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This workbook is designed for use in Live instructor-led training and for OnDemand self-study. The explanations
and demonstrations are provided by the instructor in the classroom, or in the OnDemand videos for this course
available on the Bentley LEARN Server (learn.bentley.com).

This practice workbook is formatted for on-screen viewing using a PDF reader.

It is also available as a PDF document in the dataset for this course.

Ponds — a Physical and Hydraulic
Introduction

SELECTseries 4 (08.11.09.845) or newer

About this Practice Workbook...

e This PDF file includes bookmarks providing an overview of the document. Click on the bookmark to quickly
jump to any section in the file. You may have to turn on the bookmark function in your PDF viewer.

e Both Imperial and Metric files are included in the dataset. Throughout this practice workbook Imperial values
are specified first and the metric values second with the metric values enclosed in square brackets. For
example: 72°[3.4m]

e Having an appropriate workspace is very important when using the OpenRoads technology. The workspace
contains the standards and other design specifications needed to complete your work.

This training uses the Bentley-Civil workshop delivered with the software. It is very important that you select the
Bentley-Civil workspace when working the exercises in this course.
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Description and Objectives

Post-development runoff can be a lot higher than the runoff which occurred before the scheme was built (the pre-development situation).
There will be more impervious area, with a smoother surface and a quicker response time, than the grass and vegetation that it replaces.
This places an extra burden on the receiving watercourse, which can cause problems such as erosion and flooding.

For these reasons, it is common that the runoff from a proposed scheme needs to be controlled. This can either be to a maximum flow for a
stated storm event (e.g. so many ft®/s [L/s] for a 100 year, or 1% probability storm), or restricted to the pre-development levels. One
commonly used method for achieving this is some form of attenuation, such as a retention pond. This is used to store post-development
runoff and release it at a controlled rate. This ensures that the effect of the new development on the receiving watercourse is minimized.

Our class development is the construction of a road through a field. Assuming that a pond will be required:

We will first prepare out drainage model for the new pond inlet and outlet structures and their pipes — the physical layout
then we will analyze the pre- and post-development runoff to guide our pond design

we will then define the hydraulic characteristics of the pond and the outlet control structures

next we will make sure the pond and its network are hydraulically connected.

Finally, we will analyze our design and adjust it as necessary to meet discharge targets.

Skills Taught

This workbook shows you how to:

Review the pre-development situation

Physically place a pond alternative, including pond inlet and outlet structures

Compare pre and post-development runoff

Define the pond storage characteristics and outlet controls structures’ hydraulic properties
Integrate the Hydraulic Properties with the physical structures

Analyze the results
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Skills Assumed

This training assumes that you are familiar with hydraulics, OpenRoads technology, and the OpenRoads technology utilities and drainage
capabilities. This is an advance class; it is assumed that you understand the concepts and techniques covered in the Subsurface Utilities

Learning Path.
Workflow In a Picture
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Getting Started

1. Start the software.

2. Select the workspace...

InRoads, GEOPAK, and PowerCivil Users
A. Select the User, Project, and Interface settings.
e User: Examples
e Project: Bentley-Civil-Imperial or [Bentley-Civil-Metric]
¢ Interface: Bentley-Civil

Continue with step 3

Help with the Workspace

If the Bentley-Civil-Imperial or [Bentley-Civil-Metric| projects are not
listed, review the troubleshooting information in the Bentley
Communities by clicking here or visiting communities.bentley.com
and searching for “Civil Workspace”.

MX ROAD Users

A.
B.

On the MX Project Start Up window, click New Project.

Click Browse and select the folder where the training
dataset is located.

C. Keyin Training in the Project Name field.

G.

Set the Default MX Project Settings to UK _imperial
[UK_metric].

Select the User, Project, and Interface settings.
e User: Examples
e Project: Bentley-Civil-Imperial or [Bentley-Civil-Metric]

o Interface: Bentley-Civil

. Click OK. The MX project files are created and the

software opens into a blank file named draw.dgn.

Select File > Open from the CAD menu.

Continue with step 3

3. Browse to the folder where you unzipped the dataset files and select the file _Pond Design.dgn [ _Pond Design-METRIC.dgn].
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Reviewing the File’s Scenarios and Alternatives

Description

In this exercise, you will review the pre-development situation, looking at the scenario that has already been set up, and the data that it
contains.

Skills Taught

e Using Scenario Comparison tool

e Reviewing Scenarios and Alternatives
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Using the Scenario Comparison tool to Compare Two Scenarios

1. In Compute, click Scenarios. 9
o _ _ _ L] Scenarios = ©
This file contains a number of Scenarios. We are concerned with two: a pre- and post-

development scenario. The difference in maximum discharge rates will determine our pond
control design. The pre-development scenario is named Pre-Development. The scenario

‘ Hydraulic Analysis
A X @ A @ T BSearch @

from which we will determine our post-development discharge rate is 100 Year SWMM ‘ g 1812:;2:;‘3;5
Analysis. = £ 100 Year Peak Flow Analysis
=) With Adjusted Headloss Coefficients
=3 Larger Pipes
{5 100 Year SWM alysis
£ 4 Pre-Development]
! “x Tools
2= =
. . . ""23— A ¥ ario Compariso
2. In Tools, click Scenario Comparison. Scenario Comparison
3. Click on the New icon =] Scenario Compariso
This opens the Create new scenario comparison tool. j\ a2 a-3|e
. : : pmparison’
4. Compare Pre-Development and 100 Year SWMM Analysis. e Create new scenario comparison um S
Select scenarios to compare
cenano
Scenano 1 Pre-Development v 3 3dy to beg
— g the list (on
Scenano 2 100 Year SWMM Analysis viie on of data
e-stamped

oK Cancel

There are a few Alternatives that are different. The only relevant difference — we will explain shortly — is the Active Topology Alternative.

If you right-click on the Active Topology header and click Compare, you will get a detailed =
comparison of the two topologies. —
A | A-@E| e ‘

>Tﬁ_=_‘) Pre-Development vs. 100 Year SWMM Analysie
= {3 Altematives

Achve T opolon.

User Data Ext¢ Co! re |
Physical ReSﬁ

Raundare Canl
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The essence is that the Pre-Development Topology contains a single
grass project-wide catchment and the network outfall. The 100 Year
SWMM Analysis contains the new pavement catchments but not the

pre-development grass catchment.

We'll review the details of these Scenarios below.

(E]

AxXxEBR-2|9

@ Pre-development vs. 100 Year SWMM Analysis

L:H% Altematives
Hé} Active Topology

-5 Differences - 11/4/2016 1:34 PM

3% User Data Extensions
=% Physical

-*% Boundary Condition
L Initial Settings

Hydrology

QOutput

Infitration and Inflow
Rainfall Runoff
Water Quality
Sanitary Loading

L Headloss

Operational

=% Design

System Flows
SCADA

(-8 Calculation Options

Scenario C

| Catch Basin | Condut | Gutter | Catchmert |

Is Active?
Is Active? 100 Year

| ’re-developmeni SWMM

| Analysis

Label

4
4

168: C [Catchment-3 i []

169: C |Catchment4 | L 4
170:C |Catchments | [1 p
171: C | Catchment-7 [ w-—l
172: C | Catchment-6 ] vl %
173: C | Catchment-8 [] —
174: C | Catchment-9 Ll =
175: C | Catchment-10 []

176: C |Catchment-11 L]

177: C | Catchment-12 [ —
178: C | Catchment-13 []
179: C |Catchment-14 [l i
180: C gichment-{s [] —M
181: C | Catchment-1 [] 1
218: C |CatchmentPre | | | -

Eéatchment—Pre i
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Reviewing the File’s Scenarios and Alternatives

1. In Compute, click Scenarios.

& compute mEEEA
Q R f_}il

s o5 5%

E 2

The Scenarios dialog lists the scenarios that are in the design. At the bottom of the list, there is a Scenario called Pre-
Development, and this is the one which models the situation before the scheme is built.

L] Scenarios - =
2. Confirm that the Pre-Development Scenario has a red tick against it, showing us that it is the current Hydraulic Analysis ‘
Scenario. D-X | B-@ B @ %% [FEsearch .

- 10 Year Design
=6 10 Year Analysis
=5 100 Year Peak Flow Analysis
(= With Adjusted Headloss Coefficients
= Larger Pipes
[=-E Main Network Only
{5 100 Year SWMM Analysis
(& Pre-development

3. Double-click the Pre-Development Scenario to show the settings for it in the Hydraulic Analysis tab of Utility Properties.

This dialog shows us the Alternatives and Calculation Options that the Scenario uses. We can see :g;j:g;:;gy S m—
that some of the Alternatives use the Base settings, and others have been changed. We will review the = UserDstaExtensions  Base User Data Extensions
. . . . Physical Design the System

ones that have been changed — starting with the Rainfall Runoff Alternative. Boundary Condition Base Boundary Condition

Initial Settings Base Initial Settings
. . - . drol SCS
Before we do that, note that the Calculation Options are set to SWMM. These options are covered in B"’u,puf’gy Fass OupiE
1 1 1 1 Infiltration and Inflow Base Infiltration and Inflow

the Analysis and Design - Dynamic Modeling class. i e
Water Quality Base Water Quality
Sanitary Loading Base Sanitary Loading
Headloss Base Headloss
Operational Base Operational
Design Base Design
System Flows Base System Flows
SCADA Base SCADA
Calculation Options

Solver Calculation Options  SWMM

4. In Compute, click Alternatives.

-
]
||
>

@Compute
QE &= @
WE B 8
e@E
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The Alternatives dialog shows all of the Alternatives. The ones that are used by the current Scenario

Bt Alternatives - ©
have a red tick against them. Hydraulic Analysis
B THW e
[ = 43 Active Topology

=% Base Active Topology
% Pre-Development
+ g User Data Extensions
= 4@ Physical
- = Base Physical
2. Design the System
% Larger Pipes
+ i3 Boundary Condition
+ 43 Initial Settings
= iz Hydrology
—}-=% Base Hydrology
2 SCS
+ i3 Output
+ 43 Infilration and Inflow
— 4z Rainfall Runoff
+- =% Base Rainfall
+ 43 Water Quality
+ 43 Sanitary Loading
Headloss
-1 % Base Headloss
=% Adjusted Coefficients
+ i3 Operational
43 Design
% Base Design
= Larger Spread Width
# {3 System Flows

343 SCADA
5. Expand Rainfall Runoff, then double-click 100 Year SCS Type III. = Rainfall Runoff : 100 Year SCS Type Il ( Drainage Desi.. — &
N v D@
Global Rainfall | » Manhole | [ Outfall | 7] Catchment| < Pond| 2 WetWell
The Rainfall Runoff Alternative dialog shows us that the Global Storm Event Altemative: 100 Year SCS Type i
has been set to SCS Type lll 24 Hour Storm. That tells CivilStorm how the rain  ciobal StormEvent SCS Type ll 24 Hour Storm (SC v
is falling during this event. The next thing to consider is what happens when it Source: Orphan (local)
hits the ground. Return Event 100
Intensity (Average): 7.292 mm/h
6. Close the Rainfall Runoff Alternative dialog. B — i
Duration (Modified Rational): 24.000 hours
Maximum Storm Intensity: (N/A) mm/h
* |v| =Basedata vl = Localdata [ = Inherited data

7. InView 1, zoom in to the graphics at the top of the view.

8. Locate the catchment boundary which is drawn in a green dot-dash line style.
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9. Hover over it, and a tooltip tells you that it is Polygon: Catchment-Pre. This is the catchment which models the pre-developed area of

land.

10. In the Alternatives dialog, double-click the SCS Hydrology Alternative.

The Hydrology Alternative dialog opens. Catchment-Pre is listed at the bottom. We can see that it is using the EPA-

SWMM Runoff Method, and the Loss Method
column tells us that it is using the SCS CN (Soil
Conservation Society Curve Number). We can
also see other information, such as the Outflow
Element that this catchment discharges to, which
is the outfall at the top of the graphics.

The Hydrology Alternative dialog also lists other
catchments, so why aren’t they all contributing
runoff in the Pre-Development Scenario?

The answer is because they are not active in this
scenario — they have been excluded from it. This
is done using a Topology Alternative.
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=% Hydrology :
- e 2 @
[ Catchment 4 Low Impact Development Control | [Z] Catch Basin )
Column View
Use
<Al> * D Label 51:3?::1 Loss Method g:rt::rg Scaled
Constant Loss Rate Area?
Green-Ampt | § | | § !
*Groundwater 168: Catchmen 168 »Catchment-B | Unit HydrograplsCS CN |INR1 |
Horton 169: Catchmen| | 169 | Catchment-4 | Unit Hydrograp | SCS CN _}IN-RZ |
Generic UH 170: Catchmgn_ 170 ‘(_Iatchment-s | Unit HydrograpivSCS CN |IN12 |
Modffied Rational 171: Catchmen| | 171 | Catchment-7 |Unit Hydrograp | SCS CN |INL3 |
Rational 172: Catchmen| | 172 |catchment-6 |Unit Hydrograp | 5CS CN |INR3 |
RTK UH 173: Catchmen | | 173|Catchment-8 | Unit Hydrograp | SCS CN |INR4 |
SCSCN 174: Catchmen| | 174|Catchment-3 |Unit Hydrograp | SCS CN |IN-L4 |
SCS UH 175: Catchmen| | 175 |Catchment-10 | Unit Hydrograp | SCS CN |INRS |
SWMM-Runoff 176: Catchmen | 176 |Catchment-11 | Unit Hydrograp | 5CS CN |45
Initial Loss and Consta... 177: Catchmen | | 177 catchment-12 | Unit Hydrograp | SCS CN | e |
kit L oss and Lonsta. 178: Catchmen| [¥] | 178 |Catchment-13  |UnitHydrograp|SCSCN  |IN46 | ™
EII‘:::(Area 179: Catchmen| | 178 Catchment-14 |Unit Hydrograp | SCS CN |INR7 |
180: Catchmen| | 180 | Catchment-15 | Unit Hydrograp | SCS CN |INL7 | 7
181: Catchmen| | 181 |Catchment-1 | Unit Hydrograp | SCS CN |IN-L1 ™
218: Catchmen| [] | 218 CatchmentPre |EPA-SWMMRu|SCSCN __|o-
<
* |yl =Basedats ¥l =Local data [l =Inherited data 2
4
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Pre-Development Topology

1. Inthe Alternatives dialog, expand Active Topology, so you can see that the Pre-Development Alternative is current.

Note that this is a Base Alternative, not a Child Alternative. The reason for this is that a Base
Alternative cannot inherit from its parent. In the case of a Topology Alternative, by default nothing in
it is active, because it assumes that it has been created to contain new elements.

2. Double-click Pre-Development.

The Conduit tab is shown, and from this we can see that no conduits are active in this Scenario — none of the boxes in the

Is Active? column are checked.

3. Inspect the Gutter and the Catch Basin tabs. They show the same thing — that no

L]

' Hydrauiié Anai);sis

AIXRPERMIATET @

S

z 4@ Active Topology
I=X, Base Active Topology

elements of those two types are active in this Scenario. =
-2 e
£ Conduit Lateral | % Channel 12 | Gutter | @ Pressure Pipe [ 1 cat
* D label | i ‘
122: 55-1 122 |55-1 | =
123:552 | | 123]ss2 ]
124:553 | | 124|553 O
125: 55-4 | 125|s54 |
126: S5-5 | 126(s5-5 O
127:556 | | 127]s56 ]
128: S5-NoPon | 128 S5-NoPond O
134: S5- | 134ss- O
4. Scroll to the right, and inspect the Outfall tab. This time we see that the outfall Outfall — =2 S
is active, so we know that this Scenario does have an active outfall. B7:ss10 | M | 137(s510 O
138: 55-11 | 138[ss11 O
139:55-12 | | 139)ss-12 O
140:S5-13 | | 140|ss-13 O
% * || =Basedata [l =Local data O =Inheriteddatag
-2 e
| % Transtion | 2 Tap | © Cross Section | [ Outfall [ Catchment
- * D | label | AdI;e_, ‘
214: Outfall 214 | Outfal | ]
L3
'* [y] =Basedata vl =Llocal data [] =Inherited datag
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Finally, inspect the Catchment tab.

Here we can see that only Catchment-Pre is active in this Scenario — in 'ﬁ'
other words it is the only one that contributes runoff in it. S-HivBe -
o |  Transtion | # Tap | # Cross Section | [ Outfall| [ Catchment | =
5. Close the Topology Alternative dialog. - | s
¢ D Label Active?
169: Catchment-4 169 | Catchment-4 O
170: Catchment-5 170 | Catchment-5 [}
171: Catchment-7 171 | Catchment-7 O
172: Catchment-6 172 | Catchment-6 O
173: Catchment-8 173 | Catchment-8 O
174: Catchment-9 174 | Catchment-9 O
175: Catchment-10 175 | Catchment-10 |
176: Catchment-11 176 | Catchment-11 O
177: Catchment-12 177 | Catchment-12 O
178: Catchment-13 178 | Catchment-13 O
179: Catchment-14 179 | Catchment-14 O
180: Catchment-15 180 | Catchment-15 O
181: Catchment-1 181 | Catchment-1 O

Copyright © 2016 Bentley Systems, Incorporated

18: Catchment-Pre )

218 Catchment-Pre

!
(

* |y| =Basedata

vl =Local data

[ = Inherited daQ
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Ensuring Good and Post-Development Numbers

Before moving forward with a new Pond Design, it is a good idea to make sure that the calculations for the Pre-Development and the current
Post-Development Scenarios are good. We really do not know when those calculations were actually performed, so let’s do it now.
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Activating CivilStorm

1. On the menu, click Tools, then click as shown in the picture below to switch to CivilStorm.

Product Add-Ins » B Activate Descartes I:H B || &3 | o View 2 - Top, Default-3D
v Tasks [

Subsurface Utility Design and Analysis » & Activate Subsurface Utility Engineering

Animation » ‘E Switch to Bentley StormCAD Unlimited Current Hydraulic Analysis Product (StormCAD 100 Inlets) »
Base Geometry »| &l Switch to Bentley CivilStorm

Cells » @ switch to Bentley SewerCAD

Change Tracking »| /@ Switch to Bentley SewerGEMS

Note: CivilStorm is not included by default in an OpenRoads license. Activating CivilStorm will log usage against the
License Server.

You will see a warning message about licensing and the potential to incur charges if you
do not own the appropriate license.

Switching to this solver MAY INCUR ADDITIONAL LICENSE
USAGE CHARGES.

Select Yes to save your current work and change the currently
active hydraulic analysis product to Bentley CivilStorm. This
change will remain in effect throughout the current session.

2. Click Yes.

CivilStorm is activated, and the extra functionality that it contains is now available.
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Batch Computing Pre and Post-Development Scenarios

Our engineering goal is to cap the post-development peak discharge rate to the pre-development peak. We need the rates for both. We will
Compute the Pre-Development Scenario and the last still-valid post-development Scenario: 100 Year SWMM Analysis (the pond scenario is
not ready for calculations yet).

We could compute these Scenarios on their own. However, we compute multiple Scenarios at once using the Batch Run mode.

L] Scenarios — =
1. Inthe Scenarios dialog, click the pull-down arrow to the right of the green Compute arrow icon. Hydraulic Analysis
) A-X il Bia@ @@ T T FHSearch @
2. Click Batch Run from the pull-down. & lcYeafD]a%gn
= 10 Yaar Analucia
The Batch Run dialog lists the available Scenarios.
3. Check the Pre-Development and 100 Year SWMM Analysis Scenarios and click the Batch button.
Lo Scenarios - ©
Hydraulic Analysis e Batch Run
1+ X fil { @ 5 F5 Search @
~ Label Solver
= 10Y8 Scenario =
& 10Ye! || 10Year Design GVF-Rational (Stor
=R, [] 10 Year Analysis GVF-Rational (Stor
=) efficients [T] 100 Year Peak Flow Analysis GVF-Rational (Stor
= [T] with Adjusted Headloss Coef e e ey
| Batch Run. &7.322 B [larcer Piges Please Confirm E
& Pre-Development [v] Pre-Development |

[v] 100 Year SWMM Analysis

[ ] 100 Year SWMM With a Pond )
L= b bl 0 Run 2 scenarios as a batch?

Yes{} No

Batch Select

4. Inthe Please Confirm dialog, click Yes.

Both Scenarios are computed, and — because they are using the SWMM solver - this includes calculating the runoff
hydrographs and routing them through the system.
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In the case of the Pre-Development Scenario, the system only comprises the catchment and an outfall, as we have seen
from reviewing the Topology Alternative.

The 100 Year SWMM Analysis Scenario, however, includes all of the other catchments, the inlets, and the conduits that
we can see. It also ends at the outfall at the top of the graphics — this outfall is active in both Scenarios.

Note: you do not get the same level of feedback about the calculations. If you want to be sure about calculation
completion of particular Scenario, you would have to calculate them individually.

5. Click OK on the Information dialog if one appears.

Copyright © 2016 Bentley Systems, Incorporated DO NOT DISTRIBUTE - Printing for student use is permitted
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Preparing for the Pond

Now that we know how our file is set up and that our calculations are current, let’s set it up for a Pond.

We will create a new Pond Scenario pointing to a new Pond Topology.

Scenarios have been covered in other classes, and the Managing Multiple Scenarios class goes into some depth on this subject.

Copyright © 2016 Bentley Systems, Incorporated DO NOT DISTRIBUTE - Printing for student use is permitted
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Creating a new Active Topology Alternative for the Pond

We will need a new Topology Alternative, to store the new pond elements. Why?
e We don’t want pond elements to be included in the pre-development scenario.

¢ We don’t want them in the proposed system that we have designed so far, either. It makes sense to leave the unmitigated design
intact.

* There may be multiple mitigation alternatives for evaluation, such as underground storage, different sized ponds or
combinations thereof.

e Multiple Scenarios are easily managed by creating children of the “base” design scenario. Changes to the base design will be
inherited by all the children.

¢ Maintaining a “pre-pond” state provides a clear and cleanly “archived” starting point should new mitigation alternatives need

evaluation.
1. In the Alternatives dialog, expand Active Topolo
9 P P 9y 1 Alternatives - & n
2. Click the Base Active Topology Alternative Hydrauic Anslysis
AXI2NAATT o
3. Right-click, then click New > Child Alternative S R e
A §; Pre-Developm New » Child AI[}malive
4 # {3 User Data Extensi

Click the new Alternative, change the name to With Pond @ Physical Delete Base Alternative

= =% Base Physical
B yrbebpey

The Alternatives dialog should look like this now.
[ W1 Alternatives = &

Hydraulic Analysis
= 43 Active Topology
- = B‘ase Active Topology

=
2. Pre-Development
+42 |lser Nata Fytansinne

|
|
AXD28MA AT T o

We have created a Child Alternative of the Base Active Topology Topology Alternative because we want to inherit the
settings from the parent. We want the conduits, catch basins, and catchments to be active, because they will discharge
into the pond.

The Utility Properties dialog should look like this now. Altematnes :
Active Topology With a Pond
User Data Extensions <I> Base User Data Extensions
Physical <I> Larger Pipes
Boundary Condition <I> Base Boundary Condition
Initial Settings <> Base Initial Settings
Hydrology <I>SCS
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Creating the Pond Scenario

1. Inthe Scenarios dialog, click on the 100 Year SWMM Analysis Scenario.
. . . . Hydraulic Analysis
: - > . ‘
2. Right-click, and select New > Child Scenario A T T
3. Name the new Scenario 100 Year SWMM With a Pond. -
= [@ []‘:_BOOYgar Peak Flow Analysis )
4. Select it, right-click > Make Current =l e v e
=+ Main Network Onl
B2 =1 100 Year SWMM Analysis S| |
{&@ Pre-development Make Caront |
=== Compute L B )
i New ' Base Scenario
Properties Child Scenario [
The Scenarios dialog should look like this now. » Scenarios — O
. . . .. Hydraulic Analysis
Note the red tick showing that the 100 Year SWMM With a Pond Scenario is A% @D @38 ¥ |Esearth @
current. ~{ 10 Year Design
S'@é’)rggr\(f\nalgsiskﬂ Analysi
. . . = earrea ow Analysis
Ensure that this is how your dialog looks. |~ 5 Wih Adjusted Headloss Cosficients
i (=& Larger Pipes
(= Main Network Only
[=-E 100 Year SWMM Analysis
i @@ 100 Year SWMM With a Pond
‘ - Pre-development
Note: We need to make this new Scenario current because the next step is to create some new Alternatives for the new
pond elements. The work that we are about to do will be stored in the Alternatives that are active, so it is important to set
this up correctly. All is not lost if you make a mistake here, because you can change things like the Topology Alternative
after an element has been created. It's easier to get the setup right before you start.
3 Alternatives
Active Topology <I> Base Active Topology
. . . . o . User Data Extensions <New. >
5. Double-click the 100 Year SWMM With a Pond Scenario, to show the settings for it in the Hydraulic o b Beee N T
Analysis tab of Utility Properties. oot FreBzisomen
Qutput <> Base Oudut
This dialog shows us the Alternatives and Calculation Options that the Scenario uses. At the om0 ko >
moment, everything is inherited from the parent Scenario. In many cases, this is what we need — for e o s e
example the inherited Physical, Hydrology, and Rainfall Runoff Alternatives contain the correct data. %= <5 Adusied Coslicrents
y y y Operational <I> Base Operational
Design <I> Larger Spread Width
6. Click the Active Topology Alternative and select With Pond. oo Do sOn
3 Calculation Options.
Snlver Caleulation Ontinns SWMM
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Placing a Structure to Discharge into the Pond

The pond is next to the northernmost pipe in the network.

1.

Zoom into this area.

The next step is to define the inlet structure for the pond. We will use a headwall for this.

2.

Copyright © 2016 Bentley Systems, Incorporated

In Components, click Place Node. @ components

d@ @y

WEl =+ @ 3
E & Place Node

In the Place Node dialog, select the Headwall A Feature Definition.

Type a Prefix Name of HWtoPond so that the new label clearly identifies which structure this is.

At the Select Reference Element for Elevation. Reset to Type Elevation prompt, click the
pond bottom.

Click to accept the default Placement Type (By Minimum Depth).

Locate the headwall in the bottom right corner of the pond (the exact position is not critical).

DO NOT DISTRIBUTE - Printing for student use is permitted

[ Place Node - ©
|| Vertical Offset  -4.000
(] Rotation 0'00°

Placement Type By Minimum Depth

Feature Lol
Festure Definition  Headwall A v
Name Fﬁhx HWioPond

[Select Reference Element For Elgvation

<Reset> 1o

Type an Elevation

Feature Site_Pond
Active Profile: Bottom
Level Site_Pond

kCtosed Complex Element ch;m
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8. Rotate the node as you wish.

9. Click to accept the rotation.

Copyright © 2016 Bentley Systems, Incorporated
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Creating a Pond Outlet Structure

10. In Components, click Place Node. @ components

WE =~ @ 3[F
Ej @ Place Node

11. In the Place Node dialog, select the Drainage Nodes > Pond Outlet Feature Definition.

12. At the Select Reference Element for Elevation. Reset to Type Elevation prompt, click the pond water
top graphic.

[[] Elevation 31645000
[[] Vertical Offset \OOOQOO
[ Rotation oo

Placement Type |By Minimum Depth [v]

Feature
Feature Definition Po;dbgtlet L Vi
Name Prefix PO-

Note that this is for the top of the structure. There is also a pond “Freeboard” graphic. Hydraulically, it does not matter

which you pick. The hydraulic information — the control structures, weirs, orifices, etc. — is input later.

13. Select the default Placement Type (By Minimum Depth)

14. At the Define Pond Outlet prompt, datapoint near the top edge of the pond (the

exact position is not critical) \
15. Rotate the node as you wish <
16. Click to accept the rotation. \%\ \
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Closed Complex Element: Pond Top - Water
Feature: Site_Pond

Active Profile: WaterTop

Level: Site_Pond

Ref: Pond (Pond_Grading Model.dgn)

[1 1l
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Adding the Pond’s Pipes

We have now created the pond’s inflow and outflow structures. We need to connect them to the contributing network and to the receiving
structure.

First let’s connect the new headwall HW-1 into the piped system.

=
i
n
>

1. In Components, click Connect Conduit Between Nodes. 3 components

R AR
(;Elw @3
@ Eonnect Conduit Between Nodesi
oY« s @@c =
»:JheBG

Curve Variables Lol

3. Select the Storm Sewer Circular RCP Feature Definition. ] bt D

st e emuliSulue.

2. For clarity, type SS To Pond for Prefix Name.

D Segment Length 244000

4. Select the 21” [500mm] Description.

["] slope Angle 0.00%

Feature »
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Feature Definition
Name Prefix

Description

‘Storm Sewer Gireular RO Y |

ss-

500mm Ml
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5. Atthe Select Start Node cursor prompt, pick node IN-L7. Jj’

The pipe will head to the headwall, so pick a suitable location just to the left of the top
of the catch basin.

© Place Link Betwee.. —

Curve Variables
[ Pun 0.02500
[] Segment Length 244000

[_] Slope Angle 0.00%

Feature L)

Feature Definition Storm Sewer Circular RC ¥
Name Prefix SS-
Description 500mm b

TTNode iNL7
!/ [ |Level: Drainage-Stommsewer

6. Atthe Select End Node cursor prompt, pick headwall HWtoPond.

© Place Link Betwee... —

Curve Variables
[ pun 0.02500
[C] Segment Length 244000

[[] Slope Angle 740%

-

Feature
Festure Definition  Storm Sewer Circular RQ ¥
Name Prefix Ss-

Description 500mm ¥

Now we need to connect the pond outlet structure to the outfall. Recall that the orifice in the pond outlet structure has a
diameter of 9” [200mm].

7. Inthe Place Link Between Nodes dialog, change the description to 1 foot [300mm].
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8. For clarity, type SS From Pond for Prefix Name.

9. Atthe Select Start Node cursor prompt, pick pond outlet PO-.

Curve Variables o]
[T pun 0.02500
D Segment Length 24490Q

["] slope Angle 0.00%

10. The pipe will head to the outfall, so pick a suitable location just to Feature -

the right of the top of the pond outlet.
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Feature Definiton | Storm Sewer CircularRQ Y |
Name Prefix |SS- |
Description 500mm v

/

/,
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@\‘Ss[@c’lr&r@g Node |

Node: PO-
Level: Drainage-StormSewer

© Place Link Betwee.. — &
Curve Variables -

[ pun 0.02500
[T] segment Length 244000
[_] Siope Angle 0.00%

Feature L
Feature Definition | Storm Sewer Circular R ¥
Name Prefix Ss-

Description 300mm 2
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Pipe Topology

You will have noticed that we now have two pipes (SS-NoPond and SS To Pond) which exit catch basin IN-L7, and two pipes (SS-NoPond
and SS From Pond) which enter the outfall. This does not reflect what we will actually build because — assuming that we do build the pond —
pipe SS-NoPond will not exist. If, however, we decide that the pond is not the correct solution, and we adopt a different strategy, then pipe
SS-NoPond may exist. What we therefore need to do is to state that pipe SS-NoPond is not active in this pond Scenario.

11. In View 1, select pipe SS-NoPond. | GemmennL - 2
. . o . . Label SS-7
12. In the Hydraulic Analysis tab of Utility Properties, locate the Active Notes -
GIS-IDs <Collection: 0 items>
TOpOIOgy Category Hyperlinks <Collection: 0 items>
Node Reversal <Reverse Start/Stop>
. . . tart Node IN-L7
13. Click the value for Is Active? From the drop-down list, select False. oo TEi o
= <Geometry>
Geometry <Collection: 2 items>
B Active Topology /
Is Active? True /
B Diversion True
Is Diversion Link? / /
El Headlosses i T |
Entrance Loss Coefficient  0.000
Exit Loss Coefficient 0.000
Average Loss Coefficient ~ 0.000
= Output
Output Options Summary Results
= Physical (Control Structure) =
Flap Gate? False R
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Hydraulic Pond Design

We have previously placed the physical structures that make up our pond-specific design: pipes, a headwall and a pond outlet control
structure. We still must define the hydraulic properties for the pond design and make the network connections for the pond.

We will need to:

Confirm the hydrology and hydraulics
Evaluate the pre- and post-development discharge
Identify a shape to represent the pond. This shape will store the storage characteristics of the pond, which we will specify
Hydraulically connect the network headwall to the pond, so that the pond has defined inflow
Define the pond outlet control structures’ elevations, shapes, sizes and other properties
Connect the Pond Outlet element to
o The Pond Element, so that inflow staging is available

o The Outlet Control Structures to regulate the outflow

When the hydraulics are set up and the pond network structures connected, we Compute the pond Scenario. Evaluate and refine.
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Reviewing Rainfall Data

To create a runoff hydrograph, we need to use a storm event that models how the depth of rainfall varies over the course of the storm event.

1. In Components, click Storm Data. Components HH
de g e n

=

2. Inthe Storm Data dialog, on the left hand side, click SCS Type Il 24 Hour Storm

A-XmER m e | Storm Eventinput | Library | Notes

=& Time-Depth AvX | 2 ¢
-] 24 Hour Storm s 3
{7 SCS Type Ill 24 Hour Storm Label Return Event (years) Start Time (hours) Increment (hours) End Time (hours) Depth (mm) Time
- Time-Intensity SCS Type il 24 Ho... 100 0.000 0.100 24,000 1750 (hours)
[=+E User Defined IDF Table 0.000
(7] Sample City - Table 0.100
- Hydro-35 =
~{) IDF Table Equation 0.200
~{£) IDF Curve Equation 0.300
~{£) IDF Polynomial Log Equation =
~{£) Rain File 0.400
{& UK Standard 0.500

SCS Type III 24 Hour Storm

200.0

150.0

100.0

Depth (mm)

50.0

0.000 2.000 4.000 6.000 8.000 10.000 12.000 14.000 16.000 18.000 20.000 22.000 24.000
Time (hours)

— SCS Type III 24 Hour Storm |

‘ Close H Help

There are three main areas on this dialog:

¢ Details of the event, across the top
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e A grid of values, on the right
e A graph, across the bottom

This storm event was created using a dimensionless curve, which models the Soil Conservation Society Type Il storm
profile. From the dialog, we can see that it has a duration of 24 hours, at an increment of 0.1 hours, and the total depth of
rainfall is 6” [175mm)]. The graph shows us how the depth of rainfall varies over the duration of the storm, and reflects the
values in the table.

This is the storm event that we will use.

3. Close the Storm Data dialog.
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Comparing Pre- and Post-Development Flows

Our engineering goal is to cap the post-development peak discharge rate in this Pond Scenario to the pre-development peak. We need the
rates for both.

Earlier in this class, we computed the Pre-Development Scenario and the last still-valid post-development Scenario: 100 Year SWMM
Analysis (the pond scenario is not ready for calculations yet).

Almost any relevant attribute for a structure can be graphed. The graph can show values across Scenarios. The graphing capability is very
powerful. We will use it to evaluate the Pre- and Post-Development at the outfall (it is common to both Scenarios).

1. InView 1, zoom in to the top of the network. . 316.45000

'E%%X

2. Locate and zoom in close to the outfall, and select it.

3. Ensure that the cursor is not hovering over a manipulator, so that the context toolbar appears (you may need to zoom in very close to
achieve this, because the graphic is small, so the manipulators are close together).

4. Click the Graph icon.
. 316.45000
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The Graph Series Options dialog is displayed. We use this to choose the information that we want to see.

The List on the left is for choosing which
Scenarios’ data to graph.

Note that the Current Scenario may be checked
by default.

5. Select the 100 Year SWMM Analysis and Pre-
development Scenarios.

The List on the Right is all the attributes
available for graphing.

6. Select the Flow (Total Out) property.
7. Click OK.
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EIEEJ 10 Year Analysis
=-{TJ= 100 Year Peak Flow Analysis

=-[ )&= With Adjusted Headloss Coefficients
=V 100 Year SWMM Analysis

-[¥I=) Pre-development

= Graph Series Options
Series Label Format: {s(aement) - ${Scenario) - ${Field) [>]
Scenarios Elements Fields
T g g - - R E
«{_J= Cument Scenario =-¥1a Outfal =- VI Outfal
[ )£ 10 Year Design LA o- =-{¥IZ) Common

- .[¥]| ) Fow (Total Out)
&)= Boundary Condition
w-{_JE= Design

&-[ )= Geometry

&-[ )= Infitration/Inflow & Seepage
@[ Physical

&-[ )= Results

=-{VIE) Results (Flow)

-] | Area (System Sanitary Service)
--["] | Flow (Diverted In Outside Subnetworks)
-[]| | Flow (Local Diverted In Same Subnetwork)
--[] | Flow {Local from Inflow Collection)
[ ]| | Flow {System Known)
-[]| | Flow {System Sanitary)
-[]| | Flow (System Total Wet Weather)
--["]| | Flow {System Wet Weather Collection)
E.| )
9|

—
D[j Population {System Sanitary Adjusted)
L Paniilatinn {Sustem Sanitand

>

Show this dialog on graph creation

L 9K || Heb
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5. Click OK.

The Graph dialog shows the runoff hydrograph for the
Pre-Development and post-development Scenarios.
This can be used to identify the peak allowable flow for
the post development design and can be used to
estimate the pond storage requirements for any
detention needs.

Note that displayed data can be changed or added via
the Graph Series Options.. menu item

The data is live, meaning that an active graph will
update if a calculation is run.

Flow (Total Out) (L/s)

|
i
o\

Data

Graph Series OptitTg...

Observed Data...

Graph: New Graph

BFrE2- 2R ST 000 Time: [0.10

New Graph

200.00

175.00

150.00

125.00

100.00

75.00

50.00

25.00

4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00
Time (hours)

= O--100 Year SWMM Analysis - Flow (Total Out)
s 0- - Pre-development - Flow (Total Out)

20.00

22.00

24.00

The graph shows us that attenuation is required, to reduce the peak flow from the post-development Scenario down to
pre-development levels. We can see that the post-development Scenario peaks at a flow of approximately [225 L/s] —

roughly [170 L/s] more than the pre-development peak.
6. Close the Graph dialog.
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Estimating the Pond Constraints

The size of the pond is dependent on many variables, including available space, maximum allowable depth, and minimum mandated storage
requirements to detail additional runoff due to development.

Storage requirements can be calculated from the total runoffs of pre- and post-development calculations. For this exercise, we will provide
numbers that represent a reasonable starting point.

Pond Elevation ranges are generally constrained by network hydraulic grades, terrain, and proposed design restrictions.

A 3D pond is referenced into the design file. The bottom of the pond is set near the invert of the adjacent structures. There is an assumed
constraint of a maximum depth of three feet [1 metre]. We will also assume a freeboard of 1 foot [0.25 m].

Road top

L]

B e e = A A
S e e e e

The table below summarizes key elevations derived from the referenced pond model. We will use these values in our design input.

Elevation Area Elevation Area
ft. sq. ft. m sq. m.
Pond Top 1041.25 2800 317.37 260.13
Freeboard 1.00 0.3
Pond Max Water Level 1040.25 1984 317.07 184.32
Max Depth 3.00 0.92
Pond Bottom 1037.25 304 316.15 28.24

The size of the pond is a rough estimate at this point derived from the discharge curves.
Our CivilStorm results will provide us information from which to adjust our initial estimates.

Note: the OpenRoads pond model was built with rules that provide easy adjustment of size, elevation, interior slope and freeboard. There is
a video on the learn server showing its adjustment capabilities. New areas can be measured after adjustments.
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Defining the Pond Element

Description

In this exercise, you will create the new pond elements.

Skills Taught
e Creating a pond element
e Defining Stage-Area or Stage-Volume

We have now created the inlet and outlet structures for the new pond, and we have a pond “grading” model. What we do not have at this
point is graphic entity to store the pond hydraulic information such as stage-area information.

We will create such a Pond element in this section.

Currently, CivilStorm does not read directly from the “grading model”, though that functionality is expected.

1. In Components, click Place Polygon Feature @ components H=Ea

2. Select the Pond Feature Definition.

-y =3 Method Pick Shape |V
g m feEaL Use Scaled Area? [_|
. . [] Area 0.00000
3. Atthe Select Layout Method prompt, select the Pick Points method. =
Feature
4. Place points at each of the four corners of the pond. Reset when all the vertices are in. pecl Do [Eond b4
Name Prefix Pond-

Note: we will not be using the area of the shape for calculations, so the pond does not have to be
exact or even representative of the shape (you could even a an extra vertex or two to make it easier to see and select).

Note also: CivilStorm does not recognize the OpenRoads pond in this release. Otherwise the Pick Shape method would
be more logical.

5. At the Select Outflow prompt, click Reset (right mouse button).
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6. Atthe Select Reference Surface prompt, any of the options will do. Clicking on the Pond Surface, if visible, would drape it
to the pond. Reset to drape to the active surface would be 3D, but the active terrain may or may not have the proposed
pond merged into it. The <Alt> key will keep it at zero elevation.

7. The Pond is now added to the utility database.

8. Click Element Selection.

9. Select the new pond element and review its Utility Properties

N S "[L 'gP IIJ »Eu’tﬁ _:ZJ:

e Element Selection i

The Hydraulic Analysis tab of Utility Properties shows the properties for the pond element.

Note the Active Topology category, which confirms that the pond element is active in the Topology Alternative for the

current Scenario.
10. Locate the Physical category.
11. Change the Volume Type property to Elevation-Area.

12. Click on the text <Collection: 0 items>. This is where we define the elevations and volumes data for our pond.

13. In the Elevation-Area dialog, type in the values
shown below.

Note: that the Elevation entries must be
entered from low elevation to high.

Note: make sure that the Area Units are
appropriate (sg. ft. or sq. m.). Right-click on
the Area header and Click Units and
Formatting to change.

Volume calculations are interpreted between
entries. There should be an Elevation entry
whenever there is change in the pond storage

geometry. Technically the middle value (the
desired water maximum) was not necessary.

7. Click OK to close the Elevation-Area dialog.
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Imperial Metric
P Elevation-Area - Pond (Pond) ﬂ | ™4 Elevation-Area - Pond (Pond-)
4 X| 2 AX|2
Elevation Area Pa;pe)gze\/md Elevation Area Per;;gze\/oid
(f) (acres) (%) (m) (m2) )
1 1,037.25 304,000 100.0 1 316.150 | 0.00 | 100.0 |
2 1,040.25  1,984.000 100.0 2 317.070 184.00 100.0 |
3 1,041.25 2800 100.0 3 317.470 [} 100.0
0K Cancel Help OK Cancel Help
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8. The Physical category should look like this.

Apply |reatment? False

= Physical h
Volume Type Elevation-Area
Elevation-Area <Collection: 3 items>

Depth (Maximum (KIXEY

Depth (Maximum Curve) (m)

The maximum depth allowed for the pond. If the value
is zero, this value will be derived from the storage
curve. Otherwise, the value will restrict or extrapolate
| the storage curve to the maximum depth specified.
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Linking Inflow to the Pond Element

Description

In this exercise, you will link the network flow to the pond.

Skills Taught

e Setting the Pond’s incoming Headwall’s Boundary Element

The pond element has been created with stage-storage values, and we have a headwall in
the pond with a hydrograph of flow. They are not hydraulically connected yet. To connect
them, we will set the Headwall’'s Boundary Type and Element to point to the pond.

1. Open the Utility Properties of the Headwall discharging into the pond.

The Headwall prototype had set the Boundary Condition Type to Free Outfall. We want
to set the Boundary Condition Type to Boundary Element and then select the pond as
that element.

2. Click on the field to the right of the Boundary Condition Type. Select Boundary
Element from the pull-down.

3. Now designate the Pond as the Boundary Element by clicking on the field to the right of
Boundary Element. Click the pull-down and select <Select Boundary Element>.

4. Click on the Pond Element in the drawing. The field should now list the pond’s name (in

this case, “Pond”).

The network flow is now discharging into the pond.
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Defining the Pond Outlet Hydraulic Properties

We have located the pond outlet structure. The next thing to do is to define how it works, as this is an important factor in how well the pond
will attenuate the post-development runoff.

1. In Components, click the Composite Outlet Structures icon. i3 components
9@ By
wEY = @ 3=
EAGRRBEMA =S
Ragguw@mmGE

%)

T # | Composite Outlet Structures i

2. Inthe Composite Outlet Structures dialog, click New > Composite Outlet Structure.
3. Click New > Orifice.
4. Click New > Weir. orifce

Riser

Culvert

= Weir
User Defined Rating Table
Vortex Valve

This creates two elements in the composite outlet structure. The dialog should look like this.

Y

QX || 8~ e
=) Chshposite Outlet Structures - 1
~-[3] Orifice - 1
Bl Weir- 1

5. Right-click on Composite Outlet Structures — 1, and click Rename

6. Change the name to Orifice and Weir. The dialog should look like this.

A-x AR FF QO e

[ER=] Orifice and Weir]
-[0] Orifice -1
- Weir-1

We have selected two types of flow control device. The weir will function if the pond fills up, and the orifice will attenuate

the flow that leaves the pond. The next step is to specify the properties of these two devices, to control how they both
operate.
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As noted earlier, at this stage the values of these properties are only guesses, since we cannot know the right values until
the pond design has been completed, is working, and can be tested.

7. Click the Orifice and Weir element.

8. Fill in the properties as shown.

Imperial Metric
8 <General>
259
Label Orffice and Weir B <General>
Notes |_7 bel (2)2?1 d Wei
|8 Headwater Nx:)tes rifice and Weir
Headwater Type Use Pond for Headwater Range 5 Headwater
Pond % ‘ Headwater Type Use Pond for Headwater Range
1,037.25 Pond <Automatic>
1,041.25 Minimum {Headwater) (m 0.000
0.50 Maximum (Headwater) (m 0.000
Spot Elevations (Headwater) <Collection: 0 tems> ement (Headwate 0.000
‘B Tailwater Spot Elevations (Headwater) <Collection: 0 items>
Tailwater Type Free Outfall c ‘I-'ralﬂwtme‘; o
ailwater ree Ou
& gut_let Stmctl.‘m {Chmmpmcn Tehunice) = Outlet Str)l’lF::eture (Convergence Tolerances)
aximum lterations 30 > ?
Headwater Tolerance (Minimum) (ft) 0.00 L 7 2
: : : Headwater Tolerance (Minimum) (m)  0.000
Headwater Tolerance (Maximum) (ft) 0.50 Headwater Tolerance (Maximum) (m)  0.150
Tailwater Tolerance (Minimum) (ft) 0.00 Tailwater Tolerance (Minimum) (m)  0.000
Tailwater Tolerance (Maximum) (ft) 0.50 Tailwater Tolerance (Maximum) (m) ~ 0.150
Flow Tolerance (Minimum) (ft*/s) 0.000 Flow Tolerance (Minimum) (m?/s) 0.000
Flow Tolerance (Maximum) (fé/s)  0.250 Flow Tolerance (Maximum) (m¥/s) 0.250

We have stated that the headwater range will be defined by the pond itself and have provided some convergence
tolerances for the calculations.

9. Click the Orifice — 1 element.

10. Fill in the properties as shown.
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Imperial

BE ! |

B Outlet Structure
Outlet Structure Type Orifice
Flow Direction Forward Flow Only
Number of Openings 1
Orifice Coefficient 0.500
1,038.00

E Outlet Structure (IDs and Direction)
Outlet ID Orfice - 1
Downstream ID Tailwater
Notes

E Outlet Structure (Advanced)
Elevation (On) (ft) 0.00
Elevation (Off) (ft) 0.00

B Outlet Structure (Orifice)
Orifice Type Circular Orifice
Orifice Diameter (in) 80

Metric

E Outlet Structure

Qutlet Structure Type

Flow Direction

Number of Openings

Orifice Coefficient
Elevation (m)

Orifice

Forward Flow Only
1

0.500

316.500

B Outlet Structure (IDs and Direction)

Qutlet ID
Downstream ID
Notes

Bl Outlet Structure (Advanced)

Elevation (On) (m)
Elevation (Off) (m)

B Outlet Structure (Orifice)

Orifice Type

Orifice Diameter (mm)

Orifice - 1
Tailwater

0.000
0.000

Circular Orifice
200.0
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11. Click the Weir — 1 element.

12. Fill in the properties as shown.

Imperial Metric
Ay Outlet Structure
=] Z Outlet Structure Type Weir

E Outlet Structure Flow Direction Forward Flow Only
Outlet Structure Type hWe« Weir Type Rectangular Weir
Flow Direction Forward Flow Only Elevation (m) 317.650
Weir Type Rectangular Weir Weir Coefficient (m*(1/2)fs)  0.50

1.040.00 Rectangular Weir Suppressed
Weir Coefﬁco.ent_(ft (1/2)Is) 0.50 Weir Length (m) 1.000
Rectangular Weir Sy pumad Outlet Structure (IDs and Direction)
R L () ok Outlet ID Weir-1

E Outlet Structure (IDs and Direction) :

Outlet ID Weir - 1 Downstream ID Tailwater
Downstream ID Tailwater Notes
Notes Outlet Structure (Weir)

B Outlet Structure (Weir) Vary Coefficient with Depth  False
Vary Coefficient with Depth False Outlet Structure (Advanced)

E Outlet Structure (Advanced) Elevation (On) (m) 0.000
Elevation (On) (ft) 0.00 Elevation (Off) (m) 0.000
Elevation (Off) (ft) 0.00 Outlet Structure (Weir. Advanced)

B Outlet Structure (Weir, Advanced) User Defined Table False
User Defined Table False

The rectangular weir is slightly below the top water level of the pond, so it will start to transfer flow out of the pond just
before the top water level is reached.

13. Close the Composite Outlet Structures dialog.
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Linking the Pond Outlet Structure to the Pond and to the Outlet Hydraulics

To complete this structure, we need to connect the Pond Outlet node to the Pond shape and assign the tabular composite

outlet structure to the Pond Outlet node.

1. InView 1, select the pond outlet node PO- that we have just placed.
2. Inthe Hydraulic Analysis tab of Utility Properties, locate the Pond Outlet category.
3. Click on the <None> to the right of Upstream Pond. B Pond Outlet
Upstream Pond
4. Select Pond from the list (all Pond shapes are listed here). Has Control Structure?
|| Composite Outlet Structure
B Physical
5. Change the Has Control Structure? property to Yes @ Pond Outiet
Upstream Pond
6. Click the field to the right of the Composite Outlet 235 C°"_"°'05t"ud;fe?
Structure property, and select Orifice and Weir fromthe | poreagy o
drop-down list. Elevation (Ground) (f)
. . . & Pond Outlet
The properties should now look like this. i
Has Control Structure?
Composite Outlet Structure
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|

[
Pond |

<Select Upstream Pond>
<None>

Pond
Yes
Orifice and Weir

<Edit Composite Outlet Structures>
Orifice and Weir

Pond
Yes
Orifice and Weir
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Computing the Pond Scenario

Now that the design of the pond is complete. Let's compute it, and see what happens.

. . . Hydraulic Analysis |
1. Inthe Scenarios dialog, click Compute. A-X @ B @ % ¥ |FSearch @

~ 10 YearBesign

=& 10 Year = .
B4 100y Compute Scenario [

[=HE With Adjusted Headloss Coefficients
= Larger Pipes
=& Main Network Only

=+ 100 Year SWMM Analysis
] 100 Year SWMM With a Pond

=) Pre-development

Recall that this Scenario uses the SWMM solver, so the runoff hydrographs are calculated, and routed through the piped
system and the pond. After a few moments, the SWMM Summary is displayed. Take a moment to review this.
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Designing Attenuation

Now that the pond has been created and computed, we need to investigate how well it operates.

%

1. InView 1, select the pond element Pond-. From the context toolbar, click Graph.

2. Make sure Hydraulic Grade is selected. Fislds

ER=ERRAE

EI-- Pond
=-¥IZ2 Commaon

3. Click OK on the Graph Series Options dialog. !_Iglg']
[+ eometny
The graph is displayed. = Graph: New Graph -0
?LD -B-leBRalnE 000 Time: 010
Recall that we capped our maximum water level at °
141.25 ft [317.75m], and the weir starts to operate at £ sinooo
1039.0 ft. [317.65m]. The graph shows that the e
Hydraulic Grade Line (HGL), which is the water level
in the pond, reaches this level, so we don’t have
enough storage. ' ‘ ' ' o Tmetours) ' ‘ ' ' '

Pond-1 - 100 Year SWMM With a Pond - Hydraulic Grade |

4. Close the Graph dialog.
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5. In View 1, select the outfall.

6. Click the Graph icon.

= 2% X

g 316.45000

7. The Graph Series Options dialog is displayed.

8. Click OK. Graph: New Graph =
Graph |Data |
¥r@a-a2-jebalgn 000 () Time:  0.10
New Graph
75.00 T
68.75 /\

62.50 : / \
56.25

50.00 y \
43.75

2
=
o
3 3750 \
€ 3125
: | A
§ 25.00
-
18.75 / \\
12.50
6.25
0.00
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00

Time (hours)

—— 0- - 100 Year SWMM With a Pond - Flow (Total Out) |

The flow at the outfall peaks above the peak flow from the Pre-Development Scenario. To check, let’s add it to the
graph.

9. Click the Chart Series Options icon.

ata | -

|
~2-| & B &
Graph Series Options i

The Graph Series Options dialog is displayed.

10. Check the box for the Pre-Development Scenario in the left column.
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Scenarios
ot e

3 Current Scenario
=1 10 Year Design
} =1 10 Year Analysis

={_J& 100 Year Peak Flow Analysis
=+ )& With Adjusted Headloss Coefficients
=& Larger Pipes
== Main Network Only
= )&= 100 Year SWMM Analysis
“[V]E= 100 Year SWMM With a Pc

11 CIle OK Pre-development

]

The graph is updated, and now shows us the results that were computed for this Scenario as well.

Graph: New Graph - B8
Graph | Data
¥ra-a-jepalse 000 Time:  0.10

New Graph

75.00
68.75
62.50
56.25
50.00
43.75
37.50
31.25

25.00

Flow (Total Out) (L/s)

18.75
12.50
6.25

0.00

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Time (hours)

—— O- - 100 Year SWMM With a Pond - Flow (Total Out) —— O- - Pre-development - Flow (Total Out) |

We can see that the pond outlet structure has not reduced the flow to the pre-development level, so we need to adjust it.

12. Close the Graph dialog.

13. In Components, click Composite Outlet Structures. & components
== e
i ( = - @ ‘,
ERQRBRE =

R % e s BEACE

-

Composite Outlet Structures i
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The dialog opens, and shows the structure that we created earlier. Now that the outlet structure knows about the pond
that it is connected to, the properties for the minimum and maximum headwater are filled in. The dialog also shows a
graph of the rating table for our outlet structure.

14. Click the text Orifice and Weir.
The graph shows how the combination of the orifice and the weir operate.
15. Click the text Orifice-1.

The graph shows how the orifice operates. The horizontal scale goes to more than 2.5 cfs [70 L/s], and we need to reduce
this.

16. Change the value of the Orifice Opening Diameter to 6 in. [145mm].

17. Click the Compute Rating Curve icon, to update the graph. A-xm@d|¥¥| 2[Rxe

=-'@) Orifice and Weir

@ Compute Rating Curve
B Weir-1 Eastee pm e e i)

The graph now looks like this, and shows that the flow has SombesicoitEticiiie:
D-XARFT|L[Ee Results |Rating Table
reduced. =9 Orfice and Weir TR
[ Orifice - 1
& Weir-1

317.750
317.625
317.500
S APA]

= Outlet Structure
Outlet Structure Type ~ Orifice

317.375

317.250

=
s
=
Flow Direction Forward Flow Only %
Number of Openings 1 a
Orifice Coefficient 0500 & 317.125
Elevation (m) 316,500 ‘;
B Outlet Structure (IDs and Direction) ik
Outlet ID Orifice -1 sE
Downstream ID Tailwater =
Notes 2 316.875
B Outlet Structure (Advanced) 8
Elevation (On) (m) 0.000

Elevation (Off) (m)  0.000 316.750

B Outlet Structure (Orifice)
Orifice Type Circular Orifice 316.625
Orifice Diameter (mm) ~ 145.0

316.500

0.00 4.00 800 12.00 16.00 20.00 24.00 28.00 32.00 36.00
Flow (L/s)

— TW Elev. = Free Outfall (Orifice - 1) |

18. Close the Composite Outlet Structures dialog. i s e
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Hydraulic Analysis

We now need to compute the Scenario again, to update the results for the whole system. |\ & 5ie g & v ¥ Fseaon o

& 10 YearBesign

19. In the Scenarios dialog, click Compute. 8 e Compute Scenario |

= With Adjusted Headloss Coefficients
= Larger Pipes
[=-E5 Main Network Only
=5 100 Year SWMM Analysis
-

& Pre-development

20. In View 1, select the outfall.

21. Click the Graph icon.

22. The Graph Series Options dialog is displayed.

23. Check the box for the Pre-Development scenario. ;f%;f"“
24. Click OK, OB Wt
EH 10 Year Analysis

=-[_J 100 Year Peak Flow Analysis
=-[_J= With Adjusted Headloss Coefficients
={_J&= Larger Pipes
=] Main Network Only
= )&= 100 Year SWMM Analysis
: 100 Year SWMM With a Pc
Pre-development

The graph shows that we have now reduced the post-development flow to the pre-development level.
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Graph: New Graph -
Graph | Data
¥ra-a-jedalse 000 Time:  0.10

New Graph

62.50

56.25

50.00

43.75

37.50

31.25

25.00

Flow (Total Out) (L/s)

18.75

12.50

6.25

0.00

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Time (hours)

—— O- - 100 Year SWMM With a Pond - Flow (Total Out) —— O- - Pre-development - Flow (Total Out) |

We now need to check the water level in the pond.
25.In View 1, select the pond element Pond-.

26. From the in-context toolbar, click Graph.

The Graph Series Options dialog is displayed.
27. Click OK.
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Graph: New Graph - B8
Graph | Data
¥ra-a-jedalse 000 Time:  0.10

New Graph
317.750

317.625

317.500

317.375

317.250

317.125

317.000

Hydraulic Grade (m)

316.875

316.750

316.625

316.500

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Time (hours)

Pond-1 - 100 Year SWMM With a Pond - Hydraulic Grade |

The graph shows that the top water level has been reached, so we now know that the pond is not big enough. We need to
increase the size of the pond, until the HGL stays below the top water level.

28. Close the Graph dialog.

The pond is still selected. In the Hydraulic Analysis tab of Utility Properties, locate the Elevation-Volume property.

29. Click the <Collection: 3 items> text
30. Click the ellipsis icon to open the Elevation-Area table.

31. Adjust the table to the values shown below.
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Metric

Imperial
e Elevation-Area - Pond (Pond) n_
AX a2

i _— Percent Void

0 | (acres) sp(.'ff
1 1,037.25 | 684.000 100.0
2 1,040.25|  2,604.000 100.0
3 1,041.25 [ 3,500.000 100.0
OK || Cancel | Hep

b Elevation-Area - Pond (Pond-)
AX| 2
) Percent Void
Elevation Area
Space
(m) | (m3) (%)
1 316.150 | 63.54 100.0
2 317.070 | 241.92 100.0
3 317.370 325.16 100.0
|| Cancel Help

32. Click OK.

33. In the Scenarios dialog, click Compute.

34. In View 1, select the pond element Pond-.

35. From the in-context toolbar, click Graph.

The Graph Series Options dialog is displayed.
36. Click OK.

Hydraulic Analysis ‘

[A- X @ @ & | FSearch @

(& 10 YearBesign

Compute Scenario |

=63 With Adjusted Headloss Coefficients

[=-E Main Network Only
=+ 100 Year SWMM Analysis
B =] 100 Year SWMM With a Pond
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The graph dialog shows that the pond is no longer flooding.

Hydraulic Grade (m)

[Graph| Data |

2ra-8-&Balle

317.750

317.625

317.500

317.375

317.250

317.125

317.000

316.875

316.750

316.625

316.500

Time: 0.10

New Graph

AN

=

8.00 10.00 12.00 14.00 16.00 18.00 20.00
Time (hours)

——— Pond-1 - 100 Year SWMM With a Pond - Hydraulic Grade I

24.00

As a final check, let’s look at the hydrographs at the outfall again.

37. In View 1, select the outfall.

38. Click the Graph icon.

The Graph Series Options dialog is displayed.

39. Check the boxes for the Pre-Development and the 100 Year SWMM Analysis scenarios.

40. Click OK.
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Scenarios

Y

Current Scenario
10 Year Design
EH 10 Year Analysis

- E{_J& 100 Year Peak Flow Analysis
- E{_J& With Adjusted Headloss Coefficients
=+ _JE Larger Pipes
=+_J& Main Network Only
V)& 100 Year SWMM Analysis
| “-[v]E 100 Year SWMM With a Pond
“[¥]E Pre-development
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The graph |S dISplayed Graph: New Graph -

Graph | Data
¥ra-a-jepalse 000 Time:  0.10

New Graph

225.00

200.00

175.00

150.00

125.00

100.00

Flow (Total Out) (L/s)

75.00

50.00

25.00

0.00
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Time (hours)
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24.00

We can see that the post-development flow has reduced further, because increasing the storage available has reduced
the head that operates the orifice, so less flow goes through it. We can now iterate further to optimize the pond.
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