values will be set to zero.



7.

Click OK to close the LID Control Editor (please note the screen shot shown is in US
units, Sl units will differ).

LID Control Editor ? s
LID controls: Name:
LD Street_Plarter
LID type:

Bio-Retention Cell -

Surface | Soil | Storage | Underdrain

Drain coefficient {mm./hr) 0
Drain exponent 0
Drain offset height {mm) 0
Open level fmm) 0
Closed level (mm) 0
Control curve hd

Note: Use a drain coefficient of 0 the LID unit has no underdrain.

Add Del OK Cancel

5.5 Assigning subcatchment LIDs

We will begin by specifying the LID details for each subcatchment:

1.

Select subcatchment $1 in the Map panel and in the Attributes panel click on
the LID Controls item (please notfe the screen shot shown is in US units, SI units will
differ).

Click the ellipsis |- bufton in the LID Control box to open the LID Usage Editor.

The LID Control box allows the user to specify the type and number of LID confrols
located in a subcatchment, as well as other subcatchment specific LID parameters.

In the LID Usage Editor click on the Add button.

Assign the properties of the LIDs located on Subcatchment §1 as shown in the
following screen capture. For §1 there are 4 boulevard-planters to be built, each
planter will occupy an area of 1076 ft2] 100 m2 and a top width of 10.8 ft| 3.3 m and
will be assumed to freat 100% of the impervious area (please note the screen shot
shown is in Sl units, US units will differ).
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LID Usage Editor: 51 ? X

LID usages LID control name:
Street_Planter -

LID occupies ful subcatchment

Area of each unit {m? 100

Number of replicate units 4 %
% of subcatchment occupied 28

Surface width per unit {m}) 13

%initially saturated 0

% of impervious area treated 100

% of pervious area treated 0

Send drain flow to
(Leave blank to use outlet of cument subcatchment)

Retum all outflow to pervious area

Detailed report file {optional)
C:\Users\Kaeleigh MacPhail\Desktop \PCSWMM Exer )| 2L

Add Del oK Cancel

6. To specify the creation of a Detailed report file, click on the Browse button,
navigate fo PCSWMM exercises\ K031\ Initial\ Valleyfield LIDs and save the LID
report as $1-LIDs.

7. Repeat step 3-4 for the remaining subcatchments, make sure each subcatchment
has the correct number of planters as shown in the LIDs layer or using the table
below.

Note: there are no LIDs on subcatchments $5 and §9 so the LID Controls attribute in
the Attributes panel should be left as 0.

Subcatchment Number of Planters
S1
s2
53
54
56
57
58

=M=

Adjust subcatchment area and flow width to compensate for LIDs.
There are two approaches to placing LIDs:

Placing one or more LIDs in an existing subcatchment that will displace an equal amount of
non-LID area from the subcatchment.

Creating a new subcatchment devoted entirely to a single LID and routing adjacent
subcatchment runoff onto this LID subcatchment

When LIDs are added to a subcatchment, the subcatchment's Area property is the total
area of the subcatchment (both non-LID and LID portions) while the percent imperviousness
and width parameters apply only fo the non-LID portion.

In this example we are adding LIDs to existing subcatchments so we will need to adjust the
subcatchment percent imperviousness to compensate for the new LIDs.
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1. Select Subcatchments from the list of tables in the Tables panel to display the
subcatchment attributes.

2.  Change the subcatchment Imperv (%) values to match the New Imperv (%) values
in the table below:

Name | Original New Imperv
Imperv (%) (%)
S1 30 271
52 30 26.2
S3 30 26.2
sS4 30 28.2
S5 30 30.0
S6 30 25.8
S7 30 25.9
58 30 259
59 30 30.0

3. Compute the Width attribute for the subcatchments, by dividing each
subcatchment area by a approximate maximum length of overland flow. We'll
assume the average maximum length of overland flow is the sum of the average lot
depth (115 ft | 35 m) plus the curb length between planters (135 ft | 41 m), which
equals 250 ft | 76 m.

4. Return to the Map panel by clicking on the Map tab.

5. Click on the Tools # button and click on the Set Flow Length/Width tool (in the
Subcatchments and Spatial Detail sections).

6. Select Fixed length in the dialog and enter the computed length found in
the Shape section in the Attributes panel, 250 ft | 76 m, in the textbox and ensure
that Selected entities only is not checked.

Set Flow Length/Width ? w

Compute subcatchment flow length/width

Set Flow Length attribute for subcatchments entities. The Width attribute is
automatically calculated by dividing the subcatchment Area by the Flow Length.

Qverand flow length is defined by:

Flow path layer - WL

1

® Fixed length 76

Selected entities only

Apply Analyze... Cancel

7. Click Apply to execute it.

8. Click on the Run ¢ button.
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5.6 Comparing LID results

1. Open the Graph panel.

2. Click the Scenarios B button (next to Favorites) and foggle on the to-be model,
then select Compare Scenarios.

3. Inthe Time series manager expand it to show Links > Flow > C8.

LID performance typically varies with rainfall event size. LIDs are typically more effective at
reducing runoff for smaller events that are more frequent.

Zoom into a smaller event close to the beginning of the simulation (see screenshot below).
Notice the reduction in total stormwater runoff leaving the subdivision in the LIDs scenario
compared to the original to-be model.

Link C&

|||||
nnnnnnn

4. Click the Full Extent ?’Z button fo zoom out to the entire simulation hydrograph time
series.

5. Select alarger event close to the beginning of the simulation by holding down and
dragging your mouse in the Graph panel (see screen shot below).

Link C8
Valleyfield to-be

Valleyfield LIDs

020

016

014

= 012

008

004

002

a
T T T T
12PM 3PM BPM aPmM
May 29 Wed 1991 Date/Time

< >

Notice that there is a smaller percent reduction in both total flow and peak flow. For these
large events the planters become saturated and are no longer able to store and infiltfrate
runoff as effectively.
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5.7 (Optional) Comparing LID performance with LID clogging factor

Over time LID performance may degrade due to clogging. Clogging is the reduction of
infiltration capacity due mostly to fine particles. Clogging of LIDs in SWMM is modeled as a
linear function of total infiltration. We will now create a new scenario to compare the
performance of a LID with and without the addition of a clogging factor.

1. Duplicate the current scenario in the same folder, name it Valleyfield LID clogging.
2. With the Vadlleyfield LIDs model open, click on the Plan e button and click
the Add “# button and select Duplicate current scenario.

3.  Name the scenario Valleyfield LID clogging and click Create.

4. Click on the Plan o g button and click on Valleyfield LID clogging and click Open.

5. Inthe new project, click on the LID Controls in the Project panel to open the LID
Controls Editor.

6. Open the Storage tab for the Street_Planter LID control.
7.  Change the value of the clogging factor to be 100.

8. Click on the OK button to save your changes and exit the LID Controls Editor.

9. Click on the Run ® button in the Project panel to run the model.
10. Compare scenario results for the flow in C8 again.

11. Open the Graph panel.

12. Click the Scenarios 5 button (next to Favorites) and foggle on the to-be model.
13. Select the Compare Scenarios button.

14. In the Time series manager expand it to show Links > Flow > C8 to compare the
runoff hydrograph with and without clogging.

Time series manager »
- B Valleyfield tobe LIDs clogging (KF).out

- [ Subcatchments

- [ Nodes

- [ Links

...... Froude No. ()
------ Velocity (m/s)
- [#] System
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Zoom into a smaller event close to the beginning of the simulation (see screenshot below).
Notice that the LID clogging factor has a minimal effect on the runoff response. This is
because this event is at the beginning of the simulation period and there has been minimal

clogging.

Note: To add the fime line to the bottom of the plot in the Graph panel click on the
Properties button and select the Zoom Window to be On.

Link C8
——— ValleyMisioLID dogging ——— Valleyfialdtone —— Valleyisla LiDs

255un

Now select a period in the middle of the simulation and observe how over time the planters
become clogged and are no longer able to reduce the runoff as much as when the LID was
initially installed.

Link C8
——— VaNeyfield LID clogging ——— Velleyfieldlobe ——— Vallylield LIDs

5.8 (Optional) Opening the LID report

1. Click on the Graph tab to open the Graph panel.

2. Click on the Open i) button and browse to PCSWMM
exercises\ K031 \Initial\LIDs and select S1-LIDs.

3. Expand S1>Storage Level> Sireet_planter and look at the changing storage depth
over time.

4. Open the LID reports from the other subcatchments and look at the reported time
series.

65



6. Combined 1D-2D vurban flood
analysis

European cities are commonly characterized as densely urbanized with small meandering
streets and stone walls. Their drainage systems often consist of a mixture of open flow and
underground conduits. One common stormwater problem in these cities is the frequent river
flooding during heavy rains, due to urban development along the river flood plains in
combination with walls acting as barriers to flood flows.

In this exercise we will be modeling an area in France where a hospital is located. Because
flooding is a major concern, there are strict regulations and new construction is only
authorized if it does not exacerbate the risk of flooding. In this example, the hospital is
planning building improvements that require more precise information on the flow behavior
(flow velocities and water levels) to adopt the best strategy for flood mitigation.

The objective of this study is to model the area with an assumed flow boundary condition at
the upstream end of the river to compute potential flooding depths and flow velocities.

6.1 Create model and define 2D layers

When developing a 2D model in PCSWMM it is important to define the layers that will be
used. The minimum input layers you need are a Bounding layer and a 2D nodes layer. A DEM
is used to define the surface elevations of the modeled area (if DEM is not available
PCSWMM assigns a uniform initial elevation of 0 m for all the 2D nodes).

In this exercise we will be using 4 existing layers: bounding, obstructions, river centerline, and
DEM.

First, however, we need to create and setup the project:

1. Create a new project called 2D Model in the PCSWMM
Exercises\ K001\ Initial\ folder.

2. Open PCSWMM and create a new project by clicking New from the list of opfions
on the left side of the File tab.
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5.
6.

Select SWMMS Project.
Name the model 2D Model.
Click on the Browse button and navigate o PCSWMM Exercises\ K001\ Initial\.

Click the Create Project button to create the new project.

This exercise is in Sl units only so we need to set the units accordingly. If you are working
outside of the US the units should already be set up to use Sl units however if you are located
in the US PCSWMM would have made the default US units.

7.
8.
9.

10.
11.

12.

13.

14.

15.

16.

Change the model flow units to CMS.
Click on the Simulation Options item from the Project panel.

Under the General tab in the Miscellaneous section change the Flow units fo
be CMS. If you are completing this exercise outside of the US, the units should
already be in CMS. Click OK to save changes.

Set the coordinate system for the map and all layers to RGF93 v1 CC46.
Click on the Menu button in the Map panel and select Coordinate system.

Select Projected system from the list of coordinate systems and type in RGF93 in
the Filter box and select RGF93 v1 CC46 from the filtered list.

Toggle on the box to Apply to all layers and click OK.

Map Coordinate System: Unknown system (Meter) 7 x
Select map coordinate system: Filter:
Recent RGF33 - Find
Choose projected system:
Projected system
RGF33 v1 Lambert 53 -

Geographic system RGF93 v1CCA2

Custom RGF93 v1CC43
Unknown system RGF33v1 CC44
RGF33 v1 CC45
RGF33 v1 CC46

RGF33 v1 CC47

RGF33 v1 CC48

RGF33 v1 CC49

RGF33 v1 CCR0

RGF93 v2 Lambert 93

RGF33 vab Lambert 93

RGF33 v2 CC42

RGF33 v2 CC43 k4

I OK Cancel

Click on Keep existing coordinate system opftion if asked if you want to make this
the default coordinate system for new projects.

Load the following background layers from the PCSWMM Exercises\ K001 \ Initial\ GIS
layers folder: high resolution photo.png, Bounding-2D.SHP, Obstructions-2D.SHP,
River centreline-2D.SHP, and w001001.adf.

Click on the Open @ button in the Map panel.
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17.
18.
19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

Click on the Open i} button.
Browse to PCSWMM Exercises\ K001\ Initial\ GIS layers.

Press the Cirl key to select several different layers; high resolution photo.png,
Bounding-2D.SHP, Obstructions-2D.SHP, River centreline-2D.SHP, and w001001.adf.

Click on the Open button to open the selected layers.
Click on the option to Set coordinate system to RGF?3 v1 CC4é (3944).
Now we will enable the 2D modeling component and define the 2D layers.

Click on the File tab to open the PCSWMM backstage.

Click on the 2D Il button located in the backstage menu (under Professional
Features).

Check the Enable 2D modeling box to define the layers that will be used to set up
the 2D model.

In the Bounding layer drop-down menu select the previously opened Bounding -
2D layer.

In the Obstructions layer drop-down menu select the previously
opened Obstructions - 2D layer.

In the Centerline layer drop-down menu select the previously opened River
centerline - 2D layer.

In the DEM layer drop-down menu select the DEM file w001001. Do not close the 2D
dialog.

We need to create a new shape file layer to store the 2D nodes.

Click on the New LI button beside the 2D nodes layer drop-down menu.

Navigate to PCSWMM Exercises\ K001\ Initial\ GIS layers and create the layer with
the default name 2D Nodes. Press Save.

2D ? X

Bounding layer: Bounding - 2D | g L]

2D nodes layer: 2D Nodes | da | ]

Elevation layer: | W] ==
Ereakline layer: - M| ] o=
Obstruction layer: Obstructions - 2D - o] =
Edge layer: v ja ] ==
Centerline layer: River centerdine - 20 o IR o
Downstream layer: - M| ] o=
Hydrograph layer: | g ] ==
WSE layer: B =
DEM layer: wO01001 Ml

OK Cancel
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Note: If you are using a PCSWMM version 7.5 or earlier, in the 2D editor, place a check next
to Include velocity post-processing.

31. Click OK to save your changes to the 2D setup and close the 2D editor.

A message will appear asking if you want to create the missing fields in the boundary layer.
Click Yes to create these fields.

Rearrange the layers so the DEM layer (named "w001001") is positioned at the bottom (if it is
not already) by dragging and dropping the layer in the Layers panel.

32. Click the Save =i button.

Note: There are up to 8 layers that can be used in a 2D model. For more information about
the 2D layers in PCSWMM please visit our Overview.

6.2 Generate Points

PCSWMM creates a 2D mesh using the 2D nodes layer to define the overland flow paths. A
user can influence the point generation by specifying a mesh type and resolution in

the Boundary layer polygon aftributes. After the 2D nodes layer has been populated, points
may be edited (moved, deleted, or added). For example, to add points, select the 2D
nodes layer, click on the Add button in the Map panel and add points of specific interest (i.e.
bank stations, depressions, etc.).

In this model the Bounding — 2D layer consists of three polygons, one large one
encompassing the hospital area and two smaller ones representing the river channels. We
will define two different mesh types for these regions. A hexagonal mesh will be used to
define the overland flooding area and a directional mesh will be generated to represent the
river channels.

1. Click on the Bounding - 2D layer in the Layer panel. Unlock the layer by right-
clicking on the layer and selecting Unlock. A message will be displayed asking if you
want to unlock the layer or make a copy of the layer to edit. Select Unlock layer.

Note: When working with scenarios, one should be careful in editing background layers that
is used by multiple scenarios as the changes will apply to all scenarios. Thus PCSWMM
displays a message box confirming your intent when unlocking a layer, giving you the option
to create a copy of the layer. The 2D Cells layer is managed by PCSWMM for each project
however other layers (bounding, 2D nodes, etc.) are background layers and can be used for
more than one project.

Unlock Background Layer *

Background layers may be shared by other projects

C:\Users\Ellen Hachborn\Desktop\PCSWMM Exercises\PCSWMM Exercises SI units\K002\Initial\2D Model Demo_files\Bounding - 2D.5HP

P
| ‘] Unlock layer
I‘ l Unlock the layer for editing or selecting entities.

Copy layer
J Make an unlocked copy of the layer for editing.

Cancel

Do not display this warning
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2. Select the larger polygon in the Bounding- 2D layer.

Large
bounding
polygon

Smaller river

chamel [
polygons for [N
directional

3. Inthe Atiributes panel specify the Style to be Hexagonal.

Since the map units are in Sl units the 2D mesh has to also be defined in SI units. We will model
the flood area at a 5 m resolution.

4. Next to Resolution type in § (m).
5. Next to Roughness type in 0.033 representing the roughness of overland flow.

6. Next to Edge select Yes from the drop-down menu. This has the same effect as the
edge line layer.

Leave the rest of the attributes as shown.

Bounding - 2D
Attributes
Style Hexagonal
Angle (deq) 0
Resolution (m) 5
Sampling Factor 1

Dist. Tolerance r 0

Elev. Tolerance [ 0
Roughness 0.033
Seepage Rate im 0

Edge YES
Other

LENGTH 0
WIDTH 0
Shape

Lid 1
Court 1
Vertices KH
Parts 1

Area (m3 6117116
Area (ha) 61171

We will now define a directional mesh for the smaller bounding polygons that encompass the
open channels. To account for the greater variation in elevation along a cross-section, we
will use a finer mesh resolution perpendicular fo the mesh direction (i.e. a smaller

mesh Width).
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7. Select the two smaller boundary polygons by selecting one, holding down
the Cirl key and then selecting the other.

8. In the Atiributes panel specify the Style to be Directional.
9. Next to Resolution enter 3 (m).

10. Next to Roughness type in 0.04 (the channel is heavily vegetated).

11. Next to Edge select Yes from the drop-down menu (this creates a clean edge
between the two mesh types, suitable for delineating sudden topological changes
such as overbank stafions).

12. Click the Save T-I button to save your project.

2 =elected Bounding - 2D

Attributes

Style Directional
Angle (deg) ]
Resoltion fm) 3

Sampling Factor 1
Dist. Tolerance ir 0
Blev. Tolerance ( 0

Roughness 0.04
Seepage Rate i 0

Edge YES
Other

LENGTH 0

WIDTH 0

Shape

Count 2

Total Points 15

Awvg. Points 175

Total Parts 2

Avg. Parts 1

Total Area (m3  1668.52613
Avg. Area (m3 B34 46307
Total Area (ha)  0.1665
Avg. fArea ha) 00834

Now we can generate center points that will be used to create the mesh. These points are
created on the 2D Nodes layer.
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13.
14.
15.
16.

17.

Click on the Tools ;\ button in the Map panel.
Select 2D modeling from the list of tool categories.
Select the Generate points fool from the 2D modeling list.

Ensure that the Points (2D Nodes), Bounding, Obstruction and Center line layers are
correctly identified. Obstructions for this exercise include buildings as well as several
walls in the area. The estimated number of points should appear af the bottom of
the Generate points window.

Generate Points *
Poirts layer: 20 Modes -
Bounding layer: Bounding - 2D -

Selected polygons only
Obstruction layer: | Obstructions - 2D -
Certerding layer: River centerdine - 20 -
DEM layer: w0 1001 i
Mumber of points (@pprox); 3009
QK Cancel

Click OK to generate the points. If you are unable to see the points after creating
them toggle on the 2D Nodes layer in the Layers panel.

6.3 Create diverging/converging locations in stream

In this example, the two sections identified as being a directional river segment are
connected with a culvert running under the parking lot. Also, inflow to the model will occur
at the upstream end of the westerly directional river segment, and a downstream culvert will
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drain water from the east side of the easterly directional river segment. In order to connect
the sectional meshes to upstream and downstream culverts, we need to create a 2D node
point to force the mesh to converge.

Zoom into the upstream location of the westerly directional bounding polygon (NW
boundary of the project site), as shown in the screenshot.

Select the 2D Nodes layer in the Layers panel.
Unlock the layer (if locked) by right-clicking on the layer and selecting Unlock.
Click on the Add button in the Map panel’s toolbar.

Put a point in the furthest upstream location in the polygon by clicking on the
location in the map (see illustration below for guidance).

Click on the Select R button fo get out of Add mode.

Added point furthest
upstream location

Zoom into the downstream location of the same directional bounding polygon.
Ensure there is a single point in the furthest downstream location; you may need to

move or delete points. To move a point double click on the point and drag it to the
new location.
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Move to the upstream location of the second (easterly) directional bounding polygon and
remove points so that there is a single point in the upstream location.

Finally move to the downstream location in the second directional polygon and add or
remove poinfs to make a single point.

N TR
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6.4 Create Mesh

Now that we have established the points for the 2D cells, we can create the 2D mesh. When
generating the mesh the model will sample elevations from the DEM layer at the locations of
the 2D nodes. The first thing we will do is turn off the option to Show link arrows, this will keep
the mesh from not looking foo cluttered.

1. Turn off the Show link arrows option in the Preferences dialog.

2. Click on the Menu = button in the Map panel and select Preferences.
3. Under the Map tab toggle off Show link arrows.
Preferences ? X

General | Map | Giid | Google Earth

L]

Map renderer: Gdi+

Mouse wheel zoom:

Slow Fast
Snap tolerance: 20 pixels
Small Large
| Show subcatchment links |
Show transects [
| Show conduit inlets ——
Show Paints of Intenest
+ | Show flyover labeling
[o]:4 Cancel

We will now create our 2D mesh.

4. Click on the Tools # button, in the Map panel, and select 2D modeling.
5. Select Create Mesh from the 2D modeling sub menu.

6. Ensure that the Bounding, Obstruction, and 2D Nodes layers are defined in
the Create 2D mesh window.

7. Click OK to generate the mesh.
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Create 2D Mesh b4

Bounding layer: | Bounding - 2D -
Obstruction layer: | Obstructions - 20 | i |
2D nodeslayer: | 2D Modes |~
Edae layer: | | hd |

Invert elevation attribute from:

# points layer

| 2D Nodes B
| DEM layer

| wOD1001 B

|| Breakling laysr

PCSWMM will now automatically create the 2D mesh. This should only take a couple of
seconds.

Once the mesh generation is completed a report will appear. You can close the report once
you have read it. After mesh generation, the 2D mesh is rendered to display the cells as well
as the links and nodes of the mesh.

8. Click on the Close button fo close the Operation Report.

9. Inthe Layers Panel uncheck the 2D Nodes layer to hide it (it is no longer needed).

10. Click on the Save H button fo save the project.
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11.

12.
13.
14.
15.

16.

Link arrows can be turned back to see the direction of 2D links using
the Preferences dialog.

Turn on the Show link arrows option for 1D and 2D links in the Preferences dialog.
Click Menu > Preferences.

In the Map tab, check the option to Show link arrows if not checked already.
Toggle on the option to Include 2D links.

Click OK.

General  Map | Grid | Google Earth

Map renderer: Gdi+

1

Mouse wheel zoom:

Slow Fast

Snap tolerance: 20 pixels

| Show link amows

+| Include 2D links Small Large
| Show subcatchment links

Show transects

| Show condutt inlets

Show Points of Interest

+| Show flyover labeling

QK Cancel

Zoom into the mesh to see the link arrows.

Repeat step 9, this time turning off the arrows to avoid crowding the screen.

We will now check the elevations assigned to the 2D cells through a map rendering.
The Render 2D network tool allows you to quickly set the layer properties for a number of 2D
layers to one of the default renderings.

17.
18.
19.

Click on the Tools # ™ button and select 2D modeling.
Select Render 2D network from the 2D modeling sub menu.

Select Show Cell Elevations. Note how the color changes with the topography of
the project area.
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Render 2D network s
Render 2D network

! Show Mesh

5 Displays the conduits, junctions and outfalls that comprise the 20 mesh.

Show Cell Elevations
Displays the 2D cell surface elevations by gradient rendering.

Show Cell Max. WSE
Displays the 2D cell maximum computed water surface elevations by
gradient rendering.

Show Cell Max. Depths
Displays the 2D cell maximum computed water depths by gradient
rendering.

Show Cell Max. Velocities
Displays the 2D cell maximum computed velocities by gradient rendering.

Hide All
Hides the 2D cells as well as the junctions, conduits, and outfalls that

comprise the 2D mesh.

Cancel

Let's return fo a map rendering that displays the mesh.

20. Click on the Tools ’ button and select 2D modeling.

21. Select Render 2D network from the 2D modeling sub menu.
22. Select Show Mesh.

23. Now uncheck the 2D cells layer in the Layers panel to hide if.

Zoom into the smaller bounding polygons and notice how the directional mesh is different
from the hexagonal mesh shape in the larger polygon.

Note: that if you want to improve the layout of the mesh, you can use an iterative approach
of adding/moving/deleting points in the 2D nodes layer and regenerate the mesh with

the Create Mesh tool. The Create Mesh tool will replace existing 2D entities in the model (2D
cells, nodes and conduits) and reconnect the mesh to any existing 1D entities or 1D-2D links.

6.5 Add 1D culvert

We sftill need to add the culvert that links the two directional meshes under the hospital
parking lot.

1. Select the Conduits layer from the Layers panel.

2. Click on the Add “ button.

3. Click on a mesh junction closest to the border of the upstream boundary and then
on a junction close to the border of the downstream boundary (i.e. from northwest
to southeast) to connect the upstream river segment to the downstream river
segment (see the yellow conduit in the figure below).
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4. Click the No @ button if asked if you would like to turn auto-length on. For 2D
models, we do not want PCSWMM to determine conduits lengths from the map (the
2D mesh generator automatically sets appropriate conduit lengths for the 2D

mesh).

Now we need to define the culvert attributes. For this model, the conduit just to link the two
river segments is not one of the culvert shapes so the culvert shape will be defined using the

custom culvert editor.

5. Click on the Select w button fo get out of Add mode.

6. Change the culvert length to 77 m and roughness to 0.033.

7. Click in the Cross-section attribute and click on the Ellipsis [] button.
8. Select Closed Rectangular from the cross-section editor.

9. Change the Max. depth (m) to 1.5 m.

10. Change the Bottom width (m) fo 5 m.

11. Click the OK button.

Cross-Section Editor: €5293

Closed Rectangular

\—1 \_/ \/ U v \\/_/ f——5m——
Open Rectangular parabolic

Irreguiar

Trapezoidal Triangular  Parabolic  Power

: I ; : Closed rectangular box conduit.
Circular Force Main

Filled Circular ClosedRectangular | Horizontal Elliptical  Vertical Elliptical

Barels
Rectangular
areh Triangular .

f—T—

WModified
Rectangular Round Baskethandle Horses! hoe r:!asx depth (m)
Botiom wickh {m)
Gothic Catenary Semi-Elliptical Baskethandle Semi-Circular Custom
gy oK Cancel
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6.6 Create an ouffall

An ouftfall is assigned at the downstream end of the river to define the model’s downstream
boundary condition. It will be placed at the exit of a culvert draining the downstream
directional river segment.

1. Select the Ouffalls layer from the Layers panel. The layer will appear grayed out as
there are currently no Outfalls in the model.

2. Click on the Add “® button.

3. Click on the eastern edge of the project area downstream of the second
directional river segment to add an Ouffall (see screenshot for location).

4. Change the name of the Outfall to 2DOut.
5. In the Atiributes panel set the Invert El. (m) to 338.15 m.
6. In the Attributes panel set the Rim Elev. (m) fo 348.15 m.

7.  Change the Type to FREE.

Qutfall: 2D0ut
Attributes -
MName 2000t
¥-Loordinate 1708839.87835946
Y-Coordinate 5187615.50973739

Description

Tag

Inflows MO
Treatment MO

Imvert Bl {m} 338.15
Rim Elev. {m) 4315

Tide Gate MO
Route To
Type FREE

8. Select Conduits layer from the Layers panel.

9. Click on the Add = button.

80



10. Click on the furthest downstream junction in the easterly directional river segment
and then click on the Ouffall fo add a conduit between the two nodes.

11. Click the No @ button if asked if you would like fo furn auto-length on.

12. In the Attributes panel, change the conduit’s length to 12 m.
13. Set the Roughness to be 0.033.

14. Change the conduit cross-section to a Closed Rectangular shape with a Max
Depth of 1.5 m and Bottom width of 5.

15. Click on the Cross-Section attfribute box and select the Ellipsis |- | button.
16. Select the Closed Rectangular culvert shape.

17. Set the Max depth to 1.5 m.

18. Set the Bottom width fo 5 m.

19. Click OK to close the Cross-sectional Editor.

20. Click on the Select ™ button to exit the Add mode.

6.7 Assign an inflow time series

1. Create a new object in the Time Series Editor called 2D_Inflow.

2. Click on the downward arrow in the Project panel and select the Time Series item. It
will appear grayed out as there are currently no time series defined.

3. Click on the Add button.
Name the new time series 2D_Inflow.

4, Click on the Load button and browse to PCSWMM Exercises\ K001\ Initial\Time
series and select 2D Inflow Time series.dat and click Open. The design hydrograph
will be displayed in the Time Series Editor.
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5. Click OK to close the Time Series Editor.

Time Series Editor >
Time series: Name:
20_Irflow 12D_Inflow Time Series: 2D_Inflow
[ L e
] A
7l
LIS

Use extemal data file named below

® Entertime series data in the table below
if no dates, times are relative to start of simuiation. 50

Date (M/D/Y) | Time (H:M) Value

00:00:00

3
Walue
5
3
L
TTT TTTT TTTT TTTT TTTT 7717 TTTT TTTT
T
-

01/30/2012 | 00:15:00 5 [ \

01/30/2012 | 00:30:00 10 304 \

0302012 |0045.00 15

01302012 |01.00:00 2 20

01302012 |01:15.00 25 / \

01302012 |01:30:00 45 o /

01302012 |0145.00 575

0302012 |0200:00 7 o \

o1z |021500 7266566 e o Y T
30 Mon 3AM 6AM 9AM

Uiz 023000 T334 ¢ | jan2012 Date/Time

oo [ 2 ][ oo |

Note: there are multiple ways to assign an inflow boundary condition fo a 2D model: 1.
Assign a water surface elevation time series to one or more outfall(s) and connect the
outfall(s) to the 2D mesh using a conduit. The downstream boundary layer and associated
tool can be used to efficiently do this for a non-point boundary condition. 2. Apportion a flow
time series to one or more 2D junctions directly in the junction’s Time series afttribute. In this
case, the inflow can be apportioned to multiple nodes by setting the node’s time series
Factor attribute to 1/n, where n is the number of nodes the inflow is o be apportioned.

We now want to assign the inflow to the furthest upstream junction in the river boundary
polygons. In this case, we can assign the entire inflow fo a single junction in the 2D mesh.

6. Click on the Junctions layer from the Layers panel.

7. Select the furthest upstream junction in the upper river boundary polygon (as shown
in the screenshot).

)

8. Assign the 2D_Inflow time series to the selected junction as an inflow.

9. In the Atiributes panel, click in the Time Series box and click on the Ellipis [] button.
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10. The Time Series editor will open, allowing you o specify the time series.

11.

Select the desired inflow time series and click on the Assign to Junction button to
assign it to the selected junction.

Time series Name:
20 _Inflow 2D_Inflow Time Series: 2D_Inflow
Desciption: 80
— 70
Use extemal data file named below E
80
® Entertime series data in the table below E
If no dates, times are relative to start of simulation 50
Date (M/D/Y) | Time (H:M) Value . E
B £
T <
01/30/2012 | 00:15:00 5 E
01/30/2012 00:30:00 10 304
01/30:2012 | 00:45:00 15 C
01/30/2012 01:00:00 20 204"
01/30/2012 01:15:00 325 c
01/30/2012  01:30:00 45 - F
01/30/2012  01:45:00 575 r
01/30/2012 | 0200:00 7 C
0 . . . . P
01/30/2012 | 021500 72 66666 T T T T
30 Mon 3AM 6AM 9AM
01/30/2012  02:30:00 7533334 (=] jan o012 Dateime
Add Del Load. Save.. Options Assign to Junction J1968 Cancel

6.8 Run a simulation

We won't assign any initial conditions: the model will assume to start as dry bed. SWMMS5 is
able to fransition a 2D mesh from a dry bed to a wet one without model stability issues. Let’s
set the simulation options and run the model.

1.

10.

11.

Set the simulation period to match 2D_inflow and change the simulation duration to
12 hours.

Click on Simulation Options from the Project panel.

Click on the Dates tab and select 2D_Inflow under the Set simulation period from
time series drop-down menu. This allows us to quickly set the simulation period to
match the input time series.

Set the Duration to 12 (h).

Change the reporting time step to 30 seconds, and the routing time step to 0.5
seconds.

Still in the Simulation Options, click on the Time Steps tab and change
the Reporting time step to be 00:00:30 (i.e. 30 seconds)

Change the Routing time step to be 0.5 s.

Set PCSWMM to ignore the inertial terms and use the maximum number of threads
available.

Still in the Simulation Options, click on the Dynamic Wave Tab. Under Inertial
terms select Ignore.

Under Number of Threads choose the maximum number available.

Click OK to close the Simulation Options editor.
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12. Click on the Run & button to run a simulation. It should take between 4 - 8 minutes
fo run, depending on the computational speed of your computer.

13. You should receive the message "We recommend a minimum surface area of 0.1
m?2 or less for 2D projecis", select the opfion to "Change the minimum surface area".

14. When the Simulation Options window opens, change the Minimum nodal surface
area to 0.1 (Square Meters).

15. Click OK to save your changes

Simulation Options ? X
General Inertial terms I lanore -
Dates L
MNormal flow criterion Slope & Froude -
Time Steps
Force main equation Hazen-Wiliams -
Dynamic Wave
Surcharge method Extran -
Files
Reporting +| Use variable time steps, adjusted by I
Events Minimum variable time step 0.5 seconds
Time step for conduit lengthening ] seconds
Minimum nodal suface area 0.1 m#
Maximum trials per time step 8 2
Head convergence tolerance 0.0015 m
Number of Threads
Apply defaults
QK Cancel

16. Click on the Run & button to run a simulation.

You may receive a message saying that we recommend not reporting the input summary for
2D projects, click on the Continue anyway button.

6.9 Render model to show maximum water surface elevation

1. Click on the Tools # button and select 2D modeling.
2. Select Render 2D network from the 2D modeling sub menu.

3. Select Show Cell Max. Depths.
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Render 2D network X

Render 2D network

it

Show Mesh

Dizplays the conduits, junctions and outfalls that comprise the 2D mesh.

' Show Cell Elevations

Displays the 2D cell surface elevations by gradient rendering.

Show Cell Max. Depths
Displays the 2D cell maximum computed water depths by gradient

rendering.

Show Cell Max. WSE
Dizplays the 2D cell maximum computed water surface elevations by

gradient rendering.

Show Cell Max. Velocities
Dizplays the 2D cell maximum computed velocities by gradient rendering.

Hide All
Hides the 2D cells as well as the junctions, conduits, and outfalls that

comprise the 2D mesh.

Cancel

Your model should look something like this.

6.10 Add downstream boundary condition

You may have noticed when the model was rendered to the maximum water surface
elevation that water was starting to buildup on the boundary of the 2D model. This is
because the only way water can leave the model is through the outfall. To prevent this from
happening we can make a downstream boundary condition allowing water to leave the
boundary area through outfalls automatically generated using the Create Boundary

Ouffalls tool. This tool takes a user-drawn line and creates outfalls at the conduits crossing the
line. In this example we have already created the boundary outfall line.

85



1. Add a 2D downstream layer called DS boundary condition - 2D.SHP from
the \Initial\ GIS layers folder.

2. Click on File and select Il 2D from the options on the left side of the screen.

3. Click on the Open button beside the Downstream layer drop-down menu and
navigate to PCSWMM Exercises\ K001\ Initial\ GIS layers and select DS boundary
condition - 2D.SHP.

4. Click Open and then select OK.

You will notice that there are 6 green lines in the downstream boundary layer. These lines are
indicating the locations where we want to add our downstream boundary condition.

5. Click on the Tools . button and select 2D modeling from the list of tool options.
6. Select the Create Boundary Ouffalls from the list of tools.

7. Select DS boundary condition - 2D from the Downstream layer drop-down menu.

Create Boundary Cutfalls X

Downstream layer: | DS boundary condition - 20 -

Selected entities only

Invert elevation from:

20 cells layer
o DEM layer
w1001 -

+ | Delete existing boundary condition entities

QK Cancel

8. Click on the OK button.

A message will appear saying the number of outfalls and connected conduits were created.
The 2D outfalls are set to be type = Normal meaning they are assigned the sampled ground
elevation. To use Normal outfalls in a model it is important that the link connecting the model
to the outfall has a positive slope. To ensure this in our model we will adjust the slopes of the
conduits with invert slopes.

9. Select all outfalls with the tag 2D_Out.

10. Click on the Find ﬂ-' button and choose Select by Query.

11. Change the Layer to be Outfalls, the Attribute to be Tag, the Operator to be =, and
the Value to be 2D_OUT.
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Select by Query: Outfalls bt

Layer: | Ouifalls - Select
Attrbute: | Tag - Select within
Cperator: | = - List

Value: [2D_0UT] -

Search all SWMM5 layers

Center selection

Stored: -~ op R

Query: | Tag ="2D_OUT Builder...

Close

12. Click on the Select button then the Close button.

13. Click on the Find ﬂl button and choose Select connected > Immediate Upstream.

14. Click on the Conduits layer, the Attribute panel will indicate that you have multiple
conduits selected.

Now we want to identify the links that have negative slopes. To do this:
15. Click on the Find button and choose Select by Query.
16. Set the Layer to Conduits, Attribute to Slope, Operator o <=, and Value to 0.

17. Click Select within to limit the search to include only the selected conduits and

click Close.

Select by Cuery: Conduits >
Layer: | Conduits - Select
Aftribute: | Slope - Select within
Operator: = - List

Value: 0 -

Search all SWMME layers

Center selection

Stored: v I:% b4

Query:  Slope <=0 Builder...

Close

We now want to fix the inverse slopes using the set slope tool.

18. With the conduits still selected, click on the Tools S button.

19. In the Conduits section, click on the Set slope tool located at the bottom of the list.
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20. Sef the slope to 0.2%, uncheck Preserve node rim elevations, Raise upstream nodes’
invert elevation and Apply to flatter conduits only, leave the Selected conduits
only checked.

Set Slope ? Ed

Compute invert elevations

Calculate upstream node invert elevations to achieve a specified conduit slope.
The entire upstream drainage system will be raised or lowered.

® Set slope to: 0.3 o
et slope fram: *  attribute (%)
Preserve node rim elevations
Raise upstream nodes’ invert elevation
Apply to flatter conduits anby

+| Selected conduits only

Analyze... Cancel

21. Click on the Analyze... button.
22. Click Apply and Close.

You can now re-run your model and render the 2D cells on Maximum depth and see how
the flooding has changed as a result of the added downstream boundary layer.

The following chapter will review some of the post-processing and analysis tools available in
PCSWMM for reviewing the results of a 2D simulation.
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6.11 Troubleshooting

If you added a downstream layer to your model and after you ran and rendered the cells
everything shows in red: The downstream layer uses free outfalls which does not permit the
upstream conduit to have a slope less than or equal to zero. If you are having this issue you
likely used the less than < symbol and not the <= symbol when selecting the upstream
conduits.

If you have a high conftinuity error it is likely caused by the contraction and expansion nodes
not being defined correctly.
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7. Dual-drainage integrated 1D-2D
flood modeling with obstructions

The following example illustrates a case study in an urban area in Southern California. This
model represents a 2-square mile watershed area, and consists of 6 miles of storm drains, 6
detention basins, 2000 houses and structures and 20 miles of streets and roadways. In this
exercise we will be starting with a 1D model representing the underground stormwater pipes,
from there we will be adding a 2D overland mesh to represent the street and gutter flow.

7.1 Open existing 1D model

We will begin by opening the 1D model.

1.  Unpackage 1D Simi Valley model.pcz from the PCSWMM
Exercises/K003/Initial folder.

2. Open PCSWMM and click on the Open W) button.

3. Browse to PCSWMM Exercises/K003/Initial and select 1D Simi Valley model.pcz and
click Open.

4. Unpackage the model to PCSWMM Exercises/K003/Initial/Model
5. Click OK.

6. Load the DEM, w001001.adf, from the PCSWMM Exercises/K003/Initial/GIS
layers/erringer_1ft folder.

' |
7. Click on the Open ﬁﬁ button and then the Open “ I button.

8. Navigate to PCSWMM Exercises/K003/Initial/GIS layers/erringer_1ft and
select w001001.adf. and click Open.

9. Inthe Layers panel, click on the DEM layer (w001001).
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10. Click on the Render % button and look at the coordinate system. If you click on
other layers, you will notice it is a different coordinate system.

When a DEM is used in a 2D model, the coordinate system must be the same as other layers.
DEMs and other layers can be projected directly in PCSWMM.

11. Reproject the DEM from its current system to NAD83 California zone 5ft US. Rename
it "DEM".

12. Click on the Alter = button and choose Reproject. The current coordinate system
will already be set in the From section.

13. In the To section, click on the Set button.

14. In the Coordinate system editor, click on the Projected system section.

15. Type in NAD83 California.

16. From the results choose NAD83 California zone 5ft US and click OK.

Layer Reproject X
From To
Layer:
wiD1001 -
Layer coordinate system: Destination |layer coordinate system:
NAD 1983 StatePlane Calfomia V FIPS 0405 Set... NADB3 Calfomia zone 5ftUS

XY: 6329309.73667216. 1913384.0995443 X¥: 6329309.73681803. 1913384.07537201

Save as... Cloze

17. Click on the Save as button and name the new file "DEM."
18. Click Close. The new DEM will be loaded in the Layers panel.

19. In the Layers panel, right-click on the w001001 file and then Close.

20. Click the Save :J button to save your project.

7.2 Create 2D layers

When developing a 2D model in PCSWMM it is important to define the layers that will be
used. In this exercise we will be using five 2D layers: bounding, 2D nodes, obstruction,
downstream, and a DEM layer. We will start by creating and defining the 2D layers we will
need for the model.

1. Inthe File panel, select the2D Eg button near the bottom of the list.
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10.
11.

12.

13.

Toggle on the Enable 2D modeling box.

Click on the Open i} button beside the Bounding layer drop-down menu and
browse to PCSWMM Exercises/K003/Initial/GIS layers.

Select Boundary.SHP and click on the Open button.

Click on the New ! button beside the 2D nodes layer drop-down menu.

Navigate to PCSWMM Exercises/K003/Initial/GIS layers and click on the Save button
fo save the layer with the default name (i.e. 2D Nodes).

Click on the Open i} button beside the Obstructions layer drop-down menu and
navigate to PCSWMM Exercises/K003/Initial/GIS layers and select Buildings footprint
layer.SHP and click on the Open button.

Click on the New | button beside the Downstream layer drop-down menu.

Navigate to PCSWMM Exercises/K003/Initial/GIS layers and click on the Save button
to save the layer with the default name.

In the DEM layer drop-down menu, select the new DEM file that was just created.

Click Yes if asked if you want to set the map coordinate system to NAD83 California
zone 5ft US.

20 X

v | Enable 2D modeling

Bounding layer: Boundary h
20 nodes layer: 2D Nodes i
Elevation layer: -
EBreakline layer: -

Obstruction layer: | Buildings footprint layer -

N s LdLele ldle Lé Ly Ld Ly
W

Centedine layer: - \ —
Downstream layer: | DS boundary condtion - | a
Hydrograph layer: - —
WSE layer: - =
DEM layer: DEM d

|
!
|
!
|
Edge layer: - 1
f
!
f
|
!

Include velocity post-processing

oK Cancel

Click on the OK button to save your 2D settings and close the 2D setup dialog.

Click the Save 'mi button to save your project.

7.3 Create second bounding polygon based on roads layer

In this example, a different Manning's roughness value will be assigned for the roads
compared to the areas around the buildings. This can be done with two bounding polygons,
the first being the overall study area and the second just the roadways. We have already
defined the overall bounding polygon however we still need to create a bounding polygon
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representing the roads. To do this we will use an existing roads layer and use the Split tool to
crop the roads layer to the overall boundary layer.

1.

10.

11.

In the Layers panel, uncheck the DEM layer to improve the responsiveness of
the Map panel.

Load the Roads layer.shp file from the PCSWMM Exercises/K003/Initial/GIS
layers folder.

In the Map panel click on the Open layer *# button.

In the Layer browser click on the Open \f ﬁ button.

Navigate to PCSWMM Exercises/K003/Initial/GIS layers and open the Roads
layer.SHP.

Reproject "Roads layer" from its current system to NAD83 California zone 5ft US and
save it as "Roads". Close the previous "Roads layer" file.

Right click on the Roads layer and click on the Unlock option to unlock the layer.

Click on the Roads layer polygon and press Ctrl+A to select all the roads.

Click on the Edit v button in the Map panel. Select Split £

In split mode, choose After active point /I and then click around the bounding
polygon drawing a cut line just outside of the boundary. The following screenshot
highlights the pathway to be followed with the split tool in yellow.

Click on the Split A putton in the sub-toolbar to split the selected roads layer
polygon. It may take a few seconds to complete the split operation
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12.

13.

14.

15.

Delete portions of the Roads layer outside of the split area.

Click on the area of the roadway layer inside the overall boundary.
Click on the Find "J button and choose Invert selection.

Click on the Delete * button to remove them from the roads layer.

Now we are going to add the edited roads polygon as a bounding polygon.

1.
2.

Copy and paste the Roads layer shape into the Boundary layer.

Click on the Roads layer in the Layers manager and click on the remaining roads
polygon in the map fo select it.

Click on the Copy “ putton.

Select the Boundary layer from the list of layers.

Click on the Lock dl button and select to Unlock the layer.
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k|
Click on the Paste L\_| button to paste the Roads layer into the Boundary layer.

Finally, let’s close the Roads layer.

—
In the Layer manager click on the Roads layer and click on the Close “ putton in
the Map panel toolbar to close the layer.

Click No when asked if you want to save the unsaved work. This way you will sfill
have the original roads layer intact.

7.4 Define bounding polygon attributes

We will now assign the resolution and Manning's roughness coefficients for the bounding
polygons.

1.

Click on the Boundary layer in the Layers panel and select the overall boundary
polygon in the map by clicking on it.

Leave the Style set as Hexagonal, sef the Resolution to 50 ft and change
the Roughness to be 0.085. Leave the Edge afttribute set to No.

Boundany
Attributes
Style Hexagonal
Angle (deg) 0

Resolution ft) 50
Sampling Factor 1
Dist. Tolerance §t) 0
Elev. Tolerance ft 0

Roughness 0.085
Seepage Rate (in/ 0.5
Edge Mo

Select the boundary polygon marking the roads in the Boundary layer.
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2. Leave the Style set as Hexagonal, set the Resolution to 20 ff and change
the Roughness to be 0.025. Change the Edge attribute set to Yes, this will cut the 2D
cells cleanly at the curb.

Boundary
Attributes
Style Hexagonal
Angle (deg) 0

Resalution ft) 20
Sampling Factor 1
Digt. Tolerance fft) G
Blev. Tolerance ft G
Roughness 0.025
Seepage Rate (ns 0
Edge YES

7.5 Create points in 2D nodes layer

Depending on the number of obstructions and the complexity of your bounding polygons
the 2D nodes may take some time to generate. For this particular exercise there are ~1000
buildings in the obstruction layer and the roadway bounding polygon adds complexity, so for
the sake of time we will be providing the points for the 2D nodes layer.

1. Inthe Map panel click on the Tools 7 button.
Click on the 2D modeling section from the list of tool categories.

Select Generate points from the list of 2D tools.

A w0

Check that the layers have been correctly assigned for 2D node creation as shown
in the screenshot. The number of points to be created will be displayed and should
be approximately 12,000.

Generate Points ? x
Points layer: 20 Modes %
Bounding layer: Boundary -

Selected polygons only

Obstruction layer: | Buildings footprint layer -
Centerine layer: -
DEM layer: DEM -

Mumber of points (approx.): 12554

0K i Cence

5. Click OK. It may take a few minutes for the 2D Nodes to be generated.

6. The new layer will automatically be added to the Layers panel and the Map
panel. There should now be approximately 12,000 points in the 2D Nodes layer
within the 2D model domain identified by the Bounding layers.
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7.6 Generate 2D overland mesh

1. Click on the Tools # button and select 2D modeling from the list of tool categories.
2. Select Create mesh from the list of 2D tools.

3. Ensure the layers have been correctly assigned (see screenshot) and click on
the OK button. It may take around 10 minutes to generate the mesh.

Create 20 Mesh X
Bounding layer: Boundary -
Obstruction layer: | Buildings footprirt layer -
20 nodes layer: 20 Modes -
Edge layer: -
Invert elevation attribute from:

* points layer
20 Nodes -
DEM layer
DEM -
Breakline layer
OK Cancel

7.7 Identify 1D nodes to be connected to the 2D overland mesh

The next step is to connect the 1D portion of the model to the 2D overland mesh to connect
the major and minor systems of our dual drainage model. To do this we need to first identify
where the 1D connection points are and mark them by adding a Connect2D tag. Normally
you would do this manually, however for this exercise we have identified the connection
points using a user defined aftribute.

1.  Uncheck the 2D Nodes layer in the Layer panel.
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2. Select all junctions with the attribute CONNECTION set to YES.

3. Inthe Map panel click on the Find “’ button and choose Select by Query.

4. Set the Layer to be Junctions, the Attribute to be CONNECTION, the Operator to
be = and the Value to be YES.

Select by Query: Junctions >
Layer: | Junctions hd Select
Attribute: | CONNECTION - Select within
Cperator: | = - List

Value: |YES -

Search all SWMMS layers

Center zelection
Stored: | Connectiones - '::} R
Query:  |COMMNECTION = YES] Builder ...

Close

5. Click on the Select button, there should be 24 selected junctions.
6. Click on the Close button to close the Select by Query tool.

7. With the junctions still selected, in the Attributes panel type Connect2D in
the Tag attribute.

25 selected Junctions
Attributes -
MName
¥-LCoordinate
Y-Coordinate
Description
Tag ConnectZ2D
Inflows
Treatment MO
Imvert Elewv. ft)

Rim Elev. ft) f=
Depth fft)

Initial Depth §t) 0
Surcharge Depth {
Ponded Area 3 0

Now let's connect these junctions to the 2D mesh:

1. Click on the Tools #* button, select 2D modeling from the list of tool options and
select Connect 1D to 2D.

2. Select Connectto 1D nodes directly and click OK.
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Note: For 2D dual drainage models, it is recommended to use bottom orifices to represent
catch-basins. However, for this exercise, the catch-basin details were not available so direct
connections were used.

7.8 Create downstream layer

Currently the only way for water to leave the system is through the outfall at the north end of
the 1D drainage system. In order to allow surface flow to exit the model across the 2D
boundary, we need to add a downstream boundary line. In the steps below we will draw the
boundary condition line in the DS boundary condition layer.

1. Click on the DS boundary condition layer in the Layer manager to select if.

2. Note: If the DS... layeris locked, unlock it.

3. Click on the Add C} button.

Draw a line across the west side of the 2D mesh, just inside the boundary area by first clicking
on the desired starting position for the line, and then clicking on the desired ending position
for the line. The line should run the full length of the west side of the mesh as shown by the
yellow dashed line.

1. Click on the Commit changes button or press the Enter key to complete the
creation of the line.

2. Click on the Tools P button and select the 2D modeling from the list of fool
categories.

3. Select the Create Boundary Ouffalls tool.

4. Ensure the Downstream layer has been assigned to DS boundary condition, the DEM
layer is selected and click OK.
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Create Boundary Qutfalls ? X

Downstream layer: | DS boundary condition -
Selected entities only

Invert elevation from:
20 cells layer
o DEM layer
DEM -

+| Delete existing boundary condition entities

QK Cancel

5. Click Close to close the Create Boundary Outfalls report.

6. Click on the Zoom X button and zoom into a section where the DS boundary
condition was drawn. Make sure the 2D network is rendered to Show Mesh. Notice
how there are now approximately 90 outfalls added to the mesh.

=

.
7. 1oom back out to the full extent of the SWMM model (click on the Extent '1): button
and select SWMM model and then View).

7.9 Set simulation options

We will now set the simulation options to run the integrated 1D-2D model. When setting the
simulation opfions we recommend you change the Inertial terms to Ignore (SWMM will use a
Diffusive Wave routing method) and set the Minimum surface area o 0.1 ft. This will reduce
the conftinuity error and provide a more reasonable estimate of the extent of flooding.

1. Click on the Simulation Options item from the Project panel and select the Dynamic
Wave tab.

2. Set the Inertial terms opftion to Ignore.
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3. Inthe Minimum surface area box, fype in 0.1.

4. Click on the OK button to close the Simulation Options editor.

Simulation Options 7 x
General Inertial terms | Ignare - |
Dates }
Normal flow criterion Slope & Froude v
Time Steps
Force main equation Hazen-Wiliams -
Cynamic Wave
Surcharge method Extran i
Files
Reporting | Use variable time steps, adjusted by B B %
Events Minimum variable time step 05 seconds
Time step for conduit lengthening 0 seconds
Minimum nodal surface area 0.1 ft*
Maximum trials per time step 8 =
Head convergence tolerance 0.005 ft
Number of Threads 4 -
Apply defaults
QK Cancel

Since this model would take ~1 hour to run the full 24 hour simulation, we will change the
simulation fime fo only include the peak of the event. Hydrology is not simulated in this
model; instead, inflow hydrographs are added directly to the 1D hydraulic model nodes.

5. Click on the Time Series item in the Project panel to show the inflow hydrographs
being used as input into the model.

Note where the peak of the event is for the inflow time series (from 18:00 to 20:00).

Time Series Editor x
Tims series Name:
1082B-INFLOW 1084C-INFLOW Time Series: 1084C-INFLOW
1084CINFLOW Descrolion
1087C =y
1085C z 0 ‘
1081 Use sxtemal data il named below 50|
1083 - L
Tosec @ Entertime seres deta i the table belaw 50+
10570 ¥ no dates, times are relative to start of smulation L ‘
1083E-INFLOW -
ot Dete (W/D/Y) | Time (H1) Value o 40
e EEECEE ¢ |
1o 04042013 | 140 043 5 ‘
11098 04042013 |320 081 |
1108 040472003 |500 076 i ‘ |
M042013  |640 093 A5 [
0404203 |820 118 I |
04042013 | 1000 144 o /
040472013 | 1140 19 v
04042013 1320 258 | - !
040472013 | 1500 2369 L — —
4 Thu 5Fri
04042013 | 1640 620[~]  apro0t3 BHERS
add Del = e Options oK Cancel

6. Click OK fo close the Time Series editor.
7. Click on the Simulation Options ifem in the Project panel.
8. Click on the Dates tab to change the date of the simulation.

9. Change the Start analysis on time to be 18:00:00, change the Duration to be 2 h
and then click OK.
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Simulation Options

General

Dates Start analysis on
Time Steps
Dynamic Wave Start reporting on
Files

End analysiz on
Reparting
Events Start sweeping on

End sweeping on

Antecedent dry days

Set simulation period
from time series

Date (M/DY) Time (H:M:S)
(0470472013 - | |[18:00.00 F=)|
v | Sync
(0470472013 = | [18:00:00 F=|
Duration {h)
(040472013 ~ | (200000 F=]] 1
12/31 [%
0
OK Cancel

7.10 Run the model and visualize results

The model is now ready to run.

1. Click on the Run J button to run the model.

2. When a warning message about the routing time step appears, click on the option

to Continue anyway.

It may take between 10-15 minutes to run the model depending on the speed of your

computer.

Once the run is complete, check that the routing continuity error is less than 5%. If it is
between 3-5% it is likely a result of the model being run for such a small duration of the event.

We will now render our 2D cells to show the maximum extent of flooding.

Once the model is done running, uncheck the Boundary layer in the Layers panel.

Render the 2D mesh to show cell max. depths.

3. Click on the Tools )k button and select 2D modeling from the list of tool

categories.

4. Select Render 2D network and select Show Cell Max Depths.
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You can also render the model based on Maximum Cell Max. Velocity and animate the 2D

cells using the Play @ button in the Map panel.

7.11 Adding an elevations layer (Optional)

You may have noticed when the model was rendered to show the maximum depth, there is
a section running from north to south showing odd rendering where the depths of water
notably vary between adjacent cells. This is caused by the cell elevation being sampled from
the center location of the 2D cell. In this case it is suggested that an elevation layer is used to
sample the DEM at a higher resolution and from there assign the average elevation in the
cell as the cell elevation.

1. Duplicate the project to create and then open a new scenario called 2D Simi
model with elevations.

2. Click on the Plan B button and click on the Add # button.

3. Select Duplicate Current Project and name the project 2D Simi model with
elevations.

4. Open the newly created scenario.

5. Click on File and select 2D from the options on the left side of the screen.

6. Click on the New | button beside the Elevation layer drop-down menu.

7. Navigate to PCSWMM Exercises/K003/Initial/GIS layers and click Save to save the
file with the default file name (i.e. Elevations.SHP).

8. Click OK to close the 2D window.

9. Select the Boundary layer from the list of layers and unlock the layer.
10. Click on the overall boundary polygon.

11. Click on the Tools # butfon.

12. In the 2D modeling section, select Generate Points.
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13. In the Points layer drop-down menu, specify Elevations.

14. Ensure that the Selected polygons only box is checked and the DEM layer has been
assigned.

15. Click OK.
Now we want to regenerate the 2D overland mesh

16. Click on File and select 2D from the options on the left side of the screen.

1 Click on the Tools ’ button.

~

18. In the 2D modeling section, select Create Mesh.

19. Under Invert elevation attribute from, select points layer. Select Elevations from the
drop-down menu.

20. Ensure the other 2D layers are properly assigned and click OK.

Create 20 Mesh ? *
Bounding layer: Boundary =
Obstruction layer: | Buildings footprint layer -
2D nodes layer: 20 Nodes ¥
Edge layer: -

Invert elevation attribute from:
® ' points layer
Elevations -
DEM layer
DEM -

Breakline layer
QK Cancel

Because we are using direct connections we need to reconnect the model. Had we used
orifice connections the orifices would have automatically been recreated.

21. Click on the Tools # button.
22. In the 2D modeling section, select Connect 1D to 2D.
23. Choose to Connect to 1D nodes directly.

24. Click OK.

=

25. Click on the Run < button to run your model.

When a warning message about the routing time step appears, click on the option
to Continue anyway.
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It may take 10-15 minutes to run the model. Once the run is complete, note how the
rendering in the one area has improved. As an additional step create a hydrograph layer in
the backstage 2D options and compare the flow across this channel.
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